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INTRODUCTION 

The Walker lab is uniquely poised to undertake this important breeding effort, having developed rapid screening techniques for Xylella fastidiosa (Xf) resistance (Buzkan et al. 2003, Buzkan et al. 2005, Krivanek et al. 2005a 2005b, Krivanek and Walker 2005), and having unique and highly resistant V. rupestris x V. arizonica selections, as well as an extensive collection of southeastern grape hybrids, to allow the introduction of extremely high levels of Xf resistance into commercial grapes.  We have selected progeny with PdR1 from the b43-17 V. arizonica/candicans resistance source for fruit quality at the backcross 4 (BC4), 97% vinifera level.  They are also undergoing greenhouse testing to verify their resistance and those with the highest levels of resistance will be prepared for small-scale winemaking this winter by grafting them onto PD resistant rootstocks and planting 6 to 8 vines sets on commercial spacing and trellising.  We have made wine from vines that are 94% vinifera level from the same resistance background for two years.  They have been very good and do have the hybrid flaws (blue purple color and herbaceous aromas and taste) that were prevalent in wines from the 87% vinifera level.  There are two forms of PdR1, 8909-08 and 8909-17 – sibling progeny of b43-17 and they have different alleles of PdR1.  These selections have been introgressed into a wide range of winegrape backgrounds over multiple generations, and resistance from southeastern United States (SEUS) species is being advanced in other lines.  However, the resistance in these later lines is complex and markers have not yet been developed to expedite breeding. 

OBJECTIVES 

1. Breed PD resistant winegrapes through backcross techniques using high quality V. vinifera winegrape cultivars and Xf resistant selections and sources characterized from our previous efforts. 

2. Continue the characterization of Xf resistance and winegrape quality traits (color, tannin, ripening dates, flavor, productivity, etc.) in novel germplasm sources, in our breeding populations, and in our genetic mapping populations. 

RESULTS AND DISCUSSION

Table 1 summarizes our PD resistant wine type seedling production, MAS testing and planting from crosses made in 2012.  Table 1a summarizes the number of seedlings produced from 10 different crosses that advance the PdR1a allele from the V. arizonica/candicans b43-17 to the 97% vinifera level.  Previously, we identified a PD resistance locus PdR1c from a true form of V. arizonica, b40-14 that maps to the same region of Chromosome 14 as PdR1 from b43-17 does.  In the absence of an understanding of gene function and given the significant geographic separation of the origins of the b43-17 and b40-14 resistance sources, we considered it useful to advance the PdR1c line as a future breeding resource.  The b4014 resistance is found in the R8918 series – hybrids of V. rupestris ‘Wichita Refuge’ x b40-14.  Table 1b summarizes the 12 crosses in two groups in this background we have continued to advance.  The 08331 group bypassed the V. rupestris intermediary artifact present in the 09367 group however additional greenhouse testing revealed that progeny in this group were not adequately PD resistant, and these lines were abandoned.  Table 1c presents a remake of the 86% vinifera PdR1b x V. arizonica/girdiana b42-26 line, which is combining resistance from two sources  – one controlled by a single gene and the other with quantitative resistance.  These seeds can be used to increase the population size should greenhouse screening results from the initial group prove promising.  BD5-117 from the Florida PD breeding program has different and strong resistance from a V. aestivalis and V. shuttleworthii background and its resistance is controlled by multiple genes.  However, the relatively few resistant progeny it produces do not suppress X. fastidiosa levels to the same extent as our most resistant PdR1 progeny and parents.  As shown in Table 1d, we have created a group of selfed and intercrossed individuals with very good wine variety phenotypes as an option to explore whether we can combine these with PdR1 to increase the resistance in this line.  Somewhat analogous to the BD5-117 situation, we have previously reported on the general loss of PD resistance in the V. shuttleworthii ‘Haines City’ line.  However, it is possible to find a very rare individual with resistance that is as good as our most resistant PdR1 genotypes.  We have selfed a particularly resistant BC1 individual to find out whether there is any opportunity to exploit this resistance source (Table 1e).  The PD resistance in BD5-117 derives in part from V. shuttleworthii.  In Table 1f notes progeny now in the field from 3 crosses involving highly resistant individuals with promising wine variety phenotype in these two resistance sources.
Table 1. 2012 wine type crosses, numbers of seedlings produced, marker tested, and planted to the field.

	Resistant Type
	Vinifera Parent\grandparent of Resistant Type
	Vinifera Types used in 2012 crosses
	No. of Sdlgs Produced
	No. of Sdlgs MAS Tested
	No. Sdlgs Planted to Field

	1a. Monterrey V. arizonica/candicans resistance source PdR1a (F8909-17) to produce progeny with 96.9% V. vinifera parentage. 08319 and 08326 are selfs of Zinfandel and Cabernet Franc respectively and 100% vinifera.

	08-312, 08-318
	Cabernet Sauvignon, Carignane
	08-319, 08-326, Cabernet Sauvignon, Riesling, Zinfandel
	210
	185
	59

	1b. Chihuahua V. arizonica resistance source PdR1c b40-14 to produce progeny with 87.5% V. vinifera parentage. The 08331 line has free of V. rupestris in its heritage but was abandoned after the parents failed their subsequent greenhouse testing. 

	08331
	Tannat
	08319, 08326, Grenache, Zinfandel
	115
	-
	-

	09367
	Cabernet Sauvignon
	Carignane, Grenache, Palomino
	278
	255
	109

	1c. Crosses made to pyramid PdR1b (F8909-08) Monterrey V. arizonica/candicans and b42-26 V. arizonica resistance lines to produce progeny 85.9% vinifera.  These seeds were held pending a map of the b42-26 PD resistance source.

