W-150 Proposal-Specific Objectives, Interdependency, and Pitfalls

Specific Objectives:

The specific objectives for each group of projects are given below. 

Exotic Germplasm Conversion

1. Broaden the genetic base of dry and snap bean cultivars through the conversion of selected exotic germplasm (see Appendix Table 2).

2. Identification of molecular markers to facilitate germplasm conversion.

Abiotic Stresses 

1. Develop heat-resistant breeding lines and cultivars adapted to the U.S.

2. Identify and tag heat-resistant alleles and QTL.

3. Introgress and pyramid heat resistant alleles and QTL from P. vulgaris and P. acutifolius. 

Biotic Stresses

1. Identify new sources of resistance to important diseases using greenhouse and field nurseries.

2. Study the inheritance of new sources of resistance to important diseases. 

3. Develop new cultivars and breeding lines resistant to bean golden mosaic, common and halo bacterial blights, curly top, Fusarium root rot and wilt, rust, and/or white mold, using conventional breeding techniques and marker-assisted selection.

4. Determine genetic diversity in pathogens causing curly top, halo and common bacterial blights, rust, and white mold in the U.S.

5. Develop or refine a set of host-pathogen differentials for common bacterial blight and rust.

6. Investigate the significance of pathogen diversity revealed by host differentials, genetic fingerprinting, and the PCR-based detection methods for Xcp and Fusarium.
7. Evaluate vector-independent inoculation methods for screening germplasm resistant to geminiviruses.
8. Clone the dominant resistance gene for BDMV.
9. Identify and tag resistance alleles and QTL for BGYMV, Fusarium root rot and wilt, halo and common bacterial blights, rust, and white mold.

10. Introgress and pyramid white mold resistance from the secondary gene pool into dry bean.

11. Test new breeding lines and cultivars resistant to common and halo bacterial blights, rust, and/or white mold across production environments.

Nutritional Value

1. Identify health benefits associated with beans and the bean constituents with laboratory, preclinical, and clinical trials.

2. Enhance consumer acceptance of beans and develop new bean products through food processing technologies.

INTERDEPENDENCY:
The W-150 regional project combines research activities, directed toward bean improvement, of scientists in 10 cooperating states and USDA-ARS scientists at three locations. The project offers a framework for the genetic improvement of beans through basic research on the evaluation and conversion of useful exotic germplasm, and broadening the genetic base and breeding for enhanced yield and nutritional value, seed coat color to improve emergence and plant population, and resistance to heat, common and halo bacterial blights, Fusarium root rot and wilt, geminiviruses, rust, and white mold. This basic science component is integrated through six regional and national nurseries that are the backbone of the W-150 project. Researchers from two to twelve states collaborate in each sub-project and regional and national nursery. The functional structure of the regional project is such that segregating populations from adapted x exotic crosses developed at tropical Mayaguez (PR) are selected at key locations on the mainland following a shuttle-breeding approach. The converted and other useful adapted germplasm from across market classes, races, gene pools, and those developed from inter-specific hybridization are used to introgress and pyramid favorable alleles and QTL into breeding lines of the market classes of interest for each of the major abiotic and biotic stresses. These breeding lines are crossed with popular cultivars and other promising breeding lines to develop elite breeding lines resistant to multiple abiotic and biotic stresses for each major market class. Extensive regional and national testing of elite lines is conducted at the apex of the breeding-pyramid (Kelly et al., 1998). Laboratory, greenhouse, and field environments regionally and nationally are used to develop and evaluate breeding lines for yield, plant type, maturity, and seed characteristics and their reactions to major abiotic and biotic stresses while taking into consideration the pathogenic diversity and mechanisms of resistance. Given the strong genotype x environment interaction for yield and adaptation, pathogenic diversity, and location-specificity of abiotic and biotic stresses; the collaboration within the W-150 provides the necessary structure to determine critical interactions and identify the most promising elite breeding lines for release as new cultivars. The interdependence between different states and USDA-ARS researchers is essential for development of broadly adapted high yielding cultivars resistant to abiotic and biotic stresses for sustained production of dry and snap bean in the U.S. Each scientist brings different expertise and resources to the overall effort. 

In each sub-project, where the focus is on biotic and abiotic stresses, the integration between programs is critical as unique and variable pathogens and stresses that affect bean production, occur in different regions of the U.S. Due to contrasting disease problems, and pathogenic variability present in different regions of the country, work on resistance must be integrated as the research can only be effectively conducted at specific locations. The W-150 project affords the opportunity to test for broad based resistance and stability across environments to a wide range of virulent races of specific pathogens affecting bean production. In contrast to the research on yield-based traits in dry bean, pathogens attack both dry and snap beans. Work on resistance breeding is vital to both types and is quite complementary. The development of rust resistance is the best example of collaborative research over a number of states where pathologists and breeders work with different combinations of rust races in different market classes each with its own unique local adaptation. Pyramiding resistance genes through the use of molecular markers linked to new and unique resistance sources requires integrated regional testing to determine its effectiveness. The interdependency afforded by the W-150 project provides the mechanism for such testing. A similar structure for the integration of basic and applied research is proposed and encouraged between researchers within each sub-project.  Efforts toward plant transformation are underway. If successful, plant transformation can be integrated into a number of different programs interested in developing novel disease resistance.

Pitfalls:

Insufficient resources and cooperation among researchers due to unforeseen circumstances could limit the progress within and across subprojects. Also, the following could be project specific pitfalls.
Exotic Germplasm Conversion

Recovering photoperiod insensitivity and the target trait of interest in well-adapted genotypes from wide-crosses can be challenging. 
Abiotic Stresses

There might be different mechanisms of heat resistance that are influenced by day and night temperatures and humidity. Thus, introgression and pyramiding of high levels of heat resistance, especially from tepary bean, into broadly adapted dry and snap beans may be challenging.  
Biotic Stresses

The emergence of new diseases such as soybean rust may cause scarce resources for research to be diverted. Pathogen surveys could miss sampling races of minor occurrence, but highly virulent, and thus capable of supplanting prevalent and less virulent races. Similarly, unknown genetic diversity of pathogens in production regions not surveyed could limit the utility of resistant genotypes that have been identified or developed with the existing pathogens. Development of host differentials for Xcp may not be possible due to a lack of host specialization within the pathogen. Markers obtained for resistance factors may have limited application due to gene pool specificity. White mold resistance often has low to moderate heritability. We do not know whether introgression and pyramiding QTL from across the primary and secondary gene pool will enhance the resistance in contrasting greenhouse and field environments. It is possible that methods such as agroinoculation will have limited practical application to resistance breeding for geminiviruses.  
Nutritional Value

It is possible that the phytonutrients imparting antioxidant activity will not be bioactive or have cancer-inhibiting activity. Commercialization and widespread utilization of healthy foods is sometimes difficult to achieve due to tradition or social values.

