RosBREED:  Enabling marker-assisted breeding in Rosaceae
	Vision Statement
	The integration of modern genomics tools with traditional breeding approaches will transform crop improvement in Rosaceae and thereby improve the profitability of U.S. rosaceous crop industries and contribute to increased consumption and enjoyment of rosaceous crops.

	Mission Statement
	Create a dynamic and sustained effort in research, education, and extension to develop and apply marker-assisted breeding to deliver superior plant materials for Rosaceae crop industries and consumers.

	Strengths, current limitations, opportunities
	Strengths
· Wide assortment of crops: nutritious and delicious fruit and nuts, and flowering ornamentals.
· Active breeding programs.
· Large numbers of QTLs reported in the literature.
· Accelerated pace of genomics discovery.
Current limitations

· Shortage of cultivars with superior quality acceptable to wider range of consumers.
· Inefficient breeding progress.
· Long juvenility of most rosaceous crops.
· QTL information is not readily applicable for the breeder: Disconnect between QTL discovery and breeding application.
· Small population sizes.
· Heterozygosity and in some cases polyploidy complicating genetic analysis.
· Cost of and lack of facilities and trained personnel to implement MAB including lack of access to high throughput genotyping.
· Few students training in specialty crop breeding.
· Loss of public breeding programs, ability to address long-term needs.
· Databases of breeding programs are typically developed in-house, highly idiosyncratic, and lack of standardization in databases precludes a seamless uptake of data between breeding programs.

· The databases do not easily interface with genomics data.
· Lack of familiarity among Rosaceae crop breeders, industry, and public with enabling genomic technologies and their value for increasing breeding efficiency.
· No forum for interaction among breeders, researchers, industry and the user community.
Opportunities

· Populations are available for QTL validation and allele discovery.
· Pedigree Based Analysis (PBA) software.
· Educate the future generation of plant breeders

	Objectives
	(1) Translate plant genomics into plant improvement by enabling the application of MAB for U.S. Rosaceae breeding programs.
(2) Educate existing and future rosaceous crop breeders.
(3) Develop and implement platforms for sustained engagement among Rosaceae breeding programs, the research community, industry stakeholders and the public.

	Strategies to achieve objective 1

	A. Develop infrastructure for efficient pipelining of reported associations between genetic markers and horticultural traits (marker-trait [M-T] associations) into routine breeding application for U.S. Rosaceae breeding programs.

Pipeline:


Reported marker-trait associations (
1. Test the robustness of M-T associations over a wide range of germplasm, beyond experimental populations in which they were first discovered.

2. Ascertain the relevance of robust M-T associations to specific breeding programs, including identifying the extent to which M-T associations are maintained in a breeder’s germplasm (validation), determining functional alleles present in each potential parent (allele mining), and assessing linkage or epistasis with other critical traits.

3. Enable marker-assisted selection operations for each breeding program, including identifying efficient methodology for genotyping, developing DNA extraction and genotyping capacity on-site or through a multi-user service center, and determining the best combination of markers and traditional selection for traits and the best stage to implement genotyping according to idiosyncrasies and economic realities of individual breeding operations.
4. Preliminary test of suitable markers (e.g. test on a seedling subset)
( Routine marker-assisted selection in breeding programs
Activities to implement the pipeline in participating breeding programs:

· Identify robust high-impact M-T associations to enter the MAB pipeline of each breeding program. Sub-activities:

· Prioritize reported M-T associations to identify those with the greatest expected impact factor if validated and implemented in specific breeding programs.

· Comprehensively phenotype a set of germplasm representative of each crop for basic traits of immediate relevance and value to Rosaceae breeding programs.
· Genotype above germplasm with potentially useful markers.
· PBA statistical analysis of M-T association robustness.
· Trainees (see Objective 2) will perform activities within breeding programs to implement the MAB pipeline. Breeders may also be involved in pipeline implementation to the extent desired, but are not expected to significantly alter their usual operations during the term of the project, other than a commitment to trainee mentoring.

· Adopt PBA statistical approach in each participating breeding program by ensuring compliance of breeding pedigree and performance data with the PBA format.

· Within each breeding program, conduct M-T association validation and allele mining with PBA, focusing on potential high-impact M-T associations. Sub-activities:
· Phenotype germplasm representative of the breeding program for traits of relevance to available robust markers and anticipated marker needs.
· Genotype above germplasm with robust markers.
· PBA statistical analysis of M-T association validity.

· Identify possible linkages and epistasis between validated markers, and determine functional haplotypes in breeding germplasm.

· Evaluate the efficiency of available high-throughput DNA extraction and genotyping technologies, and identify a multi-user service center or establish local capacity to conduct required genetic screening for each breeding program.

· Develop a generic decision support tool for identifying the most efficient MAB scheme according to breeding operations, and apply to each breeding program.

· Within each breeding program, perform MAB with high-impact markers on a subset of seedlings to demonstrate application under real world conditions.

· Within each breeding program, evaluate efficiency of MAB compared to traditional selection using data collected on seedling subset.

· Re-evaluate the pipeline where problems occur, and highlight success stories (within activities of Objective 3).
B. Develop a common breeding database for efficient collection, archiving, and use of data.

Database components:

· Housing of breeding data (pedigrees, breeding values, phenotypes, genotypes, experiments, images)

· Useful tools for breeding operations (calculations of heritability, combining ability and breeding value, genetic gain with alternative selection strategies)

· Translatable with PBA for ease of marker validation and allele mining (as well as future QTL discovery and breeding value)

· Tool for determining the most efficient means of implementing genotyping in routine breeding operations.

· Interoperability with the GDR, RosTRAIT, and other relevant databases.

C. Implement MAB as a routine and sustainable operation for each participating breeding program.



	Strategies to achieve objective 2
	A. Integrate graduate student trainees in Rosaceae breeding programs.

· Numerous (perhaps 12? - awaiting budget calculations) graduate students will be embedded as “Trainees” in an equal number of participating Rosaceae breeding programs, to catalyze the formation of multidisciplinary teams focused on revitalizing Rosaceae breeding with modern tools, and train the next generation of plant breeder fluent in the language of translational genomics.

· Trainees will become familiar with routine breeding operations, and perform activities to implement the MAB pipeline on behalf of their designated breeding program. 

· Breeders will mentor the trainees as breeders-in-training.

· Genomicists/molecular geneticists associated with each breeding program will provide trainee mentorship for the genomic approaches within the project.

· Practitioners of other academic disciplines associated with the breeding program, such as pathologists, entomologists, and physiologists, are also expected to mentor the trainee where appropriate for each program.

· Trainees will attend classes at their host institution as recommended by mentors, which will be chosen as much as possible to align with project goals and needs.

· Trainees will actively participate in regular workshops and other training and presentation venues for activities and communication of project outputs.

· Graduate students are also expected to pursue a related research topic of their own choosing, to satisfy graduation requirements of their host institution. Such projects may include genetic analysis of traits of importance to their host breeding program such that successful research outcomes could be immediately applied to practical utility in the breeding program facilitated by the established MAB pipeline.

· In a four-year RosBREED project term, graduate students are expected to be supported for three years beginning half a year into the start of the project.

B. Train graduate students in Rosaceae-wide MAB-enabling approaches.
· Several graduate students will be recruited for training in disciplines supporting Rosaceae plant breeding efforts, to serve central coordinating roles for uniting components of the project:
· Computer science – breeder’s database development.
· Statistics – Pedigree Based Analysis.
· Agricultural economics – studying the economics of applying MAB in Rosaceae breeding programs, utilizing data developed over the course of the project.
· Rural sociology – specializing in assessing the socio-economic impact of plant breeding on production communities.
· Communications – focusing on developing effective advertising strategies for Rosaceae crop breeding.
· Participating project collaborators will serve on the students’ mentoring committees as appropriate, with emphasis on cross-disciplinary training.
· Graduate students are expected to become familiar with the plant breeding discipline.


	Strategies to achieve objective 3
	A. Develop a strategic platform for enabling efficient targeting of outreach activities.
· Extension coordinator to define the participatory (e.g. Rosaceae breeding, genetics, and genomics community) and target (e.g. public and industry stakeholder) audiences by communicating with existing committees such as RosEXEC, commodity commissions, and previous CAP project coordinators.
· Establish an outreach advisory committee consisting of representative members of the target audiences.
· Hold a RosBREED outreach planning workshop in conjunction with ASHS 2009.

· Prepare a workshop summary document describing critical outreach needs and strategies for targeted audiences.
B. Develop an outreach program for the Rosaceae breeding community based on currently understood needs.
· Develop a GDR-hosted forum for real-time breeder-to-breeder communications on marker-assisted breeding and other issues of importance among Rosaceae breeders.

· Hold a workshop introducing the overall project goals and MAB pipeline components to participating breeding programs and graduate student trainees in conjunction with PBCC 2009. Recruit additional participating Rosaceae breeding programs.

· Develop training modules (e.g. pedigree based analysis and database architecture) to be hosted on the GDR.

· Coordinate on-site visits at participating breeding programs.

· Adjust outreach goals and activities according to progress in MAB pipeline implementation and recommendations of the outreach advisory committee.
C. Develop an active outreach program for public and industry stakeholders.
· Form a Rosaceae breeding Community of Practice on eXtension.org to make project participant expertise publicly available.

· Increase public awareness and encourage greater investment in plant breeding and enabling technologies by marketing the impact of crop improvement to the public, industry, and policy makers, using examples from Rosaceae and funded CAP projects.

· Coordinate structured participatory activities for the public and industry stakeholders, such as lab visits, and demonstration field tours.

· Organize traditional workshops at key stakeholder conferences.

· Adjust outreach goals according to the outreach advisory committee recommendations.
D.  Evaluate the achievement of project objectives.
· Hold a summary workshop for project participant reporting in conjunction with ASHS 2012.

· Prepare a document assessing the outcomes and long-term project impacts.

·  Develop recommendations for sustainable genomics-assisted breeding infrastructure of specialty crops based on the model established in this project for Rosaceae. 



	Deliverables
	Increase efficiency of breeding programs due to the adoption of MAB for high-impact traits.
Sustainable pipeline for the translation of genomics discovery to the delivery of superior plant material.

Adoption of database and statistical software to allow the breeder to use genomics information to inform breeding decisions. 
Graduate students trained in Rosaceae-wide MAB-enabling approaches.
Larger community of plant breeders trained in MAB-enabling approaches.

Coordinated and dynamic strategic plan for outreach to distinct target audiences.
Increased awareness and support of plant breeding and genomics tools among Rosaceae crop breeders, researchers, and public and industry stakeholders.

Active and growing network of programs in Rosaceae breeding, genetics, and genomics with links to other crop communities.