	09331
	Zinfandel\Petite Syrah
	Grenache\F2-35
	-
	-
	-

	1d. Crosses made with the BD5-117 resistance line to produce progeny approximately 75% V. vinifera. F2-7 is a cross of Cabernet Sauvignon x Carignane and 100% V. vinifera.

	03182
	F2-7
	Selfed & Intercrossed
	331
	-
	128

	1e. Crosses made with the Haines City V. shuttleworthii resistance lines to produce 75 % V. vinifera progeny. 

	08364
	Tannat
	Selfed
	115
	-
	48

	1f. Crosses made to combine the BD5-117 and Haines City V. shuttleworthii resistance lines to produce approximately 75% V. vinifera progeny.

	03-182
	F2-7
	08364 (Tannat), 08352 (Cabernet Sauvignon)
	102
	-
	32


Most of our crossing effort this spring focused on F1 crosses to V. arizonica, V. girdiana and natural hybrids of these with V. champinii, monticola, and candicans (mustangensis) in support of our companion PD mapping project.  See that report for details.  Our PD breeding crosses focused on the b42-26 line: F1, BC1 intercross, BC2 self and BC2 intercross (Table 2).  Over the last several years, greenhouse screening has identified a number of highly PD resistant genotypes in several of our BC1- and BC2-generation b42-26 lines. Crosses made this year aim to exploit these findings and take advantage of a developing b42-26 genetic map.  Additional crosses were made to combine (pyramid) PdR1b x b42-26 both with (~2000 seeds) and without (~385 seeds) powdery mildew resistance from V. romanetii.  We also produced selfed PdR1b x V. romanetii pyramided lines (~1750 seeds) to create breeding sources homozygous resistant at both loci to backcross in the last generation to elite vinifera wine types.
Table 2. Crosses made in 2013 to advance and further refine the b42-26 PD resistance line.

	BC level
	Cross type
	Vinifera in background
	Est No. Seeds

	F1
	F1
	Cabernet Sauvignon, Carignane
	1250

	BC1
	Intercross
	Those in the F1 plus Grenache
	350

	BC2
	Self
	Those in the BC1 plus Carignane
	35

	BC2
	Intercross
	Same as BC2
	26


Table 3 presents the status of greenhouse screening for PD resistance during this reporting period.  Group B, part of Group E and results from a previous greenhouse screen have been analyzed to provide statistically consistent results on 199 F1 progeny from the b42-26 resistance line.  These results should allow a framework genetic map of PD resistance loci in this multigenic background – work that is being done in our companion PD mapping project.  Genetic markers in this line are essential if we are to successfully combine resistances from different sources as is being attempted in the crosses listed in Groups C, D and E.  Groups C, G, H, and J test advanced selections from our PdR1b line.  If they continue to have favorable confirmatory greenhouse tests they will be moved to release consideration with their counterparts in Table 4.  In an initial GH screen of 16 PdR1 x b42-26 genotypes (Group C) at approximately the 84% vinifera level, 75% of those with the PdR1 marker were rated as resistant with two genotypes having ELISA levels lower than our standard most resistant PdR1 biocontrol.  In the same trial only 25% were rated resistant while missing PdR1 markers.  From these early results, pyramiding these two PD resistance sources looks promising.  Unfortunately a series of greenhouse issues (poor temperature control and spray damage outside of the lab’s control) made interpretation of the larger trial in Group D unreliable and the trial will need to be repeated.  Also included in Group C were 10 BC2 genotypes in the b42-26 line to preview their resistance pattern and 45 PdR1b x V. romanetii PD x Powdery Mildew (PM) crosses at greater than the 90% vinifera level.  In the former we found that only one genotype had significant PD resistance, although at a lower level than our best PdR1 selections at even higher BC levels.  This finding again underscores the necessity of markers associated with resistance in the b42-26 line.  In the latter cross we found four promising PD and PM resistant genotypes that fruited for the first time this year.  This low (~10 percent) level of PD resistant selections in the PdR1b x V. romanetii PD x PM line, although disappointingly low, is consistent with results from similar crosses we have tested in our collaboration with USDA for their PD/PM resistant table and raisin grape breeding efforts.  In Group F, we are testing the impact of environmental conditions, spacing and our standard cutback protocols in 3 different greenhouses with a dual purpose – to make our screening less costly and to shorten the test duration.  Preliminary ANOVA results show 'genotype' and 'greenhouse' are both significant variable.  Interpretation of multiple variable interactions is ongoing.  Group G included 13 southeastern US (SEUS) cultivars from various historic PD breeding programs in the southeastern US as part of our effort to better understand the relationship between PD resistance in the field and Xf titer in our GH screen.  Results will be reported when another group of SEUS cultivars have completed testing at the end of this year.

Table 3. Greenhouse PD screens analyzed, completed and/or initiated during the reporting period.

	Group
	Genotypes
	# Genotypes
	Inoculation Date
	ELISA Sample Date
	Resistance Source(s)

	B
	05347 b42-26 F1 Mapping Population
	84
	7/3/2012
	10/4/2012
	b42-26

	C
	2012 Parents, 97% vinifera 2nd tests, PD pyramiding
	75
	10/2/12
	1/3/13
	F8909-08, b42-26

	D
	PdR1b x b42-26 pyramided
	76
	11/29/12
	2/28/13
	F8909-08, b42-26

	E
	05347, PD x PM romanetii, b42-26 BC2
	222
	12/13/12
	3/14/13
	F8909-08, b42-26

	F
	GH, Spacing, Cutback Trials
	3
	varies
	varies
	U0505 BC Group

	G
	94% & 97% PdR1b Vin adv tests, SEUS
	106
	2/5/2013
	5/9/13
	F8909-08, SEