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Brief Summary of Minutes of Annual Meeting:
Carlos Urrea called the meeting to order at 8:00 AM, Wednesday, 2/17/2011, and Molly Welsh (for Rubella Goswami) took minutes.  Shree Singh moved to have the minutes from the last meeting approved, Jim Steadman gave the 2nd and the motion was carried.

There was a discussion of the next cycle of meetings for the W2150, and Don Thill (administrative advisor) reminded us of the pre-requisites for the filing of the final W1150 report.  A short discussion of the administrative positions followed and Karen Cichy was elected to be the secretary for the 2011 meeting in Puerto Rico.  The incoming Vice-President will be Rubella Goswami and the President will be Steve Noffsinger.
Dr. Thill gave a brief administrative update, congratulated the group on getting the new W2150 project and reminded us that there is a continuing resolution for FY 2011 at present.  There followed a questions, answers, and discussion concerning the budget: cuts to appropriations, no earmarks reduction in ARS budgets, reduction in Hatch funds, increases in competitive grants, reductions in Extension, and the effect of the 2012 FY budget on regional project funds.

Dr. Steven Goff gave an introduction to the iPlant Core Software.  This is an NSF project for Cyber infrastructure developed as an answer to the needs of and to provide solutions for collaboration among many plant science institutions.  Access to the software will be released in late February 2011.  Some features now available include: Trait Evolution, Ultra-high Through-put Sequencing, Tree Reconciliation, Crop Breeding, and Taxonomic Reconciliation.  There are many projected features, plus additional efforts are predicted.  There will be workshops offered in the future.  Contact Dr. Goff at sgoff@iplantcollaborative.org.  Questions, answers, and discussion followed the presentation.

Dr. Jeff White presented a re-visitation of IPhIS – the International Phaseolus Information System.  This is a branch of the ICIS – International Crop Information System

 http://cropwiki.irri.org/icisweb/.  It was developed for better data management and is used by CIAT.  It 1) provides an interaction with new and developing systems, 2) is used for the training of new scientists, 3) provides for long-term data survival, and 4) supplies tools for both breeders and scientists.  Questions, answers, and discussion followed the presentation.

Dr. Phil McClean gave an update of the Bean-CAP (Coordinating Agriculture Project).  This is the USDA sponsored project looking at nutritional quality research on beans.  The project has cooperation from Seminis and from ConAgra companies.  An overview of the objectives includes:
1) Development of market class specific markers: Phil outlined some of the outcomes in the development of SNP markers in this area.

2) Nutritional phenotype analysis: research in this area includes elemental analysis of field grown snap bean.

3) Database development: Paul Gepts will talk about PhaseolusGenes later in the meeting.

4) Early breeder training program

5) Educational multimedia developments: examples include nutrition games and nutritional animation (ie. Feed the Future) for emphasis of the value of the project throughout the world.  

For more information: BeanCAP (http://www.beancap.org)
Phil then made some announcements concerning applications for a future legume CAP.  They included discussions about grain-legume CAPs, the focus on Climate Change for the project, the importance of joint species projects, and announced a meeting on March 5, 2011 about project development and other ideas for developing a high level plan for grant funding.  A discussion followed concerning the value of a combined grant with soy and cowpea, or a project focusing only on bean.  Topic suggestions were solicited.

Phil McClean continued the meeting with a discussion on the Common Bean Sequencing Project.  He gave some of the history of the project and how it has been used in breeding work.  There was a review of the process of DNA sequencing and an explanation of massive parallel sequencing.  There followed a report on the state of the development of the project in progress, a description of the process of application and a further description of how the project is being done.  Examples of applications for the results from the project were also provided.  An emphasis was placed on the interaction or involvement of all of the preceding projects: BeanCAP, Bean Sequencing, and database information systems.  Questions, answers, and discussion followed the presentation.

Annual Station Reports:

California – Giles Waines: Common bean root and shoot biomass were determined at flowering among 5 lines that differed for bush or vine type shoot morphology. They were bush types A-55, Midnight, Sanilac, and vine types. Shoot biomass varied more than 2- fold between Sanilac and Roza which were significantly different. Root biomass varied almost 3-fold between Sanilac and Roza which were significantly different. But there was no difference in the ratio of root weight to total weight. Root biomass between bush types Sanilac and A-55 varied almost 2 fold and were significantly different. Using wheat as a model crop plant, increasing root size in near-isogenic lines did increase water and nutrient uptake, grain yield, and decrease nitrate pollution of groundwater. Transfer of male-sterility genes into commercial cultivars was continued.

California - Steve Temple: Work is primarily with lima bean, although some common bean study is done.  Emphasis is placed on cool season central California varieties and focuses on breeding for those specific areas of California. The UC Davis Dry Bean Breeding Program has historically supplied 98% of the California commercial production for large and baby lima beans, blackeyed cowpeas, and several classes of common beans. Commercial production of chickpeas benefits from both public and private varieties, and California growers and warehouses annually produce high quality planting stocks for a number of private dry bean varieties.
Colorado – Mark Brick: Results were presented from various collaborative dry bean nurseries: Cooperative Dry Bean Nursery, Midwest Regional Performance Nursery, Western Regional Bean Trials, and the Colorado Crops Testing Program were reported.  Cooperative research programs (eg. white mold resistance) and several variety releases were reported. 
Idaho – Shree Singh: Results of fertility work, BCTV, and white mold research were reported.  Other results from both the Western Regional Bean Trial and the National White Mold Nursery evaluations were outlined and work with the Beet curly top virus resistance was reported.  There was some discussion about the introgression of genes from the secondary gene pool of common bean; genes from P. coccineus and P. costaricensis.

Maryland – (Talo) M.A. Pastor-Corrales: Report on the joint project to combine rust resistance and heat tolerance into snap beans, and further discussion of work to identify resistance genes in the pinto bean Stampede.  A report on the evaluation of dry and snap bean nurseries for reaction to rust pathogens under field conditions was included.
Michigan – Jim Kelly: Results from the dry breeding program were reported and subsequent releases announced.  Dr. Maurice Bennink’s research into the cancer inhibiting components of bean continues.  Further reports on yield trials and research results were given.
Michigan - Karen Cichy: Report on work with reduced sugars in beans was detailed.
Wisconsin – Jim Nienhuis: A study on the genes associated with snap bean domestication and the relationship of flavor and the presence of sugars in beans were elucidated.  Additional work in nitrogen use efficiency and organic snap bean production were reported.
Washington – Phil Miklas: Described the mapping work being done on QTL map for white mold resistance and other mapping work done for beet curly top virus resistance, bean dwarf virus resistance and halo blight resistance.  The cooperative work with Tim Porch on drought tolerance in bean was discussed.  Report of the work Rich Larsen has done screening with peanut mottle virus and clover yellow virus was given.  A further report from Tom Greb via Phil gave information about industry involvement and a discussion concerning the fact that acreages of common bean and chickpea are often clumped together in production reports followed.

Washington -
Molly Welsh: 
The status of the collection was reported.  A discussion of the recent wild bean collecting trip and need for further collection ensued.  The curator informed the members of her plan to retire in late 2012.  A discussion of the need to let interested parties know of the need for a curator position occurred; Phil Griffith will coordinate that effort.
Puerto Rico – Jim Beaver: Results of breeding research were given and release of varieties was enumerated in the report.  The results of disease resistance research, both published articles and released varieties, were reported.  Additionally there was a note about the lines grown in the winter nursery.
Puerto Rico -
Tim Porch: Results from studies in developing heat-tolerant bean lines and shuttle breeding programs to develop multiple-stress tolerant lines were described.  Additional report was given concerning the evaluation of mapping populations for varied areas of research. 
Oregon – Jim Myers: Discussed white mold and root rot resistance work and the introgression of resistance genes from P. coccineus into snap bean.  A short discussion concerning the BeanCAP and work with Phil Miklas followed.
North Dakota – Juan Osorno: Gave a listing of the North Dakota growers’ favorite varieties.  The top of the list was Stampede pinto bean.  The report included news about various nurseries, disease resistance research and announcement of a new canning facility at NDSU.  
New York – Phil Griffiths: Described the work with snap bean and white mold resistance research conducted in greenhouse environments.  Work on a project for development of heat tolerant & rust resistant beans for Kenya, and some news about the virus problems introduced by the Asian soybean aphid were reported. 
The meeting was adjourned until Thursday.

W1150 meeting continued 2/17/2011

Welcoming remarks from Dr. Colin Kaltenbach, Vice-Dean and Director of the University of Arizona

Annual Station Reports continued 

California – 
Paul Gepts: Gave a report on the PhaseolusGenes database.  We were introduced to background information and the continuing work to provide a Bean Breeder’s Marker Toolbox.  This is a work in progress.  The temporary working site is at http://phaseolus.dyndns.info and the permanent site will be http://phaseolusgenes.bioinformatics.ucdavis.edu.  Q &A and discussion followed.

Arizona – Judith Brown: Gave updates in virus work.  The work includes research into developing infectious clones of virus to be used in the research with viruses that are not mechanically transmissible.  There was a review of the most important virus problems and the changes that have occurred since the last report.  We were also informed that the LegumePipe had provided money for a study to develop a general test for curtoviruses.

Nebraska – Jim Steadman: Has released a paper on white mold pathogen phenotypic/genotypic variation and impact on screening for white mold resistance.  As a result of multistate screening, nine dry bean and one snap bean lines resistant to white mold were released
Nebraska - Carlos Urrea: Reported on production data for Nebraska, his work with the unique resistance to rust found in tepary bean, and developing trials for various bean lines.  There followed a discussion on the monetary return for developed lines that have the IP rights sold to seed companies and the money that might be earned for the breeding programs at public institutions. Coyne great northern variety release was estimated to generate $2.3M in 2011.
W-2150 – the next iteration of the regional project will be held in November 2011 at San Juan, Puerto Rico in conjunction with the BIC on October 31 – Nov 2, 2011.

A reminder that the final report for the W-1150 is due in 60 days.   Electronic versions of the state reports are to be submitted to Carlos Urrea, Steve Noffsinger, and Molly Welsh.  The report should contain a summary of the outputs, outcomes/impacts, and milestones.

Carlos thanked Juan Osorno for putting together the W-2150 proposal, thanked all who helped in this endeavor, and thanked Judy Brown for hosting the event.  

A move to adjourn was made, the motion seconded, and universal approval was given to the adjournment at 2:30 PM.

Submitted by Molly Welsh (in lieu of Rubella Goswami)
Accomplishments
Progress e-report, Waines (UC Riverside, CA):

Common bean root and shoot biomass were determined at flowering among 5 lines that differed for bush or vine type shoot morphology. They were bush types A-55, Midnight, Sanilac, and vine types Roza and SDIP-1. Shoot biomass varied more than 2-fold between Sanilac and Roza which were significantly different. Root biomass varied almost 3-fold between Sanilac and Roza which were significantly different. But there was no difference in the ratio of root weight to total weight. Root biomass between bush types Sanilac and A-55 varied almost 2-fold and were significantly different. Using wheat as a model crop plant, increasing root size in near-isogenic lines did increase water and nutrient uptake, grain yield, and decrease nitrate pollution of groundwater.
Transfer of male-sterility genes into commercial cultivars was continued.

Progress e-report, Temple (UC Davis, CA):

The UC Davis Dry Bean Breeding Program has historically supplied 98% of the California commercial production for large and baby lima beans, blackeyed cowpeas, and several classes of common beans. Commercial production of chickpeas benefits from both public and private varieties, and California growers and warehouses annually produce high quality planting stocks for a number of private dry bean varieties.

Recent California acreage of baby lima beans has recently fluctuated between 13 and 17 thousand acres, mostly planted to the varieties UC Luna and UC Mezcla. In 2010, following several years of extensive selection and testing, the program released a lygus-resistant vine baby lima (UC Haskell) and a bush baby lima (UC Beija-Flor), both with a high level of tolerance to the tarnished plant bug Lygus hesperus. Lygus is by far the biggest production concern for California-grown limas and cowpeas, and significant quantities of insecticides are used annually to control the pest, which feeds on a wide array of crop and weed hosts and has shown significant resistance buildup to those insecticides. The development of varieties with host plant resistance is a major step to managing the pest and reducing pesticide usage. The variety Beija-Flor also exhibits very good resistance to the populations of Meloidogyne incognita and M. javanica in field screenings at the UC Kearney Research and Extension Center. We anticipate these new varieties will enter commercial production in 2012.

Another 2010 advance was the final testing of a new cranberry variety. Cranberry is one of several miscellaneous classes grown on a modest scale to supply local food stores, and as gifts/payment in kind to farm laborers. The new Cranberry variety has consistently high yields (50% more than the variety Etna in 2010 studies), has strong root and main-stem systems, and is resistant to bean common mosaic virus and to shattering, which is a serious problem for many commercial cranberry varieties grown in California. The new Cranberry variety will join UC Canario 707 and UC Nichols dark red kidney in providing high-yielding common bean varieties for most of the state’s 8,000 acres of commercial production.

Testing has been completed to permit 2011 releases in several limited acreage classes of common beans.

Progress e-report, Brick (CO):

Commercial dry bean production in Colorado was estimated at 65,000 acres in 2010. The Dry Bean Breeding Project evaluated more than 12,000 lines in the breeding program and increased pure seed of two promising pinto breeding lines in western Colorado. The breeding program collaborated with state experiment station personnel from MI, NE, and ND as well as the USDA and private seed companies in the Cooperative Dry Bean Nursery, Midwest Regional Performance Nursery, the Western Regional Bean Trials and the Colorado Crops Testing Program to evaluate elite lines. There continues to be a need to provide producers and processors with updated information on cultivars and pest control to maximize economic return and reduce pesticide use. White mold disease reduces yield annually from 10 to 30 percent. During 2010, this project conducted a replicated field trial in white mold-infested grower fields to investigate the role and value of cultural practice modification that compared the effects of added fertilizer and fungicide when promising dry bean varieties are grown under varying irrigation systems. An ongoing germplasm improvement project with the University of Idaho (Shree Singh) is designed to pyramid white mold resistance from Phaseolus species of the primary and secondary gene pools and introgress the highest levels into pinto bean, the largest market class in the USA and North America. Research to evaluate fiber, sucrose, and oligosaccharide content of beans was conducted on a diverse set of germplasm. Breeding activities continue to incorporate novel sources of resistance to foliar rust, white mold disease, root pathogens, and bean common mosaic virus resistance.
The Dry Bean Breeding Project reported on yield levels for more than 50 experimental dry bean lines in collaborative nurseries. One pinto breeding line (CO55646) was increased for public release at the Fuita Research Center. Research on white mold disease and management determined that upright Type II cultivars maintain a lower relative humidity and higher temperature in the canopy, thus explains some of the effect of canopy architecture on avoidance to white mold pressure. Lines developed for white mold resistance in collaboration with University of Idaho exhibited higher levels of white mold resistance than the individual parents. Also, some of the lines had pinto-like seed. Likewise, interspecific breeding lines derived from Phaseolus coccineus and P. costaricensis, in general, had lower white mold scores than other resistant checks. Of 200 dry bean germplasm entries evaluated for bacterial wilt resistance, 96, 124, and 104 were rated as moderately resistant (less than 2.01) to the yellow, orange and purple isolates of bacterial wilt, respectively. Only 39 entries were rated resistant (less than 1.51) to all isolates represent a wide range of potentially useful parents based on their diversity of seed color. Outreach activities included two field days with grower/industry stakeholders, a newsletter distributed twice annually, and numerous contacts with growers.
Progress e-report, Singh (ID):
Fourteen hundred and seventy early generation families (F1:2 and F1:3) of mostly pinto market class derived from 19 populations along with 8 checks were evaluated in the low soil fertility production system at Kimberly, Idaho. A single-row plot 12.5 feet long without replicates was used. Some families possessed early to medium maturity, upright plant type, and tolerance to low soil fertility and zinc deficiency. Plants within approximately 650 selected families were harvested in bulk for further evaluations in 2011.

Thirty-one dry and green common bean germplasm of diverse origins were screened in the field at Kimberly for their reaction to beet curly top virus (BCTV) in a randomized complete block design with three replicates using viruliferous leafhoppers in collaboration with Carl Strausbaugh and Alex Karasev. Small black and red bean of the tropical Central American origin (e.g., T-39, Tio Canela 75) continued to exhibit higher levels of resistance to BCTV than other resistance groups of germplasm including race Durango. Although plants were inoculated with three different virus biotypes/strains only typical BCTV was detected from some infected genotypes. Also, there was no association between the ELISA test and visual disease scores.  

The 2010 Western Regional Bean Trial (WRBT) with 20 dry bean cultivars and breeding lines and national Cooperative Dry Bean Nursery (CDBN) with 27 genotypes were evaluated in replicated trials at Kimberly for general adaptation, growth habit, days to maturity, 100-seed weight, and seed yield. In the WRBT, pinto PT9-17, PT8-3, and La Paz and great northern Orion had high seed yield. In the CDBN, pinto Lariat, Stampede, and Othello had the highest seed yield in that order. Pinto IP08-2 developed for narrow-row spacing did not have high yields in either trial. Moreover, it did not provide architectural avoidance for white mold in the ADM trials in North Dakota despite its upright or erect plant type, growth habit Type II. 

The National Bean White Mold Nursery (BWMN) comprising 25 dry and green bean breeding lines and cultivars with three replicates was evaluated under severe disease pressure in the greenhouse at Kimberly.  Interspecific breeding lines VCW 54 and 92BG-7 derived from P. coccineus and dry bean genotypes A 195 and G 122 exhibited the highest levels of resistance to white mold.

The Idaho Dry Bean Trial (IDBT) with 24 genotypes and three replicates in a randomized complete block design was carried out in four production environments, namely high input, continual bean cropping, water stress, and low soil fertility at Kimberly in 2010. The IDBT comprised 9 pinto and 4 great northern breeding lines and 11 checks. These were tested for general adaptation, plant type, maturity, and seed characteristics including yield. They also were tested for reaction to bean common mosaic virus (BCMV), bean common mosaic necrosis virus (BCMNV), beet curly top virus (BCTV), common bacterial blight, white mold, and rust (in greenhouse at Fort Collins, Colorado). Harvested seed is cleaned, weighed, and stored at room temperature for characterizing for post-harvest darkening next spring. 

Progress e-report, Kelly (MI):

The MSU dry bean breeding program conducted 19 yield trials in eight market classes and participated in the growing and evaluation of the Cooperative Dry Bean, Midwest Regional Performance, and the National Sclerotinia Nurseries in Michigan in 2010 including a winter nursery in Puerto Rico. All yield trials at Frankenmuth were direct harvested, whereas the large-seeded kidney, cranberry and white mold trials at Montcalm were rod-pulled. Plots in Frankenmuth suffered from severe drought (3.25 inches rain from planting to harvest) that resulted in lower yields (average yield reduction exceeded 50% across nurseries compared to 2009) and some entries remained green and never matured. Plots at Montcalm had adequate rainfall and severe white mold infection developed under supplemental irrigation. As a result of the contrasting weather patterns, the program was able to identify sources of drought resistance in black, navy, pinto, red and great northern market classes and modest levels of white mold tolerance in cranberry and kidney bean trials. A new type-III vine cranberry bean variety, Bellagio was released by MSU in 2010. Bellagio is a vine cranberry that combines improved plant architecture, full-season maturity with disease resistance and superior canning quality. Bellagio possesses resistance to bean common mosaic virus and anthracnose, flowers in 43 days and matures in 96 days. A feeding experiment with rats was conducted to narrow the search for the component(s) of dry bean that inhibits development of colon cancer. Five hundred kg of black beans were cooked and dried. A portion of the processed beans was extracted with acidified aqueous-alcohol. The extract (approximately 5,300 L) was condensed under vacuum and low heat to approximately 350 L and then the condensed extract was mixed with corn starch and dried to allow incorporation in diets. Four diets were prepared – a control diet, a diet containing cooked-black beans, a diet containing bean residue remaining after extraction, and a diet containing bean extract. Tumor incidences were determined after feeding the diets for nine months and they were: control diet, 89%; cooked black beans, 45%; bean residue remaining after aqueous-alcohol extraction, 28%, and extracted bean components, 61%. The aqueous-alcohol extract was expected to provide the greatest protection against development of colon cancer; however, removing the aqueous-alcohol soluble components from bean actually increased the cancer inhibiting potential of beans. The search for cancer inhibiting bean components will now focus on the residue remaining after extraction.
Progress e-report, Nienhuis (WI):

Sugars are an important part of the nutritional and flavor profile of fresh pods in Phaselous vulgaris. Interestingly, little is known about the development and overall magnitude of sugar compounds in fresh pods. The 6-carbon sugars, glucose and fructose, along with the 12-carbon sucrose, make up a significant part of the human diet as well as contribute heavily to the flavor. To study sugar development in pods over time, 6 cultivars, 3 of Andean origin and 3 of Mesoamerican origin were planted in a standard randomized block field trial. Pods were harvested at 5 distinct levels of maturity and bulked for analysis. Each level was designated a specific sieve size and was measured 90 degrees off the suture. Consultation discussions with several bean breeders originally showed a great deal of interest in the topic of sugar profile development. No breeder has previous knowledge of such data or work being completed. Additionally, through these conversations the method to standardize by sieve size was decided. Currently, as the information is being further synthesized and scrutinized for statistical correlations and significances, knowledge is being shared with breeders of interest. A majority of this communication of knowledge takes place during conversations regarding the topic. To study the magnitude of difference between cultivars, 20 cultivars, ranging from heirloom to modern commercial lines, were planted in a standard randomized block field trial. Pods were harvested at one standard sieve size and bulked for analysis. The 20 cultivars were selected in part by including the suggestion of bean breeders. All bean breeders that were consulted about the project had an interest in assaying the magnitudes of sugars in one particular cultivar or another. Specific data regarding any suggested cultivars will be shared with interested parties once all statistical analysis has been completed in the form of a simple report and table. While developing the research and field trials for the aforementioned projects, many parties in the conversation were also interested in the possibility of discovering molecular markers or QTLs associated with sugars. To respond to this interest, a previously developed recombinant inbred line population consisting of a cross between cultivars Eagle and Puebla 152 was planted in a completely randomized block field trial. Pods were harvested on all RIL at a standard sieve size and bulked for analysis. The formalized report of the discovery of any linked markers or QTLs to sugars in Phaseolus vulgaris will be in the form of journal publication. The timeline of this publication depends completely on the returning of HPLC results, an unpredictable variable due to the heavy demand placed on the use of this piece of equipment. However, the initial analysis of the incomplete data set suggests that a significant QTL does exist for each of the three sugars. These preliminary results have been shared with the current parties of interest via conversations and open dialogue.
The project had three main focuses: one, the characterization of sugar development of fresh pods over time; two, the characterization of the magnitudes of difference between cultivars; and three, the identification of QTLs associated with sugar development in fresh pods of Phaseolus vulgaris. Several important resources were necessary for the success of this project: 1) the availability of bean breeders in the community to discuss the possible methods of conducting the trials, 2) field inputs, and labor, and 3) the previously developed recombinant inbred line population. Our original findings and their impacts follow below and are grouped by focus. Sugar development: characterization of fructose, glucose, and sucrose revealed that significantly different models represent the development of sugars. Most cultivars showed a quadratic regression for fructose development, starting low, peaking in the middle of our scale, and quickly dropping as seed set began. However, a mixture of quadratic and linear models best described the glucose and sucrose development in the 6 cultivars. Not surprisingly, as fructose and glucose levels depleted near seed set, sucrose quickly began to rise. This correlates well with the fact that sucrose is a more complex storage sugar. Additionally, cultivar models showed evidence of having significantly different intercepts and slopes. The most direct impact of this new knowledge will likely be causation for further investigation. Magnitudes of differences: sugar profiles of the 20 cultivars were taken at a standard sieve size. This method of standardization was highly repeatable. Additionally, the ethanol based sugar extraction method that was adapted to this program was both high throughput and repeatable. Both of these methods will likely be used in similar future research. The initial analysis of the sugar profiles of these 20 cultivars revealed significant differences. Drastic differences were seen between the low and high value of fructose, with a near 10-fold difference. The vast repeatable differences observed between cultivars will impact future decisions to use one cultivar versus another when breeding for high or low sugar content. QTLs associated with sugars: A 75-line recombinant inbred line population consisting of a cross between the snap bean cultivar Eagle and the dry bean cultivar Puebla 152 was used to search for QTLs. Initial analysis has identified at least one significant QTL for each of the three sugars. The addition of more data will be added to this analysis in the near future as results continue to be returned from the HPLC analysis. Ultimately, the identification of this QTL and the correlation of its associated markers with the already publicized integrated Phaseolus vulgaris marker map will allow for the use of marker-assisted breeding methodologies when breeding for high or low sugar content. The ability to screen lines for a marker associated with high or low sugar content will greatly increase the ability of any breeder to focus on these important nutritional and flavor compounds in the fresh pods of common bean.

Progress e-report, Miklas (WA):

For CBB: The cranberry bean germplasm release USCR-CBB-20 was published in the Journal of Plant Registrations in 2011. This germplasm line possesses the SU91 and SAP6 QTL, respectively, and will be most useful for improving resistance to Xap in cranberry, kidney, and other large-seeded beans of Andean origin. The interaction between SU91 and SAP6 QTL on level of resistance to common bacterial blight is being investigated in an inbred line population by Miklas and Porch.
For HBB: The Pse-2 gene for halo bacterial blight resistance provides protection against 7 of 9 Psp races. This gene was mapped to chromosome 10 and again dry bean-soybean genomic synteny was used to validate the map location.
For white mold: A comparative map with 35 QTL conditioning resistance to white mold coalesced into 21 distinct regions across 9 chromosomes. Synteny between P. vulgaris and G. max continues to be leveraged for fine mapping QTL conditioning resistance to white mold in common bean. The WM8.3 QTL was narrowed from 9 cM to 3 cM interval by populating the region with indel markers. The indels were developed by leveraging   soybean genome and new scaffolds of P. vulgaris (G19833) sequence from the whole genome sequence project aligned with 1x methyl filtrate genome sequence for BAT 93.  A RNAseq study was initiated to find a candidate gene for the WM8.3 QTL.  

