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STATEMENT OF THE PROBLEM. Common bean (Phaseolus vulgaris L.), introduced to North America by both the Native Americans and settlers from Mexico, Central America, and South America, has been cultivated in the U.S. for millennia. However, compared to corn, soybean, and wheat, the average national seed yield of dry bean is low (~1700 lbs/acre). This may suggest that some market classes suffer from a narrow genetic base, or show some degree of inbreeding depression. In addition, several abiotic and biotic stresses can severely limit both dry and snap (vegetable form) bean production. Fungal, bacterial, and viral diseases are among the main production constraints (Beaver and Osorno, 2009, Schwartz et al., 2005), whereas drought, heat, soil mineral deficiencies, and short growing seasons, reduce productivity in many production areas. In order to remain competitive with other crops produced in the U.S., these production constraints need to be addressed. In spite of these limitations, beans are one of the most nutritious and healthiest foods, being the only item included into two different food groups in the USDA food pyramid (Britten et al., 2006; Leterme, 2002; Mitchell et al., 2009; Thompson et al., 2009; Tietyen-Clark, 1986). In addition to human health, beans promote soil and environmental health through biological fixation of atmospheric nitrogen which allows beans to be produced with less N-fertilizer than other crops.
Several diseases can be present simultaneously and reduce dry and snap bean yield and quality within and across different production regions. Yield losses can range from 10 to 90%, depending on the diseases involved and severity. For example, in the Western U.S., Beet curly top virus (BCTV), Bean common mosaic virus (BCMV), Fusarium root rot (caused by Fusarium solani f.sp. phaseoli) and wilt (caused by Fusarium oxysporum f.sp. phaseoli), and white mold (caused by Sclerotinia sclerotiorum), can simultaneously attack susceptible cultivars. Similarly, in Michigan, Minnesota, North Dakota, and Wisconsin, anthracnose (caused by Colletotrichum lindemuthianum), bacterial brown spot [caused by Pseudomonas syringae pv. syringae (Psp)], BCMV, common bacterial blight [caused by Xanthomonas axonopodis pv. phaseoli (Xcp) and X. axonopodis pv. phaseoli var. fuscans (Xcpf), Syn. with X. campestris], halo blight (caused by Pseudomonas syringae pv. phaseolicola), root rots (caused by a fungal complex in most cases), rust (caused by Uromyces appendiculatus), and white mold can occur together and cause severe yield losses. The root rot pathogens cause serious problems in snap beans across all production regions. In addition, snap beans are vulnerable to regional epidemics of virus diseases including Beet Mild Curly Top Virus (BMCTV) in the western states (e.g., California, Idaho and Washington), and a new virus complex in the Great Lakes states which includes Alfalfa mosaic virus (AMV), Cucumber mosaic virus (CMV), Bean yellow mosaic virus (BYMV), and Clover yellow vein virus (ClYVV), among others. Many of these pathogens are highly variable and new races or strains can appear in different regions. A recent example is the new rust races reported in Michigan and North Dakota (Markell et al., 2009, Wright et al., 2008). Furthermore, the introduction of soybean rust into the southeastern U.S. has serious potential implications for dry and snap bean as they are susceptible to the soybean rust pathogens, Phakopsora pachyrhizi and P. meibomiae. Many of these diseases are seed-borne, are caused by genetically variable pathogens, and cannot be economically controlled with chemicals (e.g., common bacterial blight). Fungicides increase production costs and can result in environmental and human health hazards if improperly used. 

As shown in several studies, the genetic base of dry and snap bean cultivars within most market classes in the United States is narrow (McClean et al., 1993; Miklas, 2000; Silbernagel and Hannan, 1992; Sonnante et al., 1994), because only a very small number of wild bean ancestors were domesticated (Gepts et al., 1986; Papa and Gepts, 2003; Kwak et al., 2009). Consequently, useful traits such as resistance to bruchids (Zabrotes subfasciatus) are not found in cultivars (Schoonhoven et al., 1983) supporting the evidence that a large reduction in genetic diversity occurred early during domestication (Gepts et al., 1986; Koenig et al., 1990). Resistance to heat, drought, and diseases such as common bacterial blight and white mold are inadequate in most cultivars grown in the U.S, thus new sources of resistance are needed in order to broaden the genetic base of common beans in the U.S. and in order to provide broader resistance to highly variable pathogens. The conversion of germplasm is important in order to make traits available in photoperiod sensitive, non-adapted materials. Stringent requirements in terms of visual seed quality and canning quality for each market class slow genetic improvement (Singh, 1999).

This interdisciplinary, multi-state, collaborative W-1150 project proposal comprises several complementary sub-projects (see Appendix Table 1). Key collaboration among participants in these sub-projects is designed to achieve our overall goals and objectives of developing high yielding cultivars with enhanced culinary and nutritional qualities and resistance to major abiotic and biotic stresses. These cultivars will help reduce production costs and pesticide use, increase yield and competitiveness of the U.S. bean growers, and sustain production for domestic consumption and export. Researchers participating in each sub-project have complementary expertise and represent two or more institutions. This research scheme has been very successful as evidenced by the “Excellence in Multistate Research Award” given to the W1150 multistate project by the Western Association of Agricultural Experiment Station Directors (WAAESD) in March of 2009. The inclusive group of researchers jointly prepared the project renewal and is committed to collaborating with each other to achieve the overall objectives. For simplicity, these projects are grouped into the following priorities: (1) biotic stresses, (2) abiotic stresses and production/sustainability, (3) nutritional and health related benefits in the human diet, and (4) characterization/utilization of exotic germplasm. Details of each sub-project listed in the Appendix 1 can be provided upon request. 

JUSTIFICATION. Why the need for a multi-state collaborative project? Many of the production problems are common to more than one region in the United States. Therefore, collaborative research promotes efficiency (less time and resources in some cases), faster genetic progress, and avoids duplication of work that may lead to the same results. With collaboration, there are mutual benefits for each research program including conservation of economic and physical resources and also expansion of the impact of some outputs. For instance, new cultivars with wider adaptation and broader resistance provide growers with a stable crop, more resistant to pathogen variability and environmental fluctuations that occur year to year. Moreover, dry and snap beans may share production constraints, and a project such as this one encourages communication and collaboration between dry and snap bean breeders. Ultimately, the whole bean industry (both seed and food) benefits from the new science and products developed by this project. Specific examples describing the needs for this multistate collaborative project and the benefits derived are described below.
Anthracnose, begomoviruses, curtoviruses, halo blight, rust, and other diseases caused by highly-variable and/or emerging pathogens, require extensive investigation, including the development of screening methods and multi-location field and greenhouse environments. Most private and public cultivars are grown in multiple states and thus require multi-state trials for cultivar development. White mold, for example, requires field and greenhouse trials from multiple locations for the identification of avoidance and physiological resistance with any degree of assurance. It is therefore essential to continue to characterize and monitor genetic variability of bacterial, fungal, and viral pathogens causing major bean diseases in the United States. Also, it is imperative to determine the reaction of useful germplasm to the pathogenic diversity so breeders can identify additional resistance genes and mechanisms for broadening the genetic base and development of improved cultivars. Introgression and pyramiding of favorable alleles and QTL from across races, gene pools, and related wild and cultivated Phaseolus species into cultivars is often achieved only through a stepwise tiered breeding approach that often involves introgression of useful genes from wild or unadapted germplasm into adapted cultivars for the temperate regions of North America (Kelly et al., 1998; Singh, 2001; Singh et al., 2007b; White and Singh, 1991). Most researchers often work within one or two tiers, and depend on other collaborators for the first step of gene introgression (Kelly et al., 1998). Furthermore, the role of genomics and marker-assisted selection as an additional tool for bean breeders is becoming increasingly important (Miklas et al., 2006a) and requires collaborations among scientists across different states or countries (McClean et al., 2008; Gepts et al., 2008). Inter-disciplinary and inter-institutional collaborative research must also continue to find alternative recombination and selection methods and identify and use molecular markers to facilitate efficient introgression and pyramiding of favorable alleles and QTL into improved cultivars for diverse cropping systems. Thus, to develop germplasm and cultivars with multiple-disease resistance and tolerance to abiotic stresses, researchers with limited expertise and facilities share responsibilities and exchange segregating populations and breeding lines to complement screening and selection in contrasting field environments, laboratories, and greenhouses regionally and nationally. 

The use of winter nurseries in Puerto Rico accelerates the development of breeding lines and expedites the conversion of useful tropical and sub-tropical germplasm that are poorly adapted to the U.S. bean growing environments. Breeding populations can be rapidly developed from crosses between adapted x exotic germplasm, followed by backcrossing in the short-day photoperiods of the tropics (e.g., Mayaguez, PR) or in the greenhouse during the winter months. Furthermore, hybridization in the tropics is often alternated by selection for photoperiod insensitivity on the U.S. mainland during the growing season. Because exotic germplasm is increasingly being used to broaden the genetic base and develop cultivars with higher yield potential, enhanced nutritional quality, and greater resistance to abiotic and biotic stresses, it is essential to evaluate advanced breeding lines and cultivars developed from the conversion process across production regions, in order to select for broad adaptation and stability of performance. Regional and national germplasm development and testing are also important because only one growing season per year is feasible in the continental U.S. In addition, the W-1150 project runs every year several multi-location testing trials such as the Bean Rust Nursery (BRN), national Cooperative Dry Bean Nursery (CDBN), Midwest Regional Performance Nursery (MRPN), White Mold Nursery (WMN), and Western Regional Bean Trial (WRBT). These nurseries are essential to identify high yielding broadly adapted cultivars and breeding lines with durable disease resistance, to estimate genetic progress over time, and to detect pathogen diversity in the shortest time possible. Therefore, these nurseries form an integral part and foundation for strong collaborative efforts within the W-1150 project. 
No single state or institution can conduct all the research necessary to develop improved bean cultivars for sustainable production, consumption, and export. This is especially true when most programs have inadequate resources and personnel to carry out a relevant and efficient breeding program for their own state. Certain expertise is available in a few states (e.g. nutritionists and pathologists), but there are some bean-producing states (e.g., Arizona, Florida, Montana, New Mexico, and Wyoming) that do not have public dry or snap bean breeding programs. Due to the collaborative nature of the W-1150 project, researchers in these states also will have access to new breeding lines and cultivars of all market classes. Moreover, research and outreach efforts of agronomists, breeders, molecular geneticists, food scientists, human nutritionists, and plant pathologists must be coordinated to improve domestic consumption and export. Thus, additional resources and multi-state regional and national collaboration are essential to ameliorate the effects of major abiotic and biotic constraints, and food quality problems that currently limit the seed yield potential, domestic consumption and export of dry and snap bean. This comprehensive, multidisciplinary, and multi-state collaborative project is essential to maintain, monitor, and exchange pathogens, parental stocks and improved breeding lines and cultivars, to share research data among all related areas, and to allow a more efficient use of exotic germplasm. 
The accomplishments for this project during the last funding cycles have been well documented in numerous publications and recognized by other scientists (i.e. WAAESD Excellence Award). The collaborative project offers a broad range of selection environments whereby researchers can share and complement findings and advances. Moreover, a coordinated, multidisciplinary effort will allow the efficient shared use of genetic resources, avoid duplication of research, and maximize efforts to increase bean production, consumption, and export. The W-1150 team includes both young and experienced scientists, which provides a good balance between new cutting edge technologies, but also the expertise and results gained through years of scientific work. Long-term collaboration among a multi-disciplinary group of scientists enables the multi-state W-1150 project to conduct core research activities and to possess the ability to rapidly address new challenges identified by stakeholders. Based on this feedback from stakeholders, the W-1150 group proposes to continue to enhance genetic resistance to biotic and abiotic stresses. Exotic bean germplasm needs to be characterized and utilized to broaden the genetic base of the crop. Improved nutritional and quality traits promise to enhance the health benefits and utilization of beans. Improved agronomic/production practices should lead to more efficient and sustainable bean production systems. 

Related, Current and Previous Work

The following is a list of the most important accomplishments and current research activities of the W-1150. Refer to Appendix 1 and preceding annual reports for more specific details on previous research activities and results.

Biotic Stresses:

Common bacterial blight: Characterization of Xanthomonas axonopodis pv. phaseoli (Xap) isolates using PCR-based probes and host response continues. The Xap (non-fuscans) and Xanthomonas axonopodis pv. Phaseoli var. fuscans (Xcpf) strains are separable into genetically distinct bacteria (Mkandawire et al., 2004; Lopez et al., 2006; Duncan et al., 2008a). For the first time, a major gene conditioning resistance to specific strains of Xap is being confirmed (Zapata et al., 2009). The SU91 QTL on LG 8 appears to be the most important QTL with the effect of other QTL dependent upon its presence. A combination of traditional and marker-assisted breeding has been used to transfer the major QTL from exotic sources into the major dry bean market classes (Mutlu et al., 2005a), resulting in the release of many advanced lines and cultivars with improved levels of CBB resistance.

Halo blight/Bacterial Brown Spot: The last survey of Psp conducted by Lamppa et al. (2002) revealed Race 6 as the most prevalent race in North Dakota. Duncan et al. (2008b) identified and characterized resistance to Race 6 in the old pinto cultivar US 14, which was conditioned by two independent recessive genes. Miklas et al. (2009) tagged and mapped the Pse-1 gene, which conditions resistance to Psp races 1, 5, 7, and 9, to linkage group 10. Recent severe outbreaks of halo blight in some production areas (e.g. Wyoming), emphasizes the need to renew pathogen variability surveys, and to continue breeding efforts to deploy and enhance resistance to this disease.

Bacterial Wilt: The pathogen (Xanthomonas axonopodis pv. phaseoli) is a frequent problem in states such as Colorado and Nebraska. This pathogen is considered an A2 quarantine pest in Europe and is subject to phytosanitary regulations in some countries (EPPO/CABI, 1997). Research during the last 5 years has focused on limited evaluation of commercial cultivars, germplasm and selections from the USDA-GRIN Core Collection against local isolates of the bacterial pathogen from Nebraska (R. Harveson and C. Urrea) and Colorado (H. Schwartz and M. Brick). Results have been variable and may reflect differences in pathogenic isolates, environmental conditions, inoculation methodology, etc. Previously reported resistant great northern ‘Emerson’ and PI 165078 (Coyne and Schuster, 1976), were consistently resistant in Colorado tests with yellow, orange, and purple isolates of the pathogen (Schwartz et al., 2009b). Inheritance of resistance has been variable (quantitative, recessive) in earlier research (Coyne and Schuster, 1971); but there is no additional information on inheritance in recent cultivars and lines such as Resolute (great northern), Agrinto (pinto) and Early Rose (pink) with resistance to bacterial wilt in Canada (Huang et al., 2007). 

Geminiviruses: Prominent, whitefly-transmitted Begomoviruses currently threatening bean production (Brown, 1994; Brown et al., 1999; Faria et al., 1994; Garrido-Ramirez et al., 2000; Gilbertson et al., 1993; Idris and Brown, 1998) include Tomato yellow leaf curl virus from Israel, which was recently introduced in the U.S. Sunbelt States and the Caribbean Basin (Bird et al., 2001; Nahkla et al., 1994); Bean golden mosaic virus (BGMV) prominent in S. America; Bean golden yellow mosaic virus (BGYMV) and relatives prevalent in the Florida, the Caribbean Basin and Central America. Resistance to BGYMV has been well characterized by W-1150 researchers who have identified numerous genes, bgm-1, bgm-2, and bgm-3, which reduce leaf chlorosis (Osorno et al., 2007; Velez et al., 1998), and the Bgp-1 gene which prevents pod deformation (Acevedo-Román et al., 2004). Dominant resistance conditioned by Bdm-1 gene, widely distributed within the Middle American gene pool, blocks the long-distance movement of BDMV (Seo et al., 2004). Deployment of resistance using MAS (Beaver and Miklas, 1999; Urrea et al., 1996; Singh et al., 2000) and traditional breeding combined with IPM strategies significantly controlled the threat of BGYMV in the Caribbean Basin and elsewhere. The University of Puerto Rico released numerous cultivars with resistance to BGYMV (Beaver et al., 2008; Blair et al., 2006; Beaver et al., 2005, Rosas et al., 2005). BGYMV is no longer an important bean disease in Puerto Rico after the deployment of resistant cultivars (Osorno et al., 2007). However, BGYMV continues to cause significant yield loss in the Dominican Republic and Haiti where most bean cultivars are susceptible to BGYMV. 

Potyviruses. The seed-borne Bean common mosaic virus (BCMV) and related Bean common mosaic necrosis virus (BCMNV) are the most economically important potyvirus diseases of bean worldwide. Other potyviruses problematic in bean include Bean yellow mosaic virus (BYMV), Clover yellow vein virus (CLYVV), and Peanut mottle virus (PeMoV). Some of these potyviruses, namely ClYVV, contribute to the virus disease complex along with Cucumber mosaic virus (CMV) and Alfalfa mosaic virus (AMV) which has plagued snap bean production in the Great Lakes region since 2001 (Grau et al., 2002; Larsen et al., 2002). The host-virus interaction is well defined for BCMV and BCMNV. Markers have been generated for the dominant I gene, and strain specific recessive resistance genes bc-12 and bc-3, and then successfully applied toward MAS of improved germplasm (Vandemark and Miklas, 2005; Miklas et al., 2006b).

Rust: Two new races of rust have been recently reported in Michigan and North Dakota. The new races have reoccurred in Michigan since 2007 and in North Dakota since 2008. Preliminary results are showing that both races are similar, but not identical (Markell et al., 2009). Resistance to both races is conditioned by the Ur-5, Ur-11, and CNC genes. A new source of resistance was mapped to LG 4 near the Ur-5 and Ur-Dorado108 loci in black bean populations derived from Tacana (Wright et al., 2008, 2009). Several new cultivars with different combinations of rust resistance genes have been released. Salient among these are six unique great northern bean germplasm lines named BelDakMi-RMR-8, to -13. These are the first great northern beans that combine four genes for rust resistance and two genes for resistance to the two bean common mosaic potyviruses. These beans combine two Andean (Ur-4 and Ur-6) and two Middle American (Ur-3 and Ur-11) rust resistance genes (Pastor-Corrales et al., 2007). Other rust resistant cultivars include great northern bean cultivars ABC-Weihing (Ur-3 and Ur-6) (Mutlu et al., 2008), and Coyne (Ur-3 and Ur-6) (Urrea, et al., 2009a), and Pinto CO46348 (Ur-4 and Ur-11) (Brick et al., 2008). In the case of soybean rust, the common bean lines Compuesto Negro Chimaltenengo (CNC) and PI 181996 were among the most resistant to all six isolates. Inheritance of SBR resistance in CNC was studied by crossing Mx309/CNC. Based on severity, the segregation for SBR resistance in the F2 population fit a 9 resistant to 7 susceptible ratio.
White mold. There have been many incongruities between field and greenhouse evaluations, and results obtained across locations (Otto-Hanson and Steadman, 2007). The efficacy of three S. sclerotiorum inoculation methods, namely, infected oat seeds (IOS), detached infected flowers (DIL), and cut-stem (CS) was compared in the greenhouse (Terán and Singh, 2009a). The IOS method was least effective in separating among resistant, intermediate, and susceptible dry bean genotypes. While the DIL and CS methods were equally effective, it took twice as long to inoculate each plant with the DIL compared to the CS method. Partial white mold resistance was found in P. coccineus (Gilmore et al., 2002), and in other secondary gene pool species (Singh et al., 2009a) and common bean accessions (Grafton et al., 2002; Steadman et al., 2001). White mold resistance was derived from congruity backcrossing with a P. coccineus accession and from recurrent backcrossing with a P. costaricensis accession (Singh et al., 2009a, b). Griffiths et al. (2004) developed a snap bean breeding line Cornell 501 with partial resistance. Light red kidney, dark red kidney and black bean breeding lines were developed primarily by selection in greenhouse tests using snap bean lines NY 6603 and NY6333 (Griffiths, 2009). A highly resistant dry bean breeding line A 195, identified by Singh et al. (2007a), and the USPT-WM-1 pinto breeding line with ICA Bunsi derived resistance released by Miklas et al. (2006a) have performed well in the national white mold nursery as well. Ender and Kelly (2005) detected QTL located on linkage groups B2, B5, B7, and B8 for white mold resistance in an ICA Bunsi/‘Raven’ dry bean population. Miklas et al. (2007) identified two QTL located on linkage groups B2 and B3 conditioning ICA Bunsi-derived resistance. Maxwell et al. (2007) identified five QTL for greenhouse resistance on linkage groups B1, B2, B8, and B9, and one QTL in G 122/CO72548 dry bean population. Marker-assisted selection for select white mold resistance QTL shows promise as demonstrated by Miklas et al., (2007) and Ender et al. (2007).

Root rots: Root rot of dry bean is a yield-limiting disease problem for growers in the North-Central region of the U.S. (Bradley and Luecke, 2004). In North Dakota and Minnesota, Fusarium solani was considered to be the most common causal agent of root rot followed by Rhizoctonia solani (Venette and Lamey, 1998). However, recent findings have highlighted the ability of other Fusarium species to cause root rot in dry beans (Bilgi et al., 2007; Gambhir et al., 2008). Little is known about the prevalence and virulence of the four subspecies of Rhizoctonia solani that are found on common bean. Crops grown in rotation with beans, such as sugar beets, are also hosts for R. solani. Cramer et al. (2003) found low genetic diversity among 166 isolates of the Fusarium wilt pathogen from the U.S. Central High Plains using RAPD markers. Resistance to Fusarium wilt in race Durango dry beans CO 33142 and Fisher were controlled by a single dominant gene, whereas polygenic control (h2 ranged from 0.25 to 0.60) was found for resistance in race Mesoamerica cultivars Rio Tibagi and Jamapa (Cross et al., 2000; Velasquez and Schwartz, 2000). In addition, limited research has been conducted on Aphanomyces euteiches f.sp. phaseoli, but this fungus occurs frequently in the sandy soils in the Upper Midwest. 
Anthracnose. Two new sources of anthracnose resistance within the Andean gene pool were identified in germplasm from Brazil (Gonçalves-Vidigal et al., 2008, 2009; Vidigal et al., 2007). The two independent genes were identified as Co-12 in Jalo Vermelho and Co-13 in Jalo Listras Pretas and represent unique resistance patterns. These are significant findings as the multiallelic Co-1 locus with five alleles was the only resistance sources previously known in Andean germplasm. This is particularly important given the recent breakdown of the Co-12 gene by race 105 in Manitoba. The rapid evolution of this new race underscores the need to monitor the pathogenic variability in different production areas. The availability of new resistance genes of Andean origin offers breeders more choices for pyramiding genes with the more common Middle American resistance sources.

Abiotic Stresses. 

Heat tolerance. High average maximum daytime (> 30°C) and minimum nighttime (> 20°C) temperatures can significantly affect common bean yields (Singh, 1995). Considering rising temperatures due to global warming, heat tolerance needs to play an increasingly important role in common bean breeding programs. Collaborative work within the W1150 has resulted in improved selection techniques focused on tolerance to high temperatures during reproductive development (Porch, 2001; 2006), the identification of improved sources of heat tolerance for breeding (Rainey and Griffiths, 2005a), the elucidation of the genetics of heat tolerance (Porch et al., 2004; Rainey and Griffiths, 2005b), and the generation of improved common bean cultivars (Beaver et al., 2008). Due to the coincidence of high temperature stress with other abiotic and biotic stressors, current breeding work has focused on the pyramiding of multiple stress tolerance in several major market classes. 

Drought tolerance. Early genetic studies found that drought tolerance, measured as yield, was an additive trait that interacted with the environment (White et al., 1994). A wide range of heritabilities (0.09 to 0.80) were reported depending on environmental conditions and market class of the bean lines evaluated (Schneider et al., 1997; Singh, 1995). A few cultivars, such as Matterhorn (Kelly et al., 1999), have been released as drought tolerant in the U.S., but other lines with tropical and/or temperate adaptation have previously been identified with drought tolerance including: A686, Negro Vizcaya, L88-63, B98311, G21212, SEA 5, SEA 15, SEN 10, SEN 21, SER 16, SER 21, SER 22, Pinto Villa, RAB 651, RAB 655, Viva, G 13637, San Cristobal 83, ICA Palmar, LEF 2RB, and AC 1028. Exotic germplasm evaluation and conversion has played an important role in the incorporation of new traits into U.S. germplasm. The cultivars Beryl and Matterhorn and CIAT’s line SER 22 showed the highest yield under non-irrigated and irrigated conditions (Urrea et al., 2009b). In another study in 2007 and 2008, 29 drought-tolerant tropical germplasm lines were evaluated under non-stress and drought stress conditions in Puerto Rico, leading to the identification of superior genotypes for breeding and genetic analysis (Porch et al., 2009b). Adapted germplasm from the U.S. and CIAT core germplasm collections, elite U.S. cultivars, and advanced breeding lines were also evaluated in Nebraska and Puerto Rico under drought stress and non-stress conditions, and about 300 genotypes were determined to be photoperiod insensitive and adapted (Urrea and Porch, 2009). 

Nutritional Value. Type 2 diabetes, and cardiovascular diseases in the U.S. could be prevented or alleviated by increasing bean consumption (Anderson et al., 1984; Tietyen-Clark, 1986). Even more, some studies suggest that the consumption of beans can delay the onset of symptoms of HIV in patients (Wong et al., 2006).Therefore, identification and promotion of the health-benefits of dry beans is extremely important. The health benefits of beans was recently underscored by the funding by USDA-NIFA of $4 million for a Coordinated Agricultural Project (BeanCAP) to support research on the discovery of genes related with nutritional and health traits in beans. Current research in bean nutrition and quality includes the Cornell evaluation of 400 to 500 lines and cultivars each season for yield and processing quality. The relative ability of bean extracts to inhibit lipid peroxidation was ranked by color class, with red beans having the highest value, followed by brown, black, and white (Beninger and Hosfield, 2003). Antioxidant activity was most strongly related to quantity of condensed tannins (proanthocyanidins). Beans devoid of condensed tannins had low antioxidant activity. In addition, Fe and Zn bioavailability was evaluated using in vivo studies with pigs fed a 37% bean diet of either white or red bean cultivars. It was concluded that bean color does not affect Fe or Zn bioavailability in vivo and that beans are a good source of bioavailable Fe and Zn (Tako et al., 2009). One of the major factors contributing to the difficulty digesting beans is the raffinose and stachyose oligosaccharides present in dry bean seeds. Genes involved in the production of these sugars have been identified in pea (Pisum sativum), soybean (Glycine max), and adzuki bean (Vigna angularis) (Peterbauer et al., 2002). There have also been low raffinose and stachyose genotypes developed in pea and soybean via genetic engineering and chemical mutagenesis (Polowick et al., 2009; Kerr and Sebastian, 2000). Results have shown that although bean fed and control mice had similar degrees of obesity, bean fed mice had lower levels of inflammatory markers in their blood. Fermentation of bean fiber accounts for more than 50% of the gas associated with eating beans. However, oligosaccharides may function as prebiotics and many researchers contend that prebiotics help maintain a healthy colon. The addition of cooked, freeze-dried, and milled dry bean powder were fed to laboratory rats used to determine if bean had an effect on post initiation phase of chemically-induced mammary carcinogenesis compared to the standard diet without bean. Dry bean consumption reduced cancer incidence from 95% in the control to 67% in animals fed beans in the diet (P< 0.001) and cancer multiplicity from 3.23 tumors per animal to 1.46 per animal, respectively (Thompson et al., 2009). Dry bean market classes differed for anticancer activity (P = 0.038), but anticancer activity was not associated with ORAC, phenolic or flavonoid content, seed coat color, or nutrient content assessed by a proximate analyses. Dry bean market classes from the Andean center of domestication (COD) had greater anticancer activity than those from the Middle American COD (p=0.007), and dry beans from race Nueva Granada were more protective than those from race Mesoamerican (p=0.0083). 

Characterization/Utilization of exotic germplasm. The use of exotic germplasm as a source of genetic diversity is of key importance to broaden the genetic base of both dry and snap beans. The traits that distinguish wild and domesticated beans have been described (Gepts and Debouck, 1991). They include growth habit, seed dispersal and dormancy, pod and seed size, pigmentation, and photoperiod sensitivity. Alleles and QTL controlling these traits have been identified and mapped (Koinange et al., 1996). Thus, alleles and QTL that should facilitate exotic germplasm conversion are the St for pod string, a QTL for seed dormancy, fin for growth habit, and ppd and hr for insensitivity to photoperiod. A candidate gene for the fin locus has been identified, which facilitates marker-assisted selection of this recessive trait in backcrossing procedures for conversion (Kwak et al., 2009). Conversion programs can produce genotypes that are more adapted and breeder-friendly, which significantly reduces the amount of linkage drag usually observed when using exotic material, saving a lot of time and resources for breeding programs. In addition, the study of the genetic and molecular basis of the principal domestication traits will speed the introgression and pyramiding of favorable alleles and QTL especially from wild beans. In United States, common bean grows outside of the range of its native pollinators and seed set is generally 95% selfed. However, insect tripping of flowers may increase seed yield in determinate market classes by encouraging fertilization of more embryos within a pod (Ibarra-Perez et al., 1999). If pollinating insects, such as bumble bees, are present, domesticated common bean will outcross from 0-78% in the U.S. (Ibarra-Perez et al., 1997), depending on the population density of pollinators. Seeds in a pod may show multiple-paternity, with up to three male parents detected in the same pod (Ibarra-Perez et al., 1996). Common bean flowers are not attractive to honeybees, but they are to some species of bumble bee (Bombus sp.) in the U.S. and carpenter bee (Xylocopa sp.) in Puerto Rico (Brunner and Beaver, 1989), where extensive outcrossing was used to increase genetic variability in populations prior to selection (Bliss, 1980). 

Genomics/Marker Assisted Selection. Bean breeders have been among the first to adopt and widely implement marker-assisted selection in breeding programs, in most cases to select for disease resistance. Breeders have sought to pyramid different genes conferring resistance to different strains of the same or different pathogens. To date some 70 markers have been published tagging major genes or QTLs for disease resistance (Kelly et al., 2003; Miklas et al., 2006b; SCAR markers table, 2009: http://www.css.msu.edu/bic/PDF/SCAR_Markers_2009.pdf; P. Gepts, unpubl. results). In most cases, RAPD markers linked to important traits were sequenced and primers were designed in order to convert them to SCAR markers. This is a cumbersome process that could be greatly improved with the availability of a whole-genome sequence. In the mean time, the soybean sequence can be used as a reference sequence against which Phaseolus sequences can be mapped (Repinski and Gepts, 2009). 

National/Regional Nurseries. As mentioned previously, this multi-state project coordinates four nurseries grown every year: The Bean Rust Nursery (BRN) grown in Beltsville, MD, the national Cooperative Dry Bean Nursery (CDBN) grown at 12 locations across the country, the Midwest Regional Performance Nursery (MRPN) grown in four states, the White Mold Nursery (WMN) grown at seven locations, and the Western Regional Bean Trial (WRBT) grown in four states. These nurseries have facilitated the evaluation of genotypes across multiple environments and consequently, the release of several cultivars and germplasm lines that have been used in more than one production area. Private bean breeding programs are invited to submit genotypes to the CDBN, which allows mutual benefits, communication, and collaboration among the public breeding programs and the private sector. In addition, these nurseries provide long-term databases with genetic and agronomic information that can be used as a tool to estimate genetic gains achieved over time by the bean scientific community.

Objectives

To contribute to global food security, improved human nutrition, and adaptation to climate change by:

1. Improving bean yield potential by incorporating resistance/tolerance to major biotic and abiotic stresses, broadening the genetic base, developing genomic resources, and coordinating field trial nurseries. Sub-objectives: 1a) Facilitate the genetic elucidation and breeding for resistance to bacterial, fungal, and viral diseases, facilitated by monitoring and characterizing pathogen variation. 1b) Advance in the genetics and breeding for tolerance to heat and drought in response to global climate change. 1c) Broaden the genetic base of major bean market classes by characterizing and using exotic germplasm. 1d) Develop and utilize genomic resources for marker-assisted breeding. 1e) Coordinate and expand national and regional bean trials.
2. Identify and implement sustainable agricultural systems that improve bean seed yield, conserve natural resources, and protect the environment. 

3. Characterize the genetic control and physiology of nutritional and processing quality traits in bean and elucidate the health benefits of bean consumption. 

Methods

The overall strategy is based on collaborative research of constraints shared across different production regions. This collaboration includes germplasm and pathogen exchange, sharing of protocols and techniques (e.g. DNA markers, virus isolates and infectious viral clones, field/greenhouse/lab. screening methodologies, etc.), regional nurseries and trials, and screening of genotypes for the traits of interest. As a result of this exchange of knowledge and material, breeding projects will be able to introgress and pyramid favorable alleles and QTL for enhanced seed yield potential, nutritional value, and resistance to multiple abiotic and biotic stresses using a multi-disciplinary and multi-institutional team approach. To accomplish these objectives, our research activities are divided into various sub-projects (see Appendix 2) in which researchers from two or more participating states and institutions conduct research on each major problem as a team. To identify and set priorities, all W-1150 participating researchers and stakeholders (such as growers and industry), will be periodically consulted about production problems and deficiencies in the available germplasm. 

A broad genetic base that allows discovery of novel and useful genes and the utilization these genes is the first step to guarantee success. This first step is accomplished in great part, by facilitating collaborative breeding efforts between programs, identifying common goals, and exchanging material. Additional genetic variation is also introduced into the breeding programs via germplasm conversion. Often a three-tiered breeding approach described by Kelly et al. (1998), and used by the W-1150 project for FY 2000-2005 will be implemented wherever appropriate. Although not described separately in this project, our general strategy for yield improvement is to use high yielding breeding lines and cultivars as the base parents for crosses in each project. The selection of parents is based on the understanding of how bean genetic diversity is organized. Therefore, the concept of evolutionary origin, gene pools, races (Gepts 1998; Singh et al., 1991), and combining ability, along with traits of primary interest are considered for parental selection, crossing, and population development in each project. Concurrently, evolutionary information on pathogen diversity and origins of diversification are also important as Andean and Mesoamerican strains of certain pathogens have been identified (Gepts and Bliss, 1985; Guzmán et al., 1995; Geffroy et al., 1999; Mkandawire et al., 2004). Breeding methods and selection techniques employed vary from project to project depending upon the type of population, genetic distance between parents used, inheritance of the traits under improvement, screening or evaluation methods employed, breeding objectives, and resources available. 

For diseases caused by variable pathogens, plant samples and/or pathogen isolates are collected and sent to the lead researcher (e.g., Fusarium to Schwartz, geminiviruses to Brown and Gilbertson, Xcp/Xcpf and Psp to Gilbertson, potyviruses to Larsen and Miklas, Sclerotinia to Steadman, and Uromyces to Pastor-Corrales) for characterization using conventional as well as cutting-edge PCR-based fingerprinting and other techniques. Similarly, the W-1150 researchers strive to develop and improve upon the laboratory, greenhouse, and field techniques for efficient and economical screening of germplasm, segregating populations, families, breeding lines, and cultivars. This information is freely shared with the rest of the group so the methods can be used in different programs. Promising germplasm and improved breeding lines and cultivars from all breeding projects are systematically tested yearly in the regional and national project nurseries (BRN, CDBN, MRPN, WMN, and WRBT), for agronomic performance, seed yield, nutritional value and cooking qualities, and reaction to major abiotic and biotic stresses. Subsequently, the most promising breeding lines are tested in state and regional trials and in farmers' fields for identification, release, and commercialization of new cultivars. Due to the inter-disciplinary, inter-institutional, multi-state nature of this collaboration, improved cultivars and germplasm is often released jointly among two or more institutions. This collaboration is facilitated by discussions and work plans made during the annual W-1150 meetings. 

Specific research procedures for the biotic and abiotic stresses currently included in the project can be found in the previous version of the W-1150. The following are the new components added to the project or modified from the previous, based on feedback from scientists and other stakeholders: 

Objective 1: Improving Yield Potential

Subobjectives 1a and 1b - Resistance and pathogen variability for biotic stresses:

Bacterial diseases

Bacterial Wilt. Subsets (representing a range of seed colors and origins) of the Phaseolus vulgaris core collection – Mexican Subgroup accessions and the combined Latin American Subgroup accessions will be screened for reaction separately to yellow, purple, and orange bacterial wilt isolates at multiple locations. In addition, a subset of currently-grown cultivars from various market classes grown in the U. S. will be also evaluated . The accessions and other candidate germplasm will be screened using the cotyledonary node inoculation method. In addition, there will be efforts to develop insight into the molecular basis of host-pathogen interaction and conduct QTL analysis of new bacterial wilt resistant sources to complement other genomic approaches within the W-1150 project.

Common bacterial blight. Xap isolates from across the U.S. will be monitored and characterized for morphological characteristics, brown pigment production, rep-PCR fingerprinting, and pathogenicity on select Andean and Middle American beans. Approximately 100 to 200 RILs developed from each of Othello/VAX 1, Othello/VAX 3, Red Hawk/VAX 3 and other crosses, will be evaluated for CBB reaction in the greenhouse using the multiple-needle inoculation method and in field trials under natural and artificial inoculation. Data will be used to identify new resistance QTL. A set of Xap strains (UPR-Zapata) with differential reactions will be used to characterize and attempt to identify additional genes for resistance. The SAP6-linked QTL marker is associated with dominant resistance to common bacterial blight, but the marker has limited utility for MAS in Middle American background. Inbred populations segregating for this gene will be used to identify a new marker with broader utility for MAS. Fine mapping of major QTL (SU91 and BC420) will continue in collaboration with Canadian researchers. Backcross inbred near-isogenic lines for major QTL and gene combinations will be used for fine mapping and examining potential yield drag effects from deployment of the QTL in different backgrounds. Development of cultivars with improved resistance to CBB using MAS and traditional breeding will continue for the major common bean market classes. 

Halo blight/Brown Spot. The races represented by Psp isolates sampled across regions will be determined primarily by inoculation of host differentials. Isolates will be assessed for phaseolotoxin production using a bacterial growth inhibition assay and for the presence of the phaseolotoxin gene with gene-based PCR primers. Subsequently, they will be characterized by repetitive element PCR to assess whether Psp races have distinct DNA fingerprints when tested by the rep-PCR method. Strains of the brown spot pathogen (Pseudomonas syringae pv. syringae, Pss), will be similarly characterized, as there has been a resurgence of this disease in some states in the Midwest. Thus, there is a need to characterize strains associated with these outbreaks. Approximately 100-150 RILs developed from each of Canadian Wonder (CW)/ZAA 12, Kranskop/HR-Kranskop, and other crosses will be evaluated for halo blight reactions in the greenhouse and under field conditions. These populations will be used to characterize existing and identify novel genes and QTL. Markers with utility for MAS of the genes/QTL conditioning resistance to halo blight will be developed. 

Fungal diseases

Anthracnose. We will continue to monitor the pathogenic variability of anthracnose isolates occurring in the major production areas to ensure that the resistance gene pyramids being incorporated into new cultivars continues to be effective. With the rapid emergence of race 105 in Manitoba which defeats the Andean Co-12 gene in the cultivars Kaboon and Envoy, breeders need to be aware of the changing race structure of the pathogen to ensure that effective resistance genes are being deployed in their breeding programs. Breeding efforts will continue to introgress the Co-42 gene into all commercial market classes commonly grown in the Midwest.

Root rots. Fusarium species: Disease surveys will be conducted and root samples collected from ten plants in each grower field. Pathogen isolation and identification will be conducted using standard microbiological methods followed by molecular confirmation using PCR and sequencing. A sand-cornmeal inoculum layer method (Bilgi et al., 2008) will be used for evaluating pathogenicity of the Fusarium isolates under greenhouse conditions. Breeding lines of different market classes from resistant x susceptible crosses will be screened in the greenhouse and field for Fusarium root rot and Fusarium wilt pathogen isolates from the Central High Plains and Michigan. Also, PCR-based marker techniques will be used. Promising breeding lines will be tested in adaptation nurseries and yield trials across the country. For Rhizoctonia species, a pot test with inoculum consisting of mycelia applied to the seeds of the host plant in a soil similar to the local soil type will test both virulence on differential bean lines and resistance of breeding lines. Subgroups can be identified by morphology, mycelial compatibility (anastomosis groups), and use of informative primers.

