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3.  PROGRESS AND PRINCIPAL ACCOMPLISHMENTS

A. Acquisitions and associated work

Bamberg and del Rio collected the Santa Catalinas in SE Arizona in late September (supported with extramural funding from USDA), sampling 15 new fendleri sites (report available on request).  That expedition was prompted by research which identified the area as particularly rich in unique AFLP alleles, and a follow-up marker study was initiated to confirm.  Bamberg and family also re-collected fendleri which did not establish in the genebank from the 2008 expedition to the Pinalenos and searched (unsuccessfully) two reported jamesii sites in the Dragoons and San Pedro river banks near Sierra Vista, respectively, and made one new collection of fendleri on the Barfoot Lookout trail in the Chiricahuas.  One new fendleri population was received as a donation from the Guadalupe mountains, Texas, and a study was initiated to compare this and new (2007) Guadalupe collections to existing genebank samples from the closest sites.  Preliminary plans and collecting permits were obtained for the Santa Rita mountains of SE Arizona for 2010.  Tuberization and clustering of plants by phenotype was assessed for USA fendleri versus LON from Mexico.  

Five papers were published in 2009 and through June 2010 using stocks collected by genebank staff in the USA, on these themes:  anti-cancer proliferation factors, extreme tuber dormancy and very low tuber pH in jamesii, comparison of genetics from “easy” versus “remote” collecting sites, comparison of genetics from collecting tubers versus seeds (see publications section).   

Five new acquisitions were from S. Kiru’s VIR (Russia) late blight breeding program, 21 Arizona collections by Bamberg and associates, 2 monoploid clones of R. Veilleux sequencing standards, 17 primitive cultivars from CIP (Peru), the US cultivar Krantz from C. Thill, and one complex seedlot from E. Leue of PanAmerican Plant Research carrying the topiary mutant which had been lost from its original infundibuliforme population in the genebank. 

The NRSP-6 web page (http://www.ars-grin.gov/nr6) was updated to include all new stocks and screening information.  Clients who have ordered from NRSP-6 within the past four years were contacted three times in 2009, informing them of new stocks of true seed, tubers, in vitro plantlets, or herbarium samples.  

B.  Preservation and Evaluation 
We increased 238 wild seed populations, performed 700 PSTVd tests, 1003 germination tests, 20 ploidy determinations, and 25 tetrazolium seed viability tests.  Cultivated species can be difficult to seed increase under screen or glass, so a backlog had developed.  Over 8 seasons we have removed most of that backlog by growing over 800 accessions (mostly andigena) in the field for OP seeds.  This compromises the distinctiveness of the original material, but that seed was already produced mostly on samples of uncertain identity and genetic composition, and, unlike wild species, having no natural site of origin.   

Multiplex testing projects:  We are attempting to organize more efficient screening by designing multiple uses for a single array of samples.  Thus, some 400 cultivated stocks will generate field tubers over the 2009 and 2010 seasons for testing the appetite suppressant PI2 (Kemin Co.), starch type (Jansky), folate and thiamine (Goyer), antioxidants and tomatine for anti-cancer (Navarre), potassium (CIP, Lozoya), pH (Bamberg), calcium (Palta).  We do not necessarily have a plan or funding for evaluating all traits for all items, but to the extent that samples are stable, they will provide an available resource into the future.  On the wild side, we have been generating replicate sets of tubers of all genebank microdontum for several years, and have been pursuing evaluation data on traits for which mcd excels, such as low pH, high calcium, soft rot and late blight resistance, high protein and antioxidants.  The multiplex approach allows detection of links between these traits.  And, since these wild mcd accessions are linked to a known ecogeographic data, associations between traits and origin environment can also be detected.  DNA markers will also be generated to detect associations of these characteristics with genetics.  A grant was submitted to NSF to support this.

For this microdontum project, we also investigated, for the first time, variation for tuber greening, and found what appear to be wide and repeatable differences.  We are re-growing tubers of selected genotypes to see if resistance to greening will carry over to the next tuber generation.  

In cooperation with CIP (Tay et al.), UW (Palta), and Peruvian native highland farmers we made frost hardy hybrids here and tested them on location in Peru.  The same cooperators continued testing of calcium uptake and yield benefit (striking in some cases) for native cultivars tested on location in Peru.

When we assessed red skinned tuberosum breeding stocks selected for differences in pH, no clear association of skin brightness after boiling or steaming could be detected.   This needs to be repeated with more individuals segregating to wider extremes of pH.

We continued testing spontaneous field seed increases of selfing species under floating bee-proof mesh.

S. phureja/stenotomum is a cultivated species with known potential for several useful traits.  About 70 populations recurrently-selected many years ago by Frank Haynes are being field grown to test tuberization compared to unselected versions of these species from the genebank. 

We pursued a better understanding of gibberellin genetics.  Diploid dwarfs were observed to produce shoots revertant to normal phenotype much more frequently than tetraploid dwarfs.  Testcross seed was made on five revertant diploids and one revertant tetraploid.  Dwarf progeny proportion from a selfed revertant tetraploid suggests that it became simplex.  Testcross seed was also generated on three Russet Norkotah sports (obtained from J.C. Miller) to test the idea that such sports similarly represent somatic conversion of a recessive ga1 to the dominant allele.    

We tested variations for several techniques:  TDZ for flowering and fruitset, oryzalin for chromosome condensing and ploidy doubling, media and gels for rooting cuttings, increased light intensity for seedling germination and performance.

We conducted a literature search on AGEs to assess potential of investigation of potato germplasm impact on risk of diabetes. 

The in vitro collection of cultivars was tested for viruses by A. Charkowski, Madison.  

C.  Classification 

Dr. Spooner et al. have published and are working on five different areas of potato research:  1) molecular markers for genebank studies, 2) cultivated potato origins, 3) relationships in wild tomatoes  and potatoes, 4) the predictive power of taxonomy relative to disease resistance data, and 5) a linkage map for late blight resistance in wild potatoes.  

D.  Distribution
The volume and types of stocks sent to various consignee categories are summarized in the table below.  NRSP-6 distributed 191 orders to clients in 33 states of the USA and 26 orders to 11 other countries.  

	Units of Germplasm Sent1

	Category
	Seed
	TU
	TC
	IV
	DNA
	Plants
	Herb
	Total
	PIs

	Domestic
	1,573
	1,159
	1,766
	     308
	206
	0
	0
	5,012
	3,297

	Foreign
	8,203
	0
	22
	151
	0
	0
	0
	8,376
	  1,357

	Total
	9,776
	1,159
	1,788
	459
	206
	0
	0 
	13,388
	4,429


1 Types of stocks sent/(number of seeds, tubers or plantlets per standard shipping unit):  Seed= True Seeds/(50),  TU = Tuber families/(12), TC = Tuber Clones/(3), IV = in vitro stocks/(3), DNA = dried leaf samples/(1), Plants = rooted cuttings /(1), Herb= Herbarium specimens/(1). 

E.  Outreach
Bamberg and del Rio presented papers at the 2009 Potato Assn of America meeting and NCCC84 Potato Genetics Technical Committee meeting in December 2009.  Bamberg presented genebank research and outreach at the NPC Expo in Orlando in January, 2010 and pitched the genebank program to NCR directors at their 2009 spring meeting in Kansas City.  del Rio presented genebank research at the 15th Triennial Symposium of the International Society of Tropical Root Crops in Cusco, Peru, in 2009 and Bamberg gave an invited presentation on the genebank research at the 2010 meeting of the Latin American Potato Association in Cusco.  An agenda brief on NRSP-6 progress was sent to all regional association spring meetings.

Visitors:  The genebank hosted the annual national meeting of NPGS curators (PGOC) and NRSP-6 TAC meetings in July 2009.  Bamberg continued as Editor in Chief for the American Journal of Potato Research, and Chair of the USDA Potato Crop Germplasm Committee.  