For potyvirus: Ongoing studies reveal that the bc-1(2) locus for BCMV resistance is associated with resistance to Peanut mottle virus (PeMoV); and that this locus is independent of the Pmv gene. 
For CDBN: There were 20 cultivars and advanced breeding lines from seven breeders, including three checks, representing five market classes(12 pinto, 3 black, 3 navy, 1 vine-cranberry, and one light red kidney), entered into the 2010 nursery. Data was collected from 10 locations (CA, CO, ID, MI, MT, NE, NY, ON, WA, WY) showed Lariat pinto, Eclipse black, and Avalanche navy bean, to have the highest yields for the respective market classes. Half of the entries exhibited resistance to rust in the ARS Beltsville field disease nursery.
Progress e-report, Welsh (WA):
From January 2010 through December 2010 the Phaseolus germplasm maintenance program continued with the regular seed increase program.  The curator tests accessions as possible when the accessions are increased.  An emphasis is placed on testing accessions not previously analyzed for virus contamination.   Accessions are warranted to be virus-free or the requestor is notified that the accession cannot be certified virus-free.   There are seventeen thousand ninety six (17, 096) accessions in the Phaseolus collection as of December 2010.  Twelve thousand three hundred fifty seven (12,357) accessions are backed up at the NCPRG in Fort Collins, CO.  One thousand four hundred and nine (1409) accessions were added to the collection and passport data on this material has been entered into GRIN.  Distribution of Phaseolus germplasm from 01/01/2010  to 12/30/2010 was 2228 accessions from 21 specie or variety groups. Species in the collection represent 49 of the 115 recognized Phaseolus taxa.
Progress e-report, Beaver (Puerto Rico):
The light red kidney bean variety Badillo was released cooperatively by the University of Puerto Rico Agricultural Experiment Station and the Tropical Agricultural Research Station / USDA-ARS. Badillo has resistance to bean common mosaic virus (BCMV) and common bacterial blight [caused by Xanthomonas axonopodis pv. phaseoli (Smith) Dye].  The UPR participated in the release of heat tolerant kidney bean germplasm lines TARS-HT1 and TARS-HT2.  The white bean breeding line PR0634-13 combines resistance to BGYMV, BCMV and bean common mosaic necrosis virus (BCMNV) and yields as well as Verano. The pink bean breeding line PR0401-259, that combines resistance to BGYMV, BCMV common bacterial blight and web blight, and the black bean breeding line PR0650-31, that combines resistance to BCMV common bacterial blight and web blight, are candidates for release as improved germplasm. White bean breeding lines that combine resistance to BGYMV, BCMNV, BCMV, common bacterial blight and rust are being developed. Interspecific (P. vulgaris x P. coccineus) breeding lines were screened in Puerto Rico for resistance to web blight and at the University of Idaho for resistance to white mold.  Resistance to common bacterial blight that is linked to SCAR marker SAP 6 was found to be conferred by a single dominant gene. Results from this inheritance study will be published in Euphytica. During the past year, 4,289 bean breeding lines from Michigan State University, the University of Nebraska, North Dakota State University, the University of Delaware and the USDA-ARS were advanced one generation in a winter nursery

Progress e-report, Porch (Puerto Rico)

Several heat tolerant kidney germplasm lines (TARS-HT1 and TARS-HT2) were released, one with tolerance to high day and night temperatures and the other to high daytime temperatures. Collaborative evaluation of snap bean lines under high temperature conditions continues with the Cornell University. Following multi-state yield trials of superior lines from the shuttle breeding program between USDA-ARS and the University of Nebraska, two multiple-stress tolerant black bean lines, TARS-MST1 and SB-DT1, are being released. In addition to tolerance to high temperature and drought, TARS-MST1 has resistance to common bacterial blight, and both lines have tolerance to root rot. Several other classes are being considered for release from the shuttle breeding program. Advanced lines for root rot resistance, but also combining common bacterial blight (CBB) resistance and tolerance to low fertility, resulting from two cycles of recurrent selection, were evaluated over two years under root rot and CBB pressure in Geneva, New York. Several lines for root rot resistance are being evaluated for potential release. Newly acquired germplasm from CIAT is being evaluated for integration in the conversion program.

RIL populations for the evaluation of the genetics of drought tolerance have been generated collaboratively in Andean and Mesoamerican backgrounds. Evaluation of one of these RIL populations was initiated in 2010. The BeanCAP Association mapping population is being evaluated in PR in 2010-11 under non-stress and drought stress conditions. In collaborative work with the University of Puerto Rico, a dominant gene for common bacterial blight resistance was identified. Over 2,400 M4 EMS mutagenized lines have been generated in the BAT 93 genetic background and TILLING protocols are being implemented with several gene specific primers. 

Progress e-report, Myers (OR):
The main focus of the breeding program is to develop white mold resistant bush blue lake green beans. Our long term approach has been to introgress resistance from P. coccineus using the backcross-inbred (BCIB) method. Three populations have been studied (OR 91G/PI25596, OR 91G/PI433251B and OR 91G/PI433251B) and five QTL have been identified on Pv02, Pv03, Pv05, and Pv09. The populations had severe segregation distortion and not all linkage groups were represented in each population. Segregation distortion took the form of too many heterozygotes and too few of the donor parent alleles. Residual heterozygosity is probably retained long after it should have decayed by selection for normal phenotype, which favors the heterozygous condition over homozygous P. coccineus alleles in a P. vulgaris background.  As for the missing linkage groups, these appeared to be missing at random since polymorphic markers (with positions known from P. vulgaris SSR maps) were present for each linkage group in each population.  These five QTL are being validated by crossing to OSU 5613 BBL green bean and Beryl great northern.  Segregation for selected markers and phenotypic expression will be examined in the F2 and higher generations where families can be produced for phenotyping.  A total of 19 BCIB lines from all three populations are being used in these crosses. BBL advanced lines with the NY6020 partial resistance were developed by selecting in two seasons under moderate white mold pressure. Lines were also selected for improved plant architecture.  These are currently being screened in a greenhouse straw test and with the Pv07 and Pv08 QTL markers.  These lines will be trialed in the field to evaluate processing quality and yield.  An advanced breeding line, OSU 6443 is being considered for release. It has about 1/2 T/A higher yield advantage over OSU 5630, and possesses very high quality pods and a significantly better growth habit.

Bean research is focused on breeding snap beans to support the processed vegetable industry in the Willamette Valley, who grow about 18,500 A of bush blue lake green beans. Most of the acreage grown by the industry is OR 91G but a recent release, OSU 5630 now occupies about 1/2 of the acreage. OSU 5630 shows about a one T/A yield advantage, and has better uniformity and quality than OR 91G. The value of total production for processed beans averages $22 million, which leads to an estimate of $11.0 million in farm gate sales for this OSU 5630 in 2010. Moreover, processors in the Willamette Valley indicate that they will be switching almost entirely from OR 91G to OSU 5630 in the next few years.
Progress e-report, Goswami (ND):
Disease surveys have been conducted in the major dry bean growing counties along the Red River Valley in North Dakota and white mold, bacterial blight, rust, anthracnose and root rots were identified as the major disease concerns in the region.

Fusarium species were identified as the primary cause of root rots along with Rhizoctonia solani, which is often found in association with the Fusarium species. In addition to F. solani, the traditional root rot causing Fusarium species, several other species commonly associated with cereals have been found to be infecting dry beans including F. graminearum, F. sporotrichiodes, F. acuminatum and F. redolans. Screening of commercial varieties for resistance under field and green-house conditions shows that the variety Vax 3 holds promise as a source of resistance against both Fusarium and Rhizoctonia species.
A new race of the dry bean rust pathogen, Uromyces appendiculatus was detected in North Dakota in 2008. Varietal screenings as well as fungicide trials to help in its management are currently in progress. Recently, one of the NDSU varieties was found to be segregating for resistance to the new race and is being purified in a joint effort between the plant breeding and pathology teams. Moreover, several currently available fungicides are showing promising results in controlling rust under field conditions.

An evaluation of the races of the anthracnose pathogen Colletotrichum lindemuthianum was published from North Dakota this year and a similar evaluation for the halo blight pathogen Pseudomonas syringae pv. phaseolicola is in progress.

Progress e-report, Osorno (ND):
The main activities involving the North Dakota State University (NDSU) station in this multistate project were related to the discovery, identification, and characterization of a new race of bean rust detected at the end of the 2008 growing season. Typical symptoms of bean rust were found in Traill County, in cultivars previously known as resistant. Historically, the Ur-3 gene has been able to control all the races of bean rust present in the region. Most commercial cultivars used across the region contain the Ur-3 gene. However, this gene is overcome by the new race. In 2007, Michigan reported the presence of a new race of bean rust, also detected at the end of the growing season. Since then, intensive collaborative work with members of this multistate project had allowed a better understanding of the whole situation. Race typing made by the bean pathologist at USDA-ARS at Beltsville, MD showed that the two races are somehow similar, but not identical. Based on the reaction obtained from the differential lines, the Michigan race has been classified as 22-2 and the North Dakota race as 20-3. The genes Ur-5, Ur-7, and Ur-11 are able to control these races. A screening made in North Dakota with the cultivars most commonly grown in the region showed that most of them were susceptible. However, few possible sources of resistance have been identified as well. The disease was again detected in North Dakota during the 2009 growing season, this time in more fields but still remain confined to the same county. Additional activities involving this multistate project are the screening of breeding lines for white mold, root rots, common bacterial blight, halo blight, and brown spot, and drought tolerance, among others. Screening of genotypes tolerant to drought conditions is underway in collaboration with UNL and USDA-TARS. Germplasm exchange has been facilitated by some regional trials such as the Cooperative Dry Bean Nursery (CDBN) and the Midwest Regional Performance Nursery (MRPN). Finally, a new canning facility is being conditioned at NDSU in order to provide canning tests not only to the NDSU dry bean breeding program, but to other institutions interested. Standardization of protocols is underway and hopefully, it will be ready for routine evaluation soon. In addition, the writing of the project renewal is in the final stages and it will be submitted soon. North Dakota is leading the renewal process.

One of the objectives of the W2150 multi-state project is to broaden the genetic base of bean cultivars of major market classes by characterizing and using exotic germplasm. An essential tool in germplasm characterization is the availability of a broad array of molecular markers that are distributed throughout the genome and can be analyzed in high- or low-throughput fashion. When such markers are selectively neutral, they provide information on the genetic relationship and distance among accessions. When subjected to selection, either directly or indirectly through hitchhiking, they provide information on the selection regime (strength, potential cause, etc.). Thus, improved characterization and utilization of germplasm require an abundance of well-characterized, mapped markers. The PhaseolusGenes database was initiated to provide a central source of information on existing markers and potential new markers derived from recent genomic information. The latter information includes expressed sequence tags (EST), genome-survey sequences resulting from physically mapped BAC-end sequences and a 1x methyl-filtrated sequence, and – eventually – two whole-genome sequences corresponding to the two major gene pools of common bean. The database will consist of three hyperlinked components: 1) searchable marker table with essential information such as marker and PCR primer sequences, linkage group (when available), and publication reference and URL; 2) genome browser based currently on the soybean whole-genome sequence while awaiting the availability of the two whole-genome sequences of bean, with tracks for different categories of sequence-based markers, such as STS, SSR, and SCARs; and 3) a CMap representation of the molecular linkage map in BAT93 x Jalo EEP558. Currently, the PhaseolusGenes database includes information on 2155 markers, 42% of which have been genetically mapped. The most important categories include 90 SCAR markers (mainly tagging resistance genes), 756 STS markers mainly describing synteny between beans and other legumes such as cowpea, soybean, Medicago truncatula, and Lotus japonicas, and 1274 SSR markers. The latter include several series of SSRs from different sources, including the BM, BMb, BMc, BMd, IAC, IAC-SSR, Pv, PVBR, and PvM series. A 1x raw DNA sequence from methyl-filtrated BAT93 DNA sequence (263.5 Mbp or ~44% of the bean genome) yielded over 160,000 microsatellite motifs (considering repeat motifs with 2 to 6 bp and at least 4 repeats). This represents an average of 1 SSR/1,650 bp. When considering only those motifs repeated at least 10 times, the number of microsatellites is reduced to ~7,000 or 1 SSR/38,000 bp, still a sizable number for a high-density molecular linkage map. The sequence reads containing SSR motifs have been mapped onto the soybean whole-genome sequence displayed in the PhaseolusGenes genome browser.

Progress e-report, Griffith (NY):
Four light red kidney lines were developed from the breeding program by Don Wallace.  These include:  773-V98 (now named Wallace), 1062-V98, NY104 and NY105, all of which have been sent to Idaho for commercial seed increase.  One of the primary purposes has been to identify lines with yield and canning quality comparable to or higher than RedKanner, but with earlier maturity. Each year, from 2004 through 2009, crosses were made in the Ithaca greenhouses between several Wallace cultivars and lines, white mold resistant lines from the Griffiths project and some other established cultivars. These crosses were planted in the field each summer and selections were made advancing them to later generations. Crosses made included several light red kidney cultivars and lines that have been tested for maturity, yield and canning quality, that were crossed to each other as well as to promising white mold resistant lines out of the Griffiths program. Six new white mold resistant lines from the Griffiths program (Cornell 607, 608, 609, 610, 611 and 612) were included in field research plots in summer 2010 to compare their yield and maturity performance with other cultivars.  Acceptable performance for quality, canning, maturity and yield could lead to the development and release of dry bean cultivars with high levels of resistance to white mold. For snap beans, 15 lines were selected with high levels of resistance and crossed to 2 small-sieve types.  Of the 30 possible cross combinations, 23 segregating F2 populations were derived and planted in fall 2009 for selection of plant type and seed quality, prior to selection of white mold resistance at the F3 generation.  The 23 newly selected lines were advanced, and the twelve parents were progeny tested, selecting the 7 with the highest level of resistance. F3 population trials were determined based on these selections.  Large-sieve white seeded lines were also selected from these populations in fall 2010 and are currently being harvested for confirmation through progeny testing.

Combination of virus resistance genes was worked on to enhance the protection of snap bean cultivars for the NY marketplace. Combining breeding lines derived from the CMV, BYMV, CYVV and BCMV sources has resulted in a better understanding of the mechanisms and the desirable gene combinations and have also resulted in cross resistance (resistance to one virus providing resistance to other viruses).  These virus resistance genes are being moved into snap bean as part of a parallel backcrossing program into the same source. Heat tolerant selections were tested for rust resistant genes Ur 4 and Ur 11 in Spring 2008 and Fall 2009 at the USDA-ARS in Beltsville, MD, and 11 lines were identified that were homozygous for the two rust genes.  Three of these eleven lines were identified as having high levels of heat tolerance, and one as being highly sensitive to heat.  These were used to generate a new round of crossing for selection of heat and rust resistance.  A promising breeding line for heat tolerance has been developed from a cross between 611 and Hystyle.  This line is has performed as the top entry in Juana Diaz trials 2008-2010 and is currently designated as CHT7. The Extension dry bean program in 2010 evaluated 199 new and standard cultivars and breeding lines, including those in the early stages of development from NY crosses.  These included lines/cultivars developed out of public programs and private commercial companies in the US and Canada. 

Progress e-report, Gepts (UC Davis, CA)

One of the objectives of the W2150 multi-state project is to broaden the genetic base of bean cultivars of major market classes by characterizing and using exotic germplasm. An essential tool in germplasm characterization is the availability of a broad array of molecular markers that are distributed throughout the genome and can be analyzed in high- or low-throughput fashion. When such markers are selectively neutral, they provide information on the genetic relationship and distance among accessions. When subjected to selection, either directly or indirectly through hitchhiking, they provide information on the selection regime (strength, potential cause, etc.). Thus, improved characterization and utilization of germplasm require an abundance of well-characterized, mapped markers. The PhaseolusGenes database was initiated to provide a central source of information on existing markers and potential new markers derived from recent genomic information. The latter information includes expressed sequence tags (EST), genome-survey sequences resulting from physically mapped BAC-end sequences and a 1x methyl-filtrated sequence, and – eventually – two whole-genome sequences corresponding to the two major gene pools of common bean. The database will consist of three hyperlinked components: 1) searchable marker table with essential information such as marker and PCR primer sequences, linkage group (when available), and publication reference and URL; 2) genome browser based currently on the soybean whole-genome sequence while awaiting the availability of the two whole-genome sequences of bean, with tracks for different categories of sequence-based markers, such as STS, SSR, and SCARs; and 3) a CMap representation of the molecular linkage map in BAT93 x Jalo EEP558. Currently, the PhaseolusGenes database includes information on 2155 markers, 42% of which have been genetically mapped. The most important categories include 90 SCAR markers (mainly tagging resistance genes), 756 STS markers mainly describing synteny between beans and other legumes such as cowpea, soybean, Medicago truncatula, and Lotus japonicas, and 1274 SSR markers. The latter include several series of SSRs from different sources, including the BM, BMb, BMc, BMd, IAC, IAC-SSR, Pv, PVBR, and PvM series. A 1x raw DNA sequence from methyl-filtrated BAT93 DNA sequence (263.5 Mbp or ~44% of the bean genome) yielded over 160,000 microsatellite motifs (considering repeat motifs with 2 to 6 bp and at least 4 repeats). This represents an average of 1 SSR/1,650 bp. When considering only those motifs repeated at least 10 times, the number of microsatellites is reduced to ~7,000 or 1 SSR/38,000 bp, still a sizable number for a high-density molecular linkage map. The sequence reads containing SSR motifs have been mapped onto the soybean whole-genome sequence displayed in the PhaseolusGenes genome browser.

Progress e-report, Brown (AZ):

The primary objective of the Brown laboratory (University of Arizona) is to address biotic stress imposed by insect-borne viruses that threaten bean production in the southern (FL, TX) and western (AZ, CO, NM, MT, OR, WA, ID) U.S.A. Surveys are undertaken when possible in northwest coastal Mexico and the Caribbean region, most particularly in Puerto Rico and the Dominican Republic where bean and other legume crops are subjected to tropical virus-vector complexes and therefore serve as sentinel indicators of potential new threats to winter bean nurseries grown in Puerto Rico and/or of subsequent impending introductions to the North American continent.  The main viral groups addressed include curtoviruses (leafhopper vector) and begomoviruses (whitefly vector), both in the family, Geminiviridae, which are endemic or introduced into study areas.  Exotic viruses that pose a serious threat to bean production are Tomato yellow leaf curl virus (begomovirus) and Cucurbit yellow stunting disorder (crinivirus), both from the Middle East, and Cowpea mild mottle virus (CPMMV), a seed borne, mechanically transmissible Carla-like virus that is transmitted by the whitefly vector Bemisia tabaci in a non-persistent manner. CPMMV is endemic in parts of Africa from where it has spread to India, some South Pacific Islands, Brazil, and Puerto Rico.  The host range of CPMMV includes Canavalia ensiformis, Arachis hypogaea, Phaseolus lunatus, P. vulgaris, Psophocarpus tetragonolobus, Glycine max, tomato, Vigna mungo, V. subterranea, V. unguiculata, Vicia faba, and wild Fabaceae. CPMMV is of particular concern because of its presence in Puerto Rico where U.S. bean nurseries are increased during the winter, thus the virus is likely to contaminate exposed bean and soybean germplasm from where it can be spread into bean breeding programs and eventually into commercial legume crops.
Progress e-report, Steadman and Urrea (NE)
Our regional project involves testing putative sources of resistance to Sclerotinia sclerotiorum, cause of white mold (WM), at multiple sites located in most bean production areas of the U.S. Fourteen field/greenhouse tests were conducted at 9 locations by cooperators in 2009-2010. Every location now uses the same protocol for rating the greenhouse straw test screening method. Disease severity often is variable at screening sites from different regions; this supports the need for multi-site testing. Since the inception of multi-site testing at the beginning of this project, a study of S. sclerotiorum isolates from these multi-sites found high variability in pathogen haplotypes and aggressiveness. Two new similar rust races virulent on bean cultivars with Ur-3 gene resistance have been reported in ND and MI. Very similar races have been found in Nebraska over the past two decades. A cooperative research project with a USDA scientist in Beltsville provided data for selecting the best breeding lines with rust resistance and common bacterial blight in an environment different from the High Plains. All elite and advanced NE germplasm and recent GN release Coyne have 2-3 rust resistance genes and are resistant to the new races. A unique bean rust resistance gene, from an interspecific cross in the secondary gene pool, has been identified and is being mapped. This gene is resistant to the most virulent races in the Americas. In regional trials conducted in ND, NE, MI, and CO; NE1-08-29 and NE1-06-11 breeding lines were the top yielders, with a yield of 2460 and 2430 lbs/ac, respectively. In another regional trial conducted in WA, CO and NE, great northern Coyne had the highest yield of 2257 lbs/ac. We compile and summarize data from the Western Regional Bean Trial in ID, WA, CO, and NE and the multi-site white mold resistance tests. NE participates in the Midwest Regional Performance Nursery and the Cooperative Dry Bean Nursery. A shuttle breeding program with Puerto Rico is facilitating development of heat, drought and root rot tolerant dry bean germplasm. The great northern germplasm ABC Weihing, and cultivar Coyne, released in 2008, carry one and two SCARs for common bacterial blight and bean rust resistance, respectively.
Impact Statements:

1. Varieties developed through the Cooperative Dry Bean Nursery, Midwest Regional Performance Nursery, the Western Regional Bean Trials, and related University and regional trials have resulted in bean varieties with greater multiple biotic and abiotic resistance, easier harvesting with good plant structure, and higher yields.  University and USDA scientists, and private companies continue collaborating in these efforts to identify and select the most resistant and highest yielding breeding materials and varieties.  In some cases, especially for snap beans in the Willamette Valley, OR and dry beans throughout the country and Puerto Rico, these varieties are grown on 95-100% of the grower/industry acreage.  These new varieties help reduce production costs and increase grower income, and provide more consistent yields and vegetable harvest timing.
2. Our collaborations through the multistate project allow us to quickly identify and disseminate information about new disease and insect strains such as the new race of bean rust, Ur-11 and the new Q biotype of whitefly that was presented in this report.  The W1150 establishes important links for developing solutions to production problems that often occur in more than one state and region.  This not only benefits the research scientists and private sector, but it also allows for the rapid transfer of information to growers and other interested parties.  This year, outreach activities at several Universities benefited from the multi-state collaborative research and information which was presented in extension bulletins, field days, and the Legume PIPE community (http://legume.ipmpipe.org/cgi-bin/sbr/public.cgi).

3. As mentioned in the Idaho report, erect or upright plant habit, type II, does not always provide resistance to white mold.  Given the large number of genes involved for white mold resistance and the nature of this disease under different environments, the multistate W1150 trials provided a valuable tool for identifying new varieties and sources of resistance this past year.  Several dry and snap bean lines were identified as having strong resistance and potential for future release and use in breeding.
4. Viruses continue to be an area of needed discovery, and the collaborations have provided new information.  Research in Arizona particularly with regard to curtoviruses (leafhopper vector) and begomoviruses (whitefly vector) in Puerto Rico and other locations, has opened new doors for understanding about the genetics, taxonomy, hosts, identification, and dissemination of these viruses.  Research in New York has and will provide new information regarding the genetics and breeding for resistance to viruses found in the CMV complex in the Upper Midwest and New York.

5. Several heat tolerant bean varieties and breeding lines were identified or released this past year as a result of collaborative nursery research efforts and testing in the W1150.  Heat tolerance is necessary for improving pod set and yield under high temperatures, and preventing split pod set which can cause harvest timing issues for snap beans.  This improvement will not only benefit the USA, but it will also allow expansion of bean growing regions in other countries.

6. One thousand four hundred and nine accessions were added to the USDA-ARS-WRPIS Phaseolus germplasm collection and passport data on this material has been entered into GRIN.  Some of the materials distributed between January and the end of December 2010 will be tested by W1150 collaborators to help identify new sources of disease resistance.
7. Drought tolerance was identified in 5 market classes as a result of weather conditions in Michigan and collaborative efforts in Nebraska and Puerto Rico.  This has resulted in the release of drought tolerant breeding lines, and will continue to improve the productivity and profitability of beans for producers in areas often affected by drought.  

8. Inheritance studies including QTL identification and generation of trait-linked DNA markers for marker-assisted breeding purposes have improved our knowledge base and helped to fill our tool box used for breeding disease resistance in beans. The knowledge gained and technical tools generated have facilitated the development of varieties with improved disease resistance. These varieties improve profitability and reduce pesticide use.
9. The PhaseolusGenes database was a valuable tool for identifying new markers for disease resistance genes, and aided the search for genes with potential resistance based on genes in other crops such as soybean and Arabidopsis this past year in the W1150.  This database will continue to be a useful tool in the future, for developing markers and marker assisted selection.

10. Wisconsin research opened up new avenues to understanding the differences in sugar content of green pods among bean varieties.  Future research based on the developed methods and differences among varieties, could open up opportunities for use of QTLs for marker-assisted selection of snap bean varieties with high or low sugar content, which could affect nutritional and other green pod quality traits.