Rust. New sources of Andean and Middle American beans with resistance to the broadest spectrum of rust pathogens will be identified. They will be crossed with susceptible genotypes to study the genetics of resistance, and to identify and tag resistance alleles. A new set of host differentials that includes six Andean and six Middle American beans, as well as molecular tools, including the elongation factor 1±, IGS, ITS, and others, will be used to determine pathogen diversity and its co-evolution with the common bean. In addition, we will continue to monitor the virulence diversity of the common bean rust pathogen occurring in the major production areas to ensure that the resistance gene pyramids being incorporated into new cultivars continues to be effective. The recent appearance of two new races of the rust pathogen in Michigan and North Dakota that overcome the Middle American gene Ur-3 and the Andean Ur-6, is a reminder of the need to continue monitoring the virulence and diversity of the rust pathogen in commercial production fields. The rising of these new races also demands that researchers continue to search for novel rust resistance genes, develop new effective molecular markers to facilitate the incorporation of different and effective rust resistance gene combinations, and use for the development of new common bean cultivars. In the same way, the search for new sources and genes for resistance to SBR will continue, in order to incorporate SBR resistance genes in selected common bean cultivars. 

White mold. To determine pathogen variation among mycelial compatibility groups of Sclerotinia, virulence, ribosomal DNA polymorphism, and microsatellites will be used. Further QTL discovery and analysis is proposed for the Benton/VA19, AB136/Red Kidney, G122/Taylor Horticulture and other populations. Fine mapping of select QTL will be attempted by leveraging synteny with soybean, and using differential gene expression in near-isogenic lines. A comprehensive map of white mold resistance QTL will be developed. Potential resistant germplasm and breeding lines will be subjected to multi-state greenhouse and field testing for identification of stable white mold resistance. New resistance sources will be used to further improve existing white mold resistance. Previously available interspecific breeding lines will be evaluated for white mold in the greenhouse and field, and new sets of breeding lines will be developed from pinto bean x P. coccineus crosses. Six new breeding lines, Cornell 607 (DRK), Cornell 608 (DRK), Cornell 609 (Black), Cornell 610 (Black), Cornell 611 (DRK), and Cornell 612 (DRK) will be tested in future multi-state trials. 

Viral diseases

Geminiviruses. Efforts will be focused in three major areas: 1) biotic and molecular characterization of emerging bean-infecting begomoviruses, 2) application of P. vulgaris genomics, in relation to begomoviral pathogenesis and herbivory of phloem-feeding homopteran insects (Homoptera/Hemiptera), and 3) identification and genetic characterization of geminivirus resistance genes including generating markers for MAS (e.g. markers for Bgp-1). For characterization studies, geminiviruses causing curly top in common bean in the Western U.S., will be monitored by PCR probes. Positive samples not detected with the specific primers will be further examined by DNA sequencing of PCR-amplified fragments. In terms of the application of genomics, efforts will be made to clone the dominant resistance gene for BDMV. For gene identification, putative novel resistance to curly top in G122/T. Hort. RIL population will be characterized, and tagged with DNA markers. Progeny lines from Morales/BAT 93 and PR9771-3-1/BAT 93 populations will be evaluated for reaction to BGYMV in an effort to tag the bgm-2 and Bgp-1 resistance genes. Examination of existing genes conferring resistance to specific geminiviruses will be characterized for broad effect against geminiviruses in general using existing RIL populations. Vigilant monitoring of geminivirus variability and of new species which threaten bean will continue. 

Potyviruses. W-1150 researchers will continue to work closely with the snap bean industry to monitor the aphid-transmitted virus complex in the Great Lakes region and emergent potyvirus problems in general. Pyramiding resistance genes to control potyviruses in snap bean will continue as an objective. Genetic probes will be developed to monitor strain variability and host resistance will be sought and characterized for emergent or re-emerging potyviruses including Peanut mottle virus, BYMV, and ClYVV. Resistance linked markers will be identified and improved to facilitate marker-assisted selection. 

Subobjective 1b. Abiotic stresses: 

Heat. Collaborative breeding for heat tolerance in the dry bean and snap bean market classes will continue under both greenhouse conditions (32°C/28°C; day/night) in NY and under hot summer field conditions (35C/24°C) in Puerto Rico. Thus, both high day and high night temperature conditions will be effectively tested using both environments. The greenhouse temperatures will be set at 32°C day and 28°C night 10 d prior to the earliest anthesis at Cornell University. Phenotypic selection of advanced lines will be based on yield components, including seed yield, pod number, and 100 seed weight and on flower and pod abscission and seed and pod (for snap bean) quality. Improved heat tolerant germplasm is being developed in the snap bean and in the black, kidney, pinto, and small red market classes using pedigree selection and recurrent selection. Advanced lines selected for drought tolerance through a shuttle breeding program between PR and NE will be tested for heat tolerance and superior lines selected. In addition, intra-gene pool RIL populations will be developed and QTL analysis of heat tolerance will be completed using parents adapted to tropical and temperate environments.

Drought. Putative sources of drought tolerance will be evaluated in a new annual trial, the Dry Bean Drought Nursery (DBDN). The shuttle breeding program between Puerto Rico and Nebraska will continue through the introgression of diverse sources of tropical drought tolerance. Segregating populations will be evaluated in drought stress (DS), non-stress (NS) environments, and under root rot pressure in at least three states. DNA from F4 plants of the corresponding F4:6 individuals will be extracted and used to generate a genetic map of the RIL populations using CAP, microsatellite, and newly developed SNP markers. Putative QTLs will be detected and significant association between drought tolerance and marker genotype will be determined. Finally, an attempt will be made to introgress drought tolerant genes into cultivated beans through the generation of high-yielding, drought-tolerant germplasm and cultivars. The primary approach will involve traditional breeding, but molecular markers will be used for marker assisted selection as these new tools are developed.

Subobjective 1c. Characterization/Utilization of Exotic Germplasm: 

Conversion of exotic germplasm will continue to be focused on traits of critical importance in the U.S. Selected exotic germplasm for root rot, common bacterial blight, rust, and angular leaf spot disease resistance, for Empoasca insect resistance, and for drought, heat, and low fertility tolerance will be converted. General adaptation and the introgression of photoperiod insensitivity (ppd) will be achieved through the use of recurrent parents representing major market classes in the U.S. Alternating cycles of hybridization and selection for the target traits will be coordinated with W1150 collaborators. Additionally, alleles for growth habit and photoperiod insensitivity will be investigated in order to develop tightly-linked markers to these important traits. F1 heterosis for seed yield in common bean may be considerable, up to 174% above the mid-parent and 146% above the high parent in a cross between growth habit type I and type III (Neinhuis and Singh, 1986). A cytoplasmic male sterility system (CMS) requires an adequate fertility restorer system in the field (Mackenzie and Bassett, 1987; Mackenzie, 1991; Myers and Baggett, 1999). A genetic male sterility system (GMS) requires the ability to separate male-sterile seeds from male-fertile seeds before planting, or male-sterile seedlings from male-fertile seedlings before flowering in the field. Both CMS and GMS systems require an efficient pollinator system in the field in the U.S. This may be achieved by selecting an easily managed insect pollinator such as bumblebee (Ibarra-Perez et al., 1999), or by making bean flowers more attractive to a common pollinator such as honeybee (Gepts, 1998) in the U.S., or by moving production of F1 hybrid seed to a tropical country where pollinators are common. The causes of the difference in attractiveness between common bean (predominantly selfing; non-preference by insect pollinators) and runner bean (predominantly outcrossing; preferred by insect pollinators) will be investigated by comparing the chemical composition and quantity of nectar and aromatic volatiles produced by flowers of the two species.   

Subobjective 1d. Genomics/Marker Assisted Selection:

Sequenced DNA allows us to better understand how genes function and interact to form the transcriptome. Several sources of DNA sequences have become available and more will become available in the future. Among existing sources of DNA sequences are some 90,000 BAC-end sequences resulting from the construction of a draft physical map (Schlueter et al., 2008) and an increasing, but still insufficient number of Expressed Sequence Tags (EST) (N~ 80,000; Ramirez et al., 2005; Melotto et al., 2005; Thibivilliers et al., 2009; K. Bett, pers. comm.). Within one to two years, significant additional sources of DNA sequence will become available. First, a whole-genome sequencing project, funded by USDA/NIFA/AFRI/Plant Genome and complemented with funds of the American Recovery Act, will provide an estimated 20x coverage of the entire bean genome. It provides the ultimate genetic map of the common bean genome and allows comparison and transfer of genetic information among organisms through synteny and homology. In addition, a 1x gene sequence of methyl-filtrated genomic DNA of the breeding line BAT 93 has been generated, and was funded by the Kirkhouse Trust. This sequence will complement the whole-genome sequence effort. The genotypes sequenced in the two efforts belong to different gene pools: landrace G19833 of the Andean gene pool vs. breeding line BAT93 of the Mesoamerican gene pool, respectively. In addition, methyl filtration will focus sequencing on the expressed genome sequence, in contrast with the whole-genome sequencing effort, which will cover the entire genome. Bean DNA sequence information will be made available through several resources including the DOE-JGI plant genome sequence web site (www.phytozome.net) and a bean database currently in development at UCDavis (PhaseolusGenes), funded by the Kirkhouse Trust and the USDA-NIFA-AFRI-Plant Genome Bean Coordinated Agricultural Project (BeanCAP). The DNA sequencing and database-building efforts will contribute to the objectives of the W1150 multi-state project in several ways. First, new markers will be developed that are reliable and reveal polymorphisms between trait source genotypes and target cultivars, even when these are closely related. Second, the DNA sequence information will provide information on synteny with other legume species and model species such as Arabidopsis, which will assist in candidate gene discovery. Third, PhaseolusGenes will provide a repository for phenotypic and molecular marker polymorphism data, obtained during this and other projects.

Subobjective 1e. National/Regional Nurseries:

The winter nurseries in Puerto Rico will continue to allow W-1150 breeding programs to rapidly advance generations in their progenies, and multiply seed of breeding lines during the winter months. Winter nurseries also allow breeders to evaluate bean lines for relative maturity and other agronomic traits, in order to ensure broader adaptation of selected lines. Dry bean breeding programs on the mainland U.S. can screen bean breeding lines in the greenhouse for reaction to diseases or can use marker-assisted selection in the laboratory while the winter nursery is growing in Puerto Rico. This facilitates the selection of bean lines in the winter nursery. A new Dry Bean Drought Nursery (DBDN) will be planted at Nebraska every year to evaluate the tolerance of the genotypes to this important abiotic stress. In the same way, a new Winter Cooperative Dry Bean Nursery (WCDBN) will be conducted in Puerto Rico. We propose to compare the performance of bean lines in Puerto Rico with their performance in different bean production regions of the U.S. A multi-location analysis approach will be used to analyze the results from the CDBN and the WCDBN. Results from the analysis should help to determine how well the performance of bean breeding lines in Puerto Rico predicts the performance of bean lines in different bean production regions of the U.S. This information will provide breeders with a better idea of the degree of selection pressure that can be applied on bean lines in Puerto Rico. A similar approach will be used for other nurseries such as the MRPN and the WRBT in an attempt to estimate genetic gains across years and regions. The Bean Rust and White Mold Multi-state nurseries will give breeders a good evaluation of broad resistance to these two diseases.

Objective 2. Agronomy/Production systems:

This is a new area to be implemented in the project and inclusion was based on inputs from scientists and other stakeholders. To attain sustainable production of beans, research is needed to define more efficient production techniques with the minimum amount of inputs (Cogger, 2009; Parmenter, 2003). Three main areas will be considered: i) Nitrogen use efficiency and Biological Nitrogen Fixation (BNF), ii) Minimum tillage, and iii) Direct harvest systems. Research that identifies genotypes suitable for organic production will also be conducted. Nutrient-use efficiency, such as for nitrogen, might be improved by breeding bean market classes with a larger root system (Lynch, 2007); water and nutrient uptake in another self-pollinated crop plant, wheat (Triticum aestivum L.), was positively correlated with the size of the root system (King et al., 2003; Ehdaie and Waines, 2008). Highly inbred crops with a narrow genetic base, such as wheat, tend to have a small root system, in part because selection is generally practiced only on above ground organs (Waines and Ehdaie, 2007). Selecting bean cultivars with a larger root system might also improve tolerance to several other stresses such as drought and root rot diseases.  

Objective 3. Nutritional Value, Health Benefits, and Quality:

Nutritional quality traits. Since many members of the W-1150 project are also directly involved with the BeanCAP, there will be numerous opportunities for interaction among the two projects. This project will work closely with dry beans of different market classes which will be screened for in vitro antioxidant activity, total phenolic content, phenolic content, major individual phenolic compounds, resistant starch, indigestible protein, total soluble and insoluble fiber, and Lunasin homologues (anticancer peptides). Antioxidant capacity of processed beans will be assessed since antioxidant activity is known to be lost during cooking (Thompson et al., 2009). It is hypothesized that beans possessing the greatest in vivo antioxidant activity, the lowest glycemic index, and the greatest anti-inflammatory response will have cancer inhibitory activity compared to a control diet and to beans with low antioxidant and anti-inflammatory capacity. This hypothesis will be tested in a chemically induced mammary cancer experiment with rats. The potential for navy beans to mitigate the colon cancer enhancing properties of obesity, hyperglycemia, and hyperinsulinemia will be tested in a chemically induced colon cancer experiment in mice genetically predisposed to these conditions. 

Processing quality. All advanced breeding lines with potential to be released will be canned to ensure that canning quality is maintained or improved. Extrusion will be used to prepare prototype snack items made from beans. The snack items will be promoted as healthy snacks with intent to move continued product development and marketing to the commercial sector. Gluten-free flour will be produced for people suffering from celiac disease, for vegetarians, and for health-conscious individuals desiring alternate food choices that will provide protein and fiber. Reduced or oligosaccharide free flour will be produced by enzymatic hydrolysis of the tri- and tetraoligosaccharides to produce products for individuals concerned with flatulence. The variability in indigestible starch and indigestible protein will be determined in the nursery maintained at East Lansing (MI) to estimate inheritance of these traits. Identification of low raffinose and/or low stachyose genotypes would be valuable to improve consumer acceptance and expand market potential of dry bean. Screening populations of chemically mutagenized lines will be the approach employed to identify low raffinose and stachyose lines. An EMS mutagenized population of BAT 93 has been developed (Porch et al., 2009a) and approximately 2000 M4 lines will be screened for oligosaccharide content. Such an approach has been used to identify a low raffinose and stachyose line (75% total reduction) in soybean (Kerr and Sebastian, 2000; Dierking and Bilyeu, 2009). Additional mutagenized bean populations are also being developed in kidney, small red, and pinto market classes and these lines will also be screened for low oligosaccharide levels.

Measurement of Progress and Results

Outputs:

· New germplasm, improved breeding lines and cultivars of major market classes will be developed and released. The improved breeding lines and cultivars will possess high levels of resistance/tolerance to biotic and abiotic stresses. 
· A detailed understanding of the extent and nature of genetic diversity of the pathogens causing economically important diseases in the U.S. will be obtained. Similarly, new alternative methods of detection, inoculation, and/or screening environments for bean diseases will be developed. Together, this will help determine the most appropriate inoculation methods and the number and type of strains/isolates that need to be used for resistance breeding. 
· Germplasm exchange, and tropical germplasm characterization and conversion will provide researchers novel genes to broaden the genetic base of U.S. cultivars (e.g., new resistance genes to abiotic and biotic stresses). In addition, markers tightly linked to favorable alleles and QTL involved in domestication will be developed.
· Genomic information generated will help to understand the genetic control of many traits of interest. New genes for resistance/tolerance and nutritional attributes will be discovered. Concurrently, molecular markers for new resistance alleles and QTL for many diseases, abiotic stresses, and nutritional and processing quality traits will be generated from this project.

· Information generated on efficient production systems and agronomic practices that facilitate sustainable bean production will be shared with scientists, growers and other stakeholders.

· New information about the genes related to nutritional quality and health benefits of eating dry beans and snap beans will be produced and disseminated to consumers. Market classes of beans that have comparatively higher bioactivity to reduce the incidence of cancer and diabetes will be identified and this should provide some insight into whether we can breed for greater nutritional value. 
· Components of dry beans that impart health benefits will be identified. New value-added, bean-based snacks and convenience foods will be investigated as a way to increase overall bean consumption. 

Outcomes or projected Impacts:

· Improved high yielding bean cultivars resistant to multiple abiotic and biotic stresses (especially multiple-diseases) will dominate the regional and national production. Area planted to new cultivars may increase by more than 10% leading to substantial yield increases in the participating states. 

· Commercial value of new cultivars may exceed $250 million annually. 

· Adoption of multiple-disease resistant cultivars may reduce fungicide use by 25% or more resulting in savings to producers and in cleaner environment. 

· Bean productions systems that minimize certain inputs such as fertilizers, that allow direct harvest, and that still obtain competitive yields, will allow for more sustainable production.

· The genes responsible for several of the key nutrients and health-related benefits (including specific components that impart health benefits) of consuming different market classes of dry beans will be known. 

· Availability of new value-added, bean-based snacks and convenience foods are expected to increase overall bean consumption in the U.S. 

Milestones: 

(2011): New upright vine cranberry bean cultivar with excellent canning quality. Release of germplasm with drought and heat tolerance in several market classes. Complete evaluation of mapping populations in multiple locations. Development of a marker table listing all markers produced for common bean (i.e., DNA sequences accompanied with PCR conditions, including primers and annealing temperature)
(2012): Identification of additional QTL for yield under severe white mold pressure. Begin pyramiding drought tolerance with multiple abiotic and biotic stress tolerance. Generate genetic map for RIL population and evaluate RILs in multiple locations under drought stress. Understand variation of S. sclerotiorum for use of relevant isolates in screening. Annotation and mapping of 1x sequence of methyl-filtrated P. vulgaris sequence; addition of phenotypic data from bean breeders nurseries to PhaseolusGenes database in this and following year.

(2013): New navy and black bean cultivars with combination of anthracnose and common bacterial blight resistance. Perform QTL analysis on drought tolerance in RIL population
Molecular tools available for monitoring root rot pathogens. Incorporation of whole-genome sequence of Phaseolus into PhaseolusGenes genome database.

(2014): Broad-based anthracnose resistance in new pinto and great northern cultivars. Test lines with tolerance to multiple stresses, including drought, heat, and diseases. Test newly identified drought QTL markers in breeding lines for use in marker assisted selection (MAS). Snap bean lines and germplasm with MAS white mold resistance released. Generate information on chemical flower attractants of Phaseolus flowers obtained.

(2015): New pink and small red bean cultivars with common bacterial blight resistance. Release advance lines with multiple abiotic and biotic stress tolerance. Test MAS with newly developed QTL in segregating populations. 

Projected Participation

See List of Participants in Appendix 2.
Outreach Plan

Research results from each sub-project will be promptly published in refereed and non-refereed journals, extension bulletins, flyers, etc., and posted on the web sites of individual institutions or programs, including the Legume-ipm-PIPE system (http://legume.ipmpipe.org/cgi-bin/sbr/public.cgi) which is coordinated by one of the project members (Schwartz et al., 2009a). Breeding lines and cultivars will be extensively tested statewide, regionally (e.g., the Midwest Regional Performance Nursery and Western Regional Bean Trials), and nationally (e.g., the Cooperative Dry Bean Nursery), including on-farm strip-plantings of the most promising or outstanding genotypes in different cropping systems. Breeder, Foundation, Registered, and Certified seed of the new cultivars will be produced and distributed to bean growers and the seed industry. Field days will be held each year at or near crop maturity. In addition, the most important findings will be shared with all interested parties through workshops, news media, and electronic mail. The released cultivars and germplasm lines will be registered with the Crop Science Society of America, Bean Improvement Cooperative, or American Society of Horticultural Sciences, and seed deposited with the National Center for Genetic Resources Preservation. 

Organization/Governance

Present officers of the W-1150 Regional Project are: Chair, Carlos Urrea, University of Nebraska, Lincoln, Scottsbluff, NE. Vice-Chair, Steve Noffsinger, Seneca Foods Corp., Dayton, WA. Secretary, Rubella Goswami, North Dakota State University, Fargo, ND. Administrative Advisor, Donn Thill (assigned Dec. 2009), University of Idaho, Moscow, ID.

The directors of the various participating state institutions designate the W-1150 participating researchers, who elect the members or officers of the Technical Committee. The project is considered a Western Regional Research Project, but has always had substantial participation by states from other bean producing regions of the U.S. and USDA-ARS researchers. The Technical Committee officers are a Chairperson, Vice-Chairperson, and Secretary. Unless he/she declines to serve, the Vice-Chairperson will succeed the Chairperson. The Secretary is elected annually and the previous Secretary will succeed the Vice-Chairperson, unless he/she declines to serve. An election will be held if any officer declines to serve in his/her office. The officers will be elected from the officially designated representatives each year at the annual meetings. The Western Association of Agricultural Experiment Station Directors selects the Administrative Advisor who has no voting rights. 

The Technical Committee will meet annually, unless otherwise planned, at a place and on a date designated by a majority vote of the committee. Minutes will be recorded and an annual progress report will be prepared by the Technical Committee and submitted through proper channels. 
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Appendix 1

Related, Current and Previous Work

Biotic Stresses:

Common bacterial blight. This disease continues to constrain bean production east of the continental divide and its particularly problematic for seed producers due to seed borne nature of the pathogen. Characterization of Xap isolates using PCR-based probes and host response continues. The Xap (nonfuscans) and Xcpf (fuscans) strains are separable into genetically distinct bacteria. Xap was strongly associated with Andean common bean, whereas Xapf was associated with Andean and Middle American genotypes (Duncan et al., 2008a; Lopez et al., 2006; Mkandwire et al., 2004). Although, investigations of the host – Xap pathogen interaction continues (Duncan et al., 2008a; Mutlu et al., 2008; Zapata and Beaver, 2005), a defined set of host differentials with broad acceptance has not been forthcoming. First report of major gene conditioning resistance to specific strains of Xap is being confirmed (Zapata et al., 2009) Although, the identification of new QTL for resistance to CBB has waned, recent studies (O’Boyle et al., 2007; Vandemark et al., 2008, 2009) have focused instead on examining interactions among the major QTL identified to date with interesting results. The SU91 QTL on LG 8 appears to be the most important QTL with the effect of other QTL dependent upon its presence. Genetic mapping populations with potential for identifying novel QTL for resistance to common bacterial blight derived from the VAX breeding lines (Singh et al., 2001) are in development and will become available during the renewal. A combination of traditional and marker-assisted selection has been used to transfer the major QTL from exotic sources into the major dry bean market classes (Mutlu et al., 2005a), and as a result of these efforts advanced lines and cultivars in pinto (Mutlu et al., 2005b; Miklas et al., 2006c), great northern (Mutlu et al., 2008), dark red and white kidneys (Miklas et al., 2006d, 2006e), and cranberry (Miklas et al., 2008) beans with improved levels of CBB resistance have been released.

Halo blight/Bacterial Brown Spot. After common bacterial blight, halo blight (caused by Pseudomonas syringae pv. phaseolicola) is the next most important bacterial disease of economical importance, especially in regions with high moisture and cold temperatures (e.g. Michigan, New York, North Dakota, Wyoming). The last survey of Psp conducted by Lamppa et al. (2002) revealed Race 6 as the most prevalent race in North Dakota. Duncan et al. (2008b) identified and characterized resistance to Race 6 in the old pinto cultivar US 14, which was conditioned by two independent recessive genes. Miklas et al. (2009) tagged and mapped the Pse-1 gene which conditions resistance to Psp races 1, 5, 7 and 9 to linkage group 10. Additional QTL mapping studies are ongoing. Recent severe outbreaks of halo blight and bacterial brown spot diseases emphasizes the need to renew pathogen variability surveys, and continue to develop capacity for MAS to facilitate breeding efforts to deploy and enhance resistance to this disease. 

Bacterial Wilt. Bacterial wilt is caused by Curtobacterium flaccumfaciens pv. flaccumfaciens, and has been one of the most problematic bacterial diseases in the U.S., particularly throughout the irrigated high plains and Midwest (Schwartz et al., 2005). Bacterial wilt was commonly found in dry bean production in western Nebraska during the 1960’s and early 1970’s but was largely absent until recently (Harveson et al., 2006). The disease was widely observed throughout Colorado, Wyoming, and Nebraska from multiple (>200) fields during 2004-2005 (Harveson et al., 2005 and 2006). Affected fields were planted with beans from many different dry bean market classes and seed sources, including yellow, great northern, pinto, kidney, black, navy, small red, and Anasazi (Harveson and Schwartz, 2007). The pathogen was also recovered from wilted soybeans in western Nebraska, and isolates were pathogenic to dry bean (Harveson and Vidaver, 2007). This pathogen is considered an A2 quarantine pest in Europe and is subject to phytosanitary regulations in some countries (EPPO/CABI, 1997). Current research during the last 5 years has focused upon limited evaluation of commercial cultivars, germplasm and selections from the Core Collection against local isolates of the bacterial pathogen from Nebraska (R. Harveson and C. Urrea) and Colorado (H. Schwartz and M. Brick). Results have been variable and may reflect differences in pathogenic isolates, environmental conditions, inoculation methodology, etc.; a standardized procedure and evaluation conditions are warranted. Previously resistant great northern line ‘Emerson’ and PI 165078 (Coyne and Schuster, 1976) were consistently resistant in Colorado tests with yellow, orange and purple isolates of the pathogen (Schwartz et al., 2009b; Urrea et al., 2008). Inheritance of resistance has been variable (quantitative, recessive) in earlier research (Coyne and Schuster, 1971); but there is no additional information on inheritance in recent cultivars and lines such as Resolute (great northern), Agrinto (pinto) and Early Rose (pink) with resistance to bacterial wilt in Canada (Huang et al., 2007). 

Geminiviruses. Prominent, whitefly-transmitted Begomoviruses currently threatening bean production (Brown, 1990; 1994; Brown et al., 1999; Faria et al., 1994; Garrido-Ramirez et al., 2000; Gilbertson et al., 1993; Idris and Brown, 1998) include Tomato yellow leaf curl virus from Israel, which was recently introduced in the U.S. Sunbelt States and the Caribbean Basin (Bird et al., 2001; Nakhla et al., 1994); Bean golden mosaic virus (BGMV) prominent in S. America; Bean golden yellow mosaic virus (BGYMV) prevalent in the Caribbean Basin and C. America; and Bean dwarf mosaic virus (BDMV). Resistance to BGYMV has been well characterized by W1150 researchers who have identified numerous genes, bgm-1, bgm-2, and bgm-3, which reduce leaf chlorosis (Osorno et al., 2007; Urrea et al., 1996; Velez et al., 1998), and the Bgp-1 gene which prevents pod deformation (Acevedo-Roman et al., 2004). Dominant resistance conditioned by Bdm-1 gene, widely distributed within the Middle American gene pool, blocks the long-distance movement of BDMV (Seo et al., 2004). Additional studies concerning the molecular characterization of the host – BDMV interactions (Seo et al., 2007; Zhou et al., 2007) have revealed putative host genes involved the BDMV resistance in cv. Othello, including a TIR-NBS-LRR gene and novel TIR-TIR genes. In addition, the viral determinant conditioning BDMV resistance in cv. UI 114 was mapped to the N-terminus of the viral nuclear shuttle protein (NSP).

Deployment of resistance using MAS (Beaver and Miklas, 1999; Urrea et al., 1996; Singh et al., 2000) and traditional breeding combined with IPM strategies significantly controlled the threat of BGYMV in the Caribbean Basin and elsewhere. University of Puerto Rico released numerous cultivars with resistance to BGYMV (Beaver et al., 2008; Blair et al., 2006; Beaver et al., 2005, Rosas et al., 2005). BGYMV is no longer an important bean disease in Puerto Rico after the deployment of resistant cultivars (Osorno et al., 2007). Shift in viral population dynamics resulting from the displacement of the ‘local’ Sida race of B. tabaci by the invasive B biotype of the whitefly vector, which has a distinct host range and is more fecund than the Sida race (Brown, 2007), may also have influenced a reduction in disease pressure. However, BGYMV continues to cause significant yield loss in the Dominican Republic and Haiti where most bean cultivars are susceptible to BGYMV. Other begomoviruses of bean identified recently include MaMPRV in Macroptilium lathyroides; Rhyncosia mosaic virus from Rhyncjosia minima; and Jatropha mosaic virus from Jatropha gossypifolia, Passiflora edulis and P. foetida. Continued sampling and monitoring for new Begomoviruses problematic to beans is justified. Studies like the examples provided below which examine the effect for existing virus resistance genes to combat these newly identified geminiviruses are needed. Miklas et al. (2009) showed that the curtovirus resistance gene, Bct, could be used to provide protection against the whitefly-transmitted begomovirus, BDMV. This raised the exciting possibility of the existence of genes that confer broad spectrum geminivirus resistance. Consistent with this hypothesis, preliminary field investigations suggest that bgm-1 may provide protection against bean-infecting curtoviruses (probably BMCTV) (Terán et al., 2008). 

Curly top disease of bean is caused by a complex of geminiviruses in the genus Curtovirus, all of which are vectored by the leafhopper (Circulifer tenellus) (Soto and Gilbertson, 2003; Chen et al., 2010). Curtoviruses infect many plant and crop species, including bean. In California and Idaho, the predominant curtovirus infecting common bean is BMCTV (Guzman et al., 1995; Chen and Gilbertson, 2009). In 2004, an entire nursery of highly susceptible snap bean progeny was wiped out by this virus (M. Watkins, pers. comm., 2009) in northwestern Oregon. Present management strategies include BMCTV-resistant or tolerant cultivars, and spraying of insecticides to control the leafhopper vector. Marker-assisted selection for Bct gene is being used to deploy and maintain resistance to BMCTV in snap beans. Continued identification and characterization of resistance genes for combating BMCTV and other geminiviruses is needed to keep pace with the high capacity for variability in geminiviruses in general (Rojas et al., 2005). 

Cowpea mild mottle virus (CMMV), an exotic whitefly transmitted, seed borne virus from Ghana infects bean, soybean, cowpea, peanut, and pigeon pea, and other legumes/non-legumes and has been introduced into Brazil and also most recently to Puerto Rico and possibly other tropical American locations: Mexico, Dominican Republic, Honduras, and Guatemala. Because CMMV is also serologically unrelated to any of 12 recognized carlaviruses, it is presently unclassified until the taxonomic significance of these differences has been fully evaluated. Among 26 plant species tested by mechanical inoculation, the virus systemically infected mainly plants of the family Leguminosae. It was initially considered to be a possible member of the Carlavirus group; however, it differs from aphid-borne carla-viruses in its intracellular occurrence and transmission by whiteflies. The virus is poorly characterized and the number of strains (variability) and their molecular and biological characteristics are not known. A potential problem in bean breeding programs is the propensity of CMMV to be seed-transmitted in some leguminous hosts, including bean (Brunt and Kenten, 1973). 

Potyviruses. The seed-borne Bean common mosaic virus (BCMV) and related Bean common mosaic necrosis virus (BCMNV) are the most economically important potyvirus diseases of bean worldwide. Other potyviruses problematic in bean include Bean yellow mosaic virus (BYMV), Clover yellow vein virus (CLYVV), and Peanut mottle virus (PeMoV). Some of these potyviruses, namely ClYVV, contribute to the virus disease complex along with Cucumber mosaic virus (CMV) and Alfalfa mosaic virus (AMV) which has plagued snap bean production in the Great Lakes region since 2001 (Grau et al., 2002; Larsen et al., 2002). A strain of ClYVV was found to cause pod necrosis, termed ‘chocolate pod’ by growers, which resembles symptoms of a mixed infection with CMV and AMV in some in snap bean cultivars (Larsen et al., 2008). A naturally-occurring interspecific recombinant derived from a strain of BCMV and BCMNV was identified (Larsen et al., 2005). Vigilant monitoring and characterization of potyvirus samples is warranted to keep abreast of novel strains.


The host-virus interaction is well defined for BCMV and BCMNV. Markers have been generated for the dominant I gene, and strain specific recessive resistance genes bc-12 and bc-3, and then successfully applied toward MAS of improved germplasm (Vandemark and Miklas, 2005; reviewed by Miklas et al., 2006b). Lines with bc-3 exhibit resistance to ClYVV (Larsen et al., 2008), but a direct relationship has not been documented. Better potyvirus resistance-linked markers are needed, and the broad effect new and existing resistance genes may have against other bean-damaging potyviruses requires investigation.

Rust. The search continues for novel Andean and Middle American rust resistance genes that broadens the genetic base of common bean and protects this crop against the emergence of new and different races of the highly variable bean rust and other pathogens. In addition, studies to elucidate the inheritance of resistance and molecular markers linked to these genes continue. Similar studies of the phenotypic and genetic diversity of the rust pathogen using differential cultivars and molecular markers continue. These studies provide insights on the genetic diversity and the co-evolution of the rust pathogen with the common bean. Two new races of rust have been recently reported in Michigan and North Dakota. The new races have reoccurred in Michigan since 2007 and in North Dakota since 2008. Preliminary results are showing that both races are similar, but not identical (Markell et al., 2009). Resistance to both races is conditioned by the Ur-5, Ur-11, and CNC genes. A new source resistance was mapped to LG B4 near the Ur-5 and Ur-Dorado108 loci in black bean populations derived from Tacana (Wright et al., 2008, 2009). The MI isolate was characterized as race 22-2 and all four ND isolates as race 20-3. The similarity of the two races is based in their ability to infect the bean rust differential cultivars. Unpublished data by Pastor-Corrales et al., revealed that several U.S. cultivars belonging to various market classes were resistant to both new MI and ND races. Similarly, there were several cultivars that were resistant one race but not the other. Several new cultivars with different combinations of rust resistance genes have been released and/ or registered. Salient among these are six great northern bean germplasm lines named BelDakMi-RMR-8, -9, -10, -11, -12, and -13 that are unique in the world. These are the first great northern beans that combine four genes for rust resistance and two genes for resistance to the two bean common mosaic potyviruses. These beans combine two Andean (Ur-4 and Ur-6) and two Middle American (Ur-3 and Ur-11) rust resistance genes (Pastor-Corrales et al., 2007). Other rust resistant cultivars include great northern bean cultivars ABC-Weihing (Ur-3 and Ur-6) (Mutlu et al., 2008), and Coyne (Ur-3 and Ur-6) (Urrea et al., 2009a), and Pinto CO46348 (Ur-4 and Ur-11) (Brick et al., 2008). Although extremely reliable phenotypic markers are available for the incorporation of several rust resistance genes (Ur-3, Ur-4, Ur-5, Ur-6, and Ur-11), equally reliable molecular markers linked to these and other rust resistance genes are needed. Studies show that SQ4 marker linked to the anthracnose gene (Co-2) is also loosely linked to the Ur-11 rust resistance gene on LG B4 and could be useful in MAS (Awale et al., 2008; Madubanya et al., 2009). Such studies support the presence of major resistance gene clusters controlling rust, anthracnose, and halo blight on LG B4 and B11(Liebenberg et al., 2009). 

Soybean Rust. Soybean rust (SBR), caused by Phakopsora pachyrhizi, is a new disease in the Americas that has moved swiftly from one country to another. Moreover, the SBR pathogen has a very broad host range of leguminous crops including common bean. SBR has been reported on common beans in South Africa (2005), the USA (2006), and Argentina and Brazil (2007). In a recent publication, 16 common bean cultivars were inoculated with six isolates of SBR from Asia, Africa, and South America (Miles et al., 2007). The common bean cultivars Compuesto Negro Chimaltenengo (CNC) and PI 181996 were among the most resistant to all six isolates while Mexico 309 (Mx. 309) was susceptible. CNC had significantly lower severity and sporulation than Mexico 309. Inheritance of SBR resistance in CNC was studied by crossing Mx. 309 (female) and CNC (male). Soybean check cultivars, parental lines (CNC and Mx. 309), and 241 F2 plants were inoculated at the USDA-ARS Foreign Disease-Weed Science Research Unit Biosafety Level 3 Plant Pathogen Containment Facility at Ft. Detrick, MD, with a P. pachyrhizi isolate from Brazilian (BZ01-1). Disease severity was evaluated on the first trifoliate leaf using a 1 - 5 scale A total of 140 F2 plants from the cross Mexico 309 x CNC were resistant and 101 susceptible. Based on severity, the segregation for SBR resistance on the F2 population only fit a 9 resistant: 6 susceptible ratio. These results support the hypothesis that resistance in CNC to SBR is controlled by the interaction of two genes with complete dominance at both gene pairs; one dominant allele of each two genes is necessary to produce the resistant phenotype (A_B_) but either recessive homozygote is epistatic to the effects of the other gene.

White mold. For white mold screening there have been many incongruities between field and greenhouse evaluations, and in results from across locations (Otto-Hanson and Steadman, 2007). Pathogen variability per se, and variability in isolate aggressiveness may be associated with problems in evaluating and breeding for resistance in host crops (Kull et al., 2004). Isolates of S. sclerotiorum collected from U.S. bean production areas varied for mycelial compatibility groupings and aggressiveness (Otto-Hanson et al., 2009). Assessment of pathogen variation enables breeders to screen within diverse isolate populations rather than screening an entire breeding population for use in diverse regions on select pathogen isolates. The efficacy of three S. sclerotiorum inoculation methods, namely, infected oat seeds (IOS), detached infected flowers (DIL), and cut-stem (CS) was compared in the greenhouse (Terán and Singh, 2009a). The IOS was least effective in separating among resistant, intermediate, and susceptible dry bean genotypes. While the DIL and CS were equally effective, it took twice as long to inoculate each plant with DIL compared to CS method.   
Partial white mold resistance were found in P. coccineus (Gilmore et al., 2002), and other secondary gene pool species (Singh et al., 2009a) and common bean accessions (Grafton et al., 2002; Steadman et al., 2001). After repeated screening of approximately 550 interspecific breeding lines, white mold resistant VCW 54 and VCW 55 derived from congruity backcrossing with P. coccineus accession G 35172 and VRW 32 derived from recurrent backcrossing with P. costaricensis accession S 33720 were developed (Singh et al., 2009a, b). Susceptible Othello and UI 320 were crossed and backcrossed with resistant P. coccineus PI 433246 and PI 439534 for development of inbred-backcross lines. A single dominant gene controlled inheritance of resistance in both PI lines (Schwartz et al., 2006). Additional lines with partial resistance which were identified from screening approximately 560 interspecific breeding lines derived from these and other crosses, will receive additional testing during the renewal. 


A few white mold resistance lines have been recently developed. Griffiths et al. (2004) developed a green bean breeding line Cornell 501 with partial resistance. Light red kidney (Cornell 601, 605), dark red kidney (Cornell 603) and black bean (Cornell 604) breeding lines were developed primarily by selection in greenhouse tests (Griffiths, 2009). The resistance primarily derives from resistant Cornell snap bean lines NY 6603 and NY6333. The new releases have performed well in W-1150 national white mold nurseries in 2005-2008. A highly white mold resistant dry bean breeding line A 195, identified by Singh et al. (2007a), and the USPT-WM-1 pinto breeding line with ICA Bunsi derived resistance released by Miklas et al. (2006a), have performed well in the national white mold nursery as well. The latter line appears to have good combining ability (J. Kelly, personal communication). 

New QTL were identified. Ender and Kelly (2005) detected QTL located on linkage groups B2, B5, B7, and B8 that explained 9.2 to 14.7% of variance for white mold resistance in an ICA Bunsi/‘Raven’ dry bean population. Miklas et al. (2007) identified two QTL located on linkage groups B2 and B3 conditioning ICA Bunsi-derived resistance that individually accounted for 5.3 to 24.7% of phenotypic variance depending on the growing environments. The physiological resistance conditioned by the QTL on B2 was associated with stay-green stem characteristic and that on B3 was associated with disease avoidance traits including stay-green stem. Maxwell et al. (2007) identified five QTL for greenhouse resistance on linkage groups B1, B2, B8, and B9, which together accounted for 48% of phenotypic variance and one QTL accounting for 12% variance for a field test in G 122/CO72548 dry bean population. A comprehensive review of white mold QTL identified to date is needed to direct future direction for QTL identification and fine mapping of select QTL to facilitate MAS for white mold resistance. Marker-assisted selection for select white mold resistance QTL has promise as demonstrated by Miklas et al. (2007) and Ender et al. (2007). 

Chung et al. (2008) reported higher heritability for physiological resistance based on greenhouse tests than those based on field evaluations with low correlations between the two tests. Of 10 QTL previously identified in independent dry bean populations, only three markers (OJ09.950, Phs, and OC07.850) were associated with field and greenhouse straw tests in the G 122/‘Astrel’ population. Terán and Singh (2009b) realized an average of 20.5% gain in two inter-gene pool double-cross populations using gamete selection. However, in the same two populations there was only 10% gain in white mold resistance in one population and 5% in another using recurrent selection (Terán and Singh, 2009b). Incorporating enhanced resistance to white mold into agronomically acceptable cultivars remains a significant challenge. 

Root rots. Root rots are caused by several pathogens that attach below ground roots and crown of bean plants. Some research has been conducted on Fusarium root rot, but little is known about subspecies of Rhizoctonia solani with respect to the prevalence of four subspecies that are found on bean and their virulence. Tolerance to abiotic stress such as drought needs a healthy root system to function. Crops grown in rotation with beans such as sugar beets are also hosts for R. solani. Resistance needs to be found and incorporated into breeding lines of different bean seed classes. Root rot of dry bean has been a yield-limiting disease problem for growers in the North-Central area for several years (Bradley and Luecke, 2004). This disease is known to be caused by a complex of pathogens, including Fusarium solani f.sp. phaseoli, Rhizoctonia solani and Pythium species. In North Dakota and Minnesota, Fusarium solani was considered to be the most common causal agent of root rot followed by Rhizoctonia solani (Venette and Lamey, 1998). However, recent findings have highlighted the ability of other Fusarium species to cause root rot in dry beans (Bilgi et al., 2007; Gambhir et al., 2008). This necessitates an evaluation of the changing pathogen population and identification of sources of resistance. Cramer et al. (2003) found low genetic diversity among 166 isolates of the Fusarium wilt pathogen from the U.S. Central High Plains using RAPD markers. Resistance to Fusarium wilt in race Durango dry beans CO 33142 and 'Fisher' were controlled by a single dominant gene, whereas polygenic control (h2 ranged from 0.25 to 0.60) was found for resistance in race Mesoamerica cultivars Rio Tibagi and Jamapa (Cross et al., 2000; Velasquez and Schwartz, 2000). Nonetheless, Fall et al. (2001) found that breeding line A 55 of Mesoamerica race possesses the U20.750 RAPD marker on LG B10 which accounted for 63.5% of the variance for Fusarium wilt resistance observed in RIL. Heritability estimates for Fusarium root rot in FR266 ranged from 0.48 to 0.71 (Schneider et al., 2001). Several RAPD markers were identified that demonstrated significant associations with resistance in greenhouse and field. In addition, Aphanomyces euteiches f.sp. phaseoli is a poorly studied pathogen at the moment, but occurs frequently on sandy soils in the Upper Midwest. It can devastate some fields, and resistance is available in a few dry bean genotypes, but not commonly found yet in snap bean cultivars.
Anthracnose. Two new sources of anthracnose resistance within the Andean gene pool were identified in germplasm from Brazil (Gonçalves-Vidigal et al., 2008, 2009; Vidigal et al., 2007). The two independent genes were identified as Co-12 in Jalo Vermelho and Co-13 in Jalo Listras Pretas and represent unique resistance patterns. These are significant findings as the multiallelic Co-1 locus with five alleles were the only resistance sources previously known in Andean germplasm. This is particularly important given the recent breakdown of the Co-12 gene by race 105 in Manitoba. The rapid evolution of this new race underscores the need to be vigilant of the pathogenic variability in different production areas. In addition the Co-14 gene was shown to be tightly linked to the Phg-1 gene conditioning resistance to angular leaf spot. Both resistance genes are tightly linked to the SCAR marker SH13 on linkage group B1. This linkage confirms work by Vallejo and Kelly (2008) who mapped the Co-1 locus to B1 with the sequence tagged site (STS) marker, SEACTMCCA, derived from a tightly linked AFLP marker. The same authors showed that JaloEEP558 used as the Andean parent in the Bat/Jalo mapping population, carries the same Co-1 allele as most US kidney beans. The availability of new resistance genes of Andean origin offers breeders more choices for pyramiding genes with the more common Middle American (MA) resistance sources. Further work on the three gene pyramid in the highly resistant MA genotype G2333 showed that a second allele to Co-5 locus is present in G2333 and in lines SEL 1360 derived from that source. This allele Co-52 differs from original Co-5 allele in the differential cultivar TU in reaction to different anthracnose races (Vallejo and Kelly, 2009). The third independent gene Co-7 in G2333 was fixed in breeding line MSU 7-1(Vallejo and Kelly, 2009) and was shown by Sousa et al. (2009) to be allelic to Co-3 gene. Given the resistance spectra of Co-7 it appears to differ from other three alleles at Co-3 locus, one of which Co-33 was previously reported as the independent gene, Co-9. These findings continue to support the multi-allelic nature of resistance to anthracnose in common bean and underscore the need to conduct allelism tests of all new resistance genes to confirm independence. Anthracnose continues to threaten the bean crop in major production areas. As an example, a new race (105) has been recently reported in Manitoba, Canada. The Co-42 gene confers resistance to this new race. Breeding efforts in Michigan and North Dakota continue to introgress the Co-42 resistance gene into commercial market classes. Gene pyramids with the new Andean resistance sources may prove useful to U.S. breeders given the loss of the Co-12 gene in North America. 

Abiotic Stresses. Heat resistant snap beans Cornell 502 and Cornell 503 were crossed with 'Venture' and HB 1880 for breeding and genetic studies. The recombinant inbred lines (RIL) have been evaluated in greenhouse and field environments (Rainey and Griffiths, 2005b). The RIL from dry bean population A55 x G122 also have been evaluated for heat resistance (Porch, 2001). Data from these populations will be used for the genetic dissection of heat resistance during the reproductive phase into its components, such as bud abscission and pod set, for quantitative genetic analysis, and for the identification of molecular markers. Of the 25 P. acutifolius accessions tested, PI 200902, PI 312637, PI 440785, PI 440788, and PI 440789 exhibited the highest yield and yield component stability under high temperatures (35°C/32°C) (Rainey and Griffiths, 2005a). Early genetic studies found that drought tolerance, measured as yield, was an additive trait that interacted with the environment (White et al., 1994). A wide range of heritabilities (0.09 to 0.80) were reported depending on environmental conditions and market class of the bean lines evaluated (Schneider et al., 1997; Singh, 1995). A few cultivars, such as Matterhorn (Kelly et al., 1999), have been released as drought tolerant in the US, but other lines with tropical and/or temperate adaptation have been previously identified with drought tolerance including: A686, Negro Vizcaya, L88-63, B98311, G21212, SEA 5, SEA 15, SEN 10, SEN 21, SER 16, SER 21, SER 22, Pinto Villa, RAB 651, RAB 655, Viva, G 13637, San Cristobal 83, ICA Palmar, LEF 2RB, and AC 1028. Exotic germplasm evaluation has played an important role in the incorporation of new traits into U.S. germplasm. In a germplasm evaluation study during 2005, a total of 110 exotic common bean genotypes were tested under drought stress in a replicated trial at the UNL Panhandle Research & Extension Center (PHREC)-Scottsbluff. Seven of the drought tolerant genotypes identified in 2005  SEQ CHAPTER \h \r 1were tested in 2006 and 2007 in replicated trials in Nebraska (Urrea et al., 2009b). The great northern cultivars ‘Beryl’ and ‘Matterhorn’ and CIAT’s Mesoamerican tropical small red line SER 22 showed the highest yield under non-irrigated and irrigated conditions based on geometric mean (GM) (Urrea et al., 2009b). In another study in 2007 and 2008, 29 drought tolerant tropical germplasm were evaluated under non-stress and drought stress conditions in Puerto Rico, leading to the identification of superior genotypes for breeding and genetic analysis (Porch et al., 2009b). Following evaluation of these previously identified drought tolerant germplasm, the U.S. and CIAT core germplasm collections were evaluated in Nebraska and Puerto Rico, and about 300 genotypes were determined to be photoperiod insensitive and adapted (Urrea and Porch, 2009). These genotypes, elite U.S. cultivars, and advanced breeding lines were evaluated for response to terminal drought in 2008 and 2009 using funds leveraged from the Crop Germplasm Committee to evaluate the National Plant Germplasm System (NPGS) collection. A subset of these adapted lines were selected, showing a consistent tolerant or susceptible response to drought stress, and will be tested across 4 locations. Some will be also used as parents for the generation of six recombinant inbred line (RIL) populations for future genetic studies. 
Nutritional Value. The global economic burden caused by prevalent chronic diseases such as obesity, diabetes, heart disease, and cancer are enormous. Among the staple food crops, little information exists about their health benefits and the role that food can play to improve human healthiness. Health benefits from eating beans are numerous and include the provisions of low fat and high protein, calories, dietary fibers, vitamins, iron, potassium, calcium, iron, zinc, phosphorus, and other essential nutrients. Several of the most severe chronic health problems (e.g., certain types of cancer, Type 2 diabetes, and cardiovascular diseases) in the U.S. could be prevented or alleviated by eating more beans (Anderson et al., 1984; Tietyen-Clark, 1986). Even more, some studies suggest that consumption of beans can delay the onset of symptoms on HIV patients (Wong et al., 2006).Therefore, identification and promotion of the health-benefits of dry beans is extremely important. As proof of this, USDA-NIFA has recently funded $4 million for a Coordinated Agricultural Project (BeanCAP) to support research on the discovery genes related with nutritional and healthy traits in beans. Moreover, a greater emphasis must be placed on education as well as providing more diversified bio-fortified bean-based foods and convenience snacks with improved nutrition and consumer appeal that encourage more use and consumption. 

The bean program at Cornell helped to evaluate 400 to 500 lines and cultivars each season for yield and processing quality. As a result of these trials, a new light red kidney line (1062-V98) with excellent canning quality has been released and named Wallace. It is an upright bush plant, midseason maturity, large attractive seed and good yield potential. On another study, major genes and QTL affecting canning quality (overall appearance and degree of splitting) were identified and mapped (Posa-Macalincag et al., 2002). These traits were highly correlated (0.91 to 0.97) and heritable (0.83-0.85). Black beans stored at 4.50C, 50-60% relative humidity, and 125 mm mercury for two years had physico-chemical characteristics comparable to freshly harvested beans (Berrios et al., 1999). The relative ability of bean extracts to inhibit lipid peroxidation was red>brown>black >white (Beninger and Hosfield, 2003). Antioxidant activity was most strongly related to quantity of condensed tannins (proanthocyanidins). Anthocyanins in black beans and quercetin glycosides (yellow color present in a variety of beans) also contributed antioxidant activity. Beans without condensed tannins had low antioxidant activity. In addition, Fe and Zn bioavailability was evaluated in vivo studies with pigs fed 37% bean diet of either white Matterhorn or red Merlot bean cultivars. Previous studies had shown that Fe uptake by Caco-2 cells was 14-fold higher from the white bean diet compared to the red bean diet. It was concluded that bean color does not affect Fe or Zn bioavailability in vivo and that beans are a good source of bioavailable Fe and Zn (Tako et al., 2009). Avoidance of beans because of flatulence continues to be a major constraint to consumer acceptance. One of the major factors contributing to difficulty digesting beans is raffinose and stachyose oligosaccharides present in dry seeds. Genes involved in the production of these sugars have been identified in pea (Pisum sativum), soybean (Glycine max), and adzuki bean (Vigna angularis) (Peterbauer et al., 2002). There have also been low raffinose and stachyose genotypes developed in pea and soybean via genetic engineering and chemical mutagenesis (Polowick et al., 2009; Kerr and Sebastian, 2000). A similar genetic approach in dry bean would be very useful to breeding for improved quality. 

It is estimated that appropriate nutrition could prevent 70–80% of all cases of colon cancer. A reduction in colon cancer through dietary means is important, as the annual treatment costs for colon cancer in the United States are estimated to be $6.5 billion. Both animal and human studies show that consumption of beans will reduce the incidence of colon cancer. Two of the main risk factors for colon cancer, which are both diet related, are obesity and inflammation. Therefore, studies using an obese animal model were conducted to determine if feeding beans would reduce inflammation and colon cancer. Results have shown that although bean fed and control mice had similar degrees of obesity, bean fed mice had lower levels of inflammatory markers in their blood. Rapid fermentation of oligosaccharides 3-5 hr after eating beans is the primary cause of flatus during that time period, but oligosaccharides account for less than 50% of the gas produced in the large intestine when beans are consumed. Fermentation of bean fiber accounts for more than 50% of the gas associated with eating beans. However, oligosaccharides may function as prebiotics and many researchers contend that prebiotics help maintain a healthy colon. Therefore, oligosaccharides may be one of the factors in dry beans that helps prevent colon cancer. Additional studies also showed that the concentrations of oligosaccharides (intact and hydrolyzed) in the diets were equivalent to what would be contained in diets that reduced colon cancer in the previous research. The colon cancer incidence was higher in the group of rats fed the extract containing oligosaccharides than in the group fed the extract with hydrolyzed oligosaccharides. Thus, bean oligosaccharides do not help prevent colon cancer and bean breeding or food processing techniques to reduce or eliminate oligosaccharides would not be expected to reduce the anti-colon cancer activity associated with eating beans (Bobe et al., 2008). 

To address whether the nutritional components, phenolic and flavonoid content, oxygen radical absorbance capacity (ORAC), and anticancer activity of six market classes of dry bean (Phaseolus vulgaris L.) when fed to laboratory rats (Rattus norvegicus) were evaluated. The addition of cooked, freeze-dried, and milled dry bean powder were fed to laboratory rats used to determine if bean had an effect on post initiation phase of chemically-induced mammary carcinogenesis compared to the standard diet without bean. Dry bean consumption reduced cancer incidence (No. of animals with one cancerous tumor) from 95% in the control to 67% in animals fed beans in the diet (P< 0.001) and cancer multiplicity (No. of tumors per animal) from 3.23 tumors per animal to 1.46 per animal, respectively (Thompson et al., 2009). Dry bean market classes differed for anticancer activity (P = 0.038), but anticancer activity was not associated with ORAC, phenolic or flavonoid content, seed coat color, or nutrient content assessed by a proximate analyses. Dry bean market classes from the Andean center of domestication (COD) had greater anticancer activity than those from the Middle American COD (p=0.007), and dry beans from race Neuva Granada were more protective than those from race Mesoamerican (p=0.0083). These results documented the anticancer activity of dry beans based on a preclinical model using laboratory animals. Another study to determine whether the amount of dry bean in the diet influenced biomarkers for chronic diseases was conducted. Dosages from 0 to 60% beans in the diet of laboratory animals revealed that there was a dose response to five critical blood plasma biomarkers. The dosage response was linear and the lowest dosage (7.5% bean) reduced each of the biomarkers (Thompson et al., 2008). These studies clearly showed that bean in diet can reduce the incidence and severity of mammary cancer in laboratory animals.

Characterization/Utilization of exotic germplasm. These activities are of key importance to broaden the genetic base of both dry and snap beans. The traits that distinguish wild and domesticated beans have been described (Gepts and Debouck, 1991). They include growth habit, seed dispersal and dormancy, pod and seed size, pigmentation, and photoperiod sensitivity. Alleles and QTL controlling these traits have been identified and mapped (Koinange et al., 1996). Thus, alleles and QTL that should facilitate exotic germplasm conversion are the St for pod string, a QTL for seed dormancy, fin for growth habit, and ppd and hr for insensitivity to photoperiod. A candidate gene for the fin locus has been identified, which facilitates marker-assisted selection of this recessive trait in backcrossing procedures for conversion (Kwak et al., 2009). The ppd is among the main alleles (Gu et al., 1998) to be used for recurrent backcrossing to exotic germplasm (see Appendix Table 2). Given the narrow genetic diversity especially observed in certain market classes and snap beans, this work is fundamental for the discovery of useful genes and traits that could be incorporated into the breeding programs. Conversion programs can produce genotypes more adapted and breeder-friendly, which significantly reduces the amount of linkage drag usually observed when using exotic material, saving a lot of time and resources to the breeding programs. This is important for both the public and private sector dry and snap bean programs. In addition, the study of the genetic and molecular basis of the principal domestication traits will speed the introgression and pyramiding of favorable alleles and QTL especially from wild bean. 

Genomics/Marker Assisted Selection. Bean breeders have been among the first to adopt marker-assisted selection, in most cases to select for disease resistance. They have sought to pyramid different genes conferring resistance to different strains of the same or different pathogens. To date some 70 markers have been published tagging major genes or QTLs for disease resistance (Kelly et al., 2003; Miklas et al., 2006b; SCAR markers table, 2009: http://www.css.msu.edu/bic/PDF/SCAR_Markers_2009.pdf; P. Gepts, unpubl. results). In most cases, RAPD markers were sequenced to convert them to SCAR markers. This is a cumbersome process that could be greatly facilitated with the availability of a whole-genome sequence. In the mean time, the soybean sequence can be used as a reference sequence against which Phaseolus sequences can be mapped (Repinski and Gepts, 2009). 

National/Regional Nurseries. As mentioned before, this multi-state project coordinates four nurseries grown every year: The Bean Rust Nursery (BRN) grown at Beltsville, MD, the national Cooperative Dry Bean Nursery (CDBN) grown at 12 locations across the country, the Midwest Regional Performance Nursery (MRPN) grown at four states, the White Mold Nursery (WMN) grown at seven locations, and the Western Regional Bean Trial (WRBT) grown at four states. These nurseries have allowed the evaluation of genotypes across multiple environments and consequently, the release of several cultivars and germplasm lines that have been used in more than one production area. Private bean breeding programs are invited to submit genotypes to the CDBN, which allows mutual benefits, communication, and collaboration among the public breeding programs and the companies. In addition, it provides a tool to estimate long-term genetic gains achieved by the bean scientific community, in special the breeding programs across the country.

Appendix 2
Sub-projects, collaborators, and team leaders for the W-1150 Project from 2010 to 2015.

	Sub-Projects†
	Collaborators
	Team Leader‡

	Common Bacterial Blight Resistance
	Gilbertson, Beaver, Osorno, Miklas, Pastor-Corrales, Porch, Singh, Zapata, Urrea
	Miklas and Beaver

	Halo Blight Resistance
	Gilbertson, Miklas
	Gilbertson

	Root Rot 
	Brick, Kelly, Schwartz, Osorno, Steadman, Urrea, Myers
	Schwartz

	Resistance to Geminiviruses
	Beaver, Brown, Gilbertson, Larsen, Miklas, Pastor-Corrales
	Beaver and Brown

	Rust Resistance
	Beaver, Brick, Osorno, Kelly, Miklas, Pastor-Corrales, Schwartz, Steadman, Urrea
	Pastor-Corrales

	Anthracnose Resistance
	Kelly, Osorno,
	Kelly

	White Mold Resistance
	Brick, Osorno, Griffiths, Kelly, Miklas, Myers, Schwartz, Singh, Steadman, Urrea
	Steadman

	Multiple Disease Resistance 
	Beaver, Brick, Gilbertson, Pastor-Corrales, Singh, Schwartz, Steadman, Urrea
	Brick

	Bacterial Wilt Resistance
	Urrea, Brick, Schwartz
	Urrea

	Characterization/Utilization of Exotic Germplasm 
	Brick, Gepts, Kelly, Miklas, Pastor-Corrales, Porch, Urrea 
	Porch 

	Molecular Markers/Genomics
	Gepts, Miklas, Myers, Kelly, Urrea
	Gepts

	Snap Beans
	Myers, Nienhuis, Griffiths
	Myers

	Heat/Drought Tolerance
	Porch, Griffiths, Beaver, Urrea, Osorno
	Griffiths

	Outcrossing, broadening genetic base and yield potential 
	Brick, Gepts, Kelly, Myers, Singh, Waines, Urrea
	Kelly

	Nutritional Value
	Bennink, Brick, Gepts, Cichy
	Bennink

	Midwestern Regional Performance Nursery
	Brick, Osorno, Kelly, Urrea 
	Osorno

	National Cooperative Dry Bean Nursery
	Brick, Osorno, Hang, Kelly, Pastor-Corrales, Singh, Steadman, Miklas, Urrea, Halseth, etc.
	Miklas

	National Rust Nursery
	Osorno, Kelly, Pastor-Corrales, Steadman
	Pastor-Corrales

	National White Mold Nursery
	Kelly, Miklas, Myers, Singh, Steadman, Urrea
	Steadman

	PR Winter Nurseries
	Beaver, Osorno, Kelly, Urrea, Steadman
	Beaver

	Western Regional Bean Trial
	Brick, Miklas, Schwartz, Singh, Urrea
	Urrea


† The Midwestern Regional Performance Nursery, National Rust Nursery, National Cooperative Dry Bean Nursery, National White Mold Nursery, Western Regional Bean Trial, and Winter Nursery are integral part of the W-1150 project. 

‡ Team Leaders are responsible for coordination, discussion, and preparation of their Sub-Project documents and progress reports. 

Appendix 3

Format for Reporting Projected Participation

Part 1: Participant List

	Station/Institution and Department
	Participant
	Objective No.
	Research
	Extension

	
	
	
	KA
	SOI
	FOS
	SY
	PY
	TY
	FTE
	Program

	Arizona - University of Arizona
	Judith K Brown 
	2
	202
	1410
	1101
	0.10
	0.00
	0.00
	0.00
	· not specified

	
	
	
	202
	1411
	1101
	
	
	
	
	

	
	
	
	202
	4030
	1080
	
	
	
	
	

	
	
	
	202
	4030
	1101
	
	
	
	
	

	California -Davis : University of California, Davis
	Paul Gepts 
	1
	201
	1410
	1080
	0.40
	0.00
	0.00
	0.00
	· not specified

	
	
	
	202
	1411
	1070
	
	
	
	
	

	California -Davis : University of California, Davis
	R.L. Gilbertson 
	1
	212
	1410
	1160
	0.10
	0.00
	0.00
	0.00
	· not specified

	
	
	
	212
	2499
	1160
	
	
	
	
	

	California -Riverside : University of California, Riverside
	Giles Waines 
	2
	201
	1410
	1080
	0.10
	0.10
	0.10
	0.00
	· not specified

	
	
	
	202
	1410
	1080
	
	
	
	
	

	
	
	
	203
	1410
	1080
	
	
	
	
	

	Colorado - Colorado State University
	Mark Brick 
	1,3
	201
	1410
	1080
	0.50
	0.00
	0.00
	0.00
	· not specified

	
	
	
	203
	1410
	1080
	
	
	
	
	

	Colorado - Colorado State University
	Howard Schwartz 
	1,3
	212
	1410
	1160
	0.20
	0.00
	0.00
	0.50
	· Agricultural competitiveness and profitability

	Idaho - University of Idaho
	Shree P Singh 
	1,2,3,4
	202
	1410
	1080
	0.25
	0.00
	0.75
	0.00
	· not specified

	Michigan - Michigan State University
	Maurice Bennink 
	3,4
	702
	1410
	1010
	0.10
	0.00
	0.00
	0.00
	· not specified

	Michigan - Michigan State University
	James D. Kelly 
	1,2
	201
	1410
	1080
	0.10
	0.00
	0.10
	0.00
	· not specified

	Nebraska - University of Nebraska
	James R. Steadman 
	2
	212
	1410
	1080
	0.25
	0.00
	0.20
	0.20
	· Agricultural competitiveness and profitability

	Nebraska - University of Nebraska
	Carlos A Urrea 
	1,2
	202
	1410
	1080
	0.30
	0.00
	0.10
	0.00
	· not specified

	
	
	
	212
	1411
	1040
	
	
	
	
	

	
	
	
	212
	1411
	1101
	
	
	
	
	

	New York -Geneva : Cornell University
	Phillip Griffiths 
	1,2
	202
	1410
	1080
	0.10
	0.00
	0.50
	0.00
	· not specified

	
	
	
	202
	1411
	1080
	
	
	
	
	

	
	
	
	204
	1410
	1080
	
	
	
	
	

	
	
	
	204
	1411
	1080
	
	
	
	
	

	
	
	
	212
	1410
	1080
	
	
	
	
	

	
	
	
	212
	1411
	1080
	
	
	
	
	

	New York -Ithaca : Cornell University
	Donald E. Halseth 
	1,2
	204
	1410
	1020
	0.10
	0.00
	0.10
	0.00
	· not specified

	
	
	
	205
	1410
	1020
	
	
	
	
	

	North Dakota - North Dakota State University
	Juan Osorno 
	1,2
	202
	1410
	1080
	0.10
	0.05
	0.05
	0.00
	· not specified

	
	
	
	212
	1410
	1080
	
	
	
	
	

	
	
	
	205
	1410
	1080
	
	
	
	
	

	
	
	
	203
	1410
	1080
	
	
	
	
	

	
	
	
	204
	1410
	1080
	
	
	
	
	

	Oregon - Oregon State University
	James R Myers 
	2
	201
	1410
	1080
	0.20
	1.20
	0.00
	0.00
	· not specified

	
	
	
	201
	1411
	1080
	
	
	
	
	

	
	
	
	202
	1410
	1080
	
	
	
	
	

	
	
	
	202
	1411
	1080
	
	
	
	
	

	Puerto Rico - University of Puerto Rico
	Myrna Alameda 
	1,2
	212
	1410
	1080
	0.25
	0.00
	0.00
	0.00
	· Agricultural competitiveness and profitability

	Puerto Rico - University of Puerto Rico
	J. S. Beaver 
	1,2
	212
	1410
	1080
	0.25
	0.00
	0.00
	0.00
	· Agricultural competitiveness and profitability

	Puerto Rico - University of Puerto Rico
	M. Zapata 
	2
	212
	1100
	1040
	0.25
	0.00
	0.00
	0.00
	· Agricultural competitiveness and profitability

	Washington - Washington State University
	Barry G. Swanson 
	4
	501
	1410
	1000
	0.10
	0.00
	0.00
	0.00
	· not specified

	Wisconsin - University of Wisconsin
	James Nienhuis 
	2
	201
	1411
	1080
	0.10
	0.00
	0.00
	0.00
	· not specified

	
	
	
	201
	1411
	1160
	
	
	
	
	