4.  SPECIFIC IMPACT STATEMENT for 2009 
Annual healthcare cost of obesity is about $147B.  In 2009 we started working with Kemin company to improve the yield of PI2, a safe and effective appetite suppressant from potato.   Cancer costs the nation about $90B.  With cooperators R. Navarre and C. Miller we made progress in identifying anti-cancer potato germplasm (jamesii antiproliferation and high tomatine okadae) for use in breeding.  Stroke is the 3rd leading cause of death in the USA, the leading cause of disability, and costs $43B.   Hypertension promoted by sodium is a prominent risk factor.  Estimates indicate that a high potassium diet would reduce hypertension and avert 100,000 deaths each year.  In 2009 we prepared test samples and arranged funds and cooperators for screening for high potassium germplasm.  The total cost of these three diseases each year is about 100 times that of the total annual farmgate value of the potato crop, so we conclude that the prospect of making a significant impact through nutrition compares favorably with using germplasm to increase yield or reduce production costs.  With R. Navarre, we also identified a phureja clone with extremely high antioxidants, well-known for their health-promoting effects.   See also the NRSP-6 website for a comprehensive impact statement for the genebank.  
5.  Work Plans / Staff & Funding / administration 
We wrote a project report (FY06-10) plus renewal (FY11-15) proposal for $150K funding which received 58 of 60 possible “excellent” scores in external review.  At the same time, the final step of UW salary withdrawal occurred, a deficit of 80% FTE in the Gardener position and 40% FTE in the Project Assistant position.  Longtime Gardener C. Fernandez retired at the end of CY09 but was rehired as a half-time temp in early CY10 as a stopgap measure made possible by a promise from ARS of additional funding.  We argue the need to fund, at minimum, all of the current genebank staff, including a fulltime ARS Gardener position, plus sufficient support for supplies, equipment, and ad hoc labor to maintain a service institute with a national and international scope.  For this we need approval of NRSP-6 for FY11-15 at the requested funding level.
Fast and accurate delivery of high quality germplasm and information will continue to be the general objective of NRSP-6.  We also aim to raise awareness of the germplasm resource through an advertising/outreach program, and by conducting and publishing research that demonstrates new ways the germplasm can be useful for potato improvement.  

Health will increasingly motivate the consumer, so improving nutritional factors of potato has become a priority research activity.  The payoff is less human suffering, less healthcare costs, and more demand, market share, and profitability for potatoes.  

Restrictions on acquisitions and limited funds for preservation mean we need optimal efficiency in keeping the diversity we already have.  Thus, finding the best techniques for assaying the status and dynamics of genetic diversity in the genebank (using DNA markers) remains a high priority.

Grants:  A USAid Grant was approved to initiate cooperation between CIP and Wisconsin in the next two years for frost and calcium studies.   Proposed:  Using Solanum microdontum as a model for a genomic marker-assisted potato germplasm organization and management (NSF-in review).  U.S. Peru Planning Workshop - Current advances in technologies and methodologies to assist conservation, evaluation and use of plant biodiversity with emphasis in potato diversity (NSF-rejected).  The effect of calcium treatments on abiotic stresses (frost and heat tolerance) on native and wild potatoes, and the evaluation of CIP potato accessions in response to calcium treatment and abiotic stress tolerance (USAid – in review).  Two SCRI proposals, one on antioxidants, another on Proteinase Inhibitor 2 (both rejected).

6.  PUBLICATIONS ISSUED DURING THE YEAR 2009
A. Publications issued by NRSP-6 Personnel
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D’Hoop, B.B., P.L.C. Keizer, C. Marques-Castro, M.J. Paulo, R.G.F. Visser, H.J. van Eck, and F.A. van Eeuwijk. 2009. Population structure and linkage disequilibrium patterns in potato. In: The 6th Solanaceae Genome Workshop, Book of Abstracts, New Delhi, India, 08-13 November 2009: p.176. (Abstract)

D’Hoop, B.B., M.J. Paulo, C. Marques-Castro, M. Malosetti, P.L.C. Keizer, R.G.F. Visser, H.J. van Eck, and F.A. van Eeuwijk. 2009. Association mapping in tetraploid potato. In: XIV meeting of the Biometrics in Plant Breeding Section, Book of Abstracts, Dundee, Scotland, 02-04 September 2009: p.9. (Abstract)

Douches, D.S., C.R. Buell, W. de Jong, D. Francis, L. Mueller, A. Stone, and A. Van Deynze. 2009. Translating Solanaceae sequence diversity and trait variation into applied outcomes through integrative research, education, and extension. 93rd Annual Meeting of The PAA, Fredericton, New Brunswick, Canada, August 9-13, 2009, p 74. (Poster) 
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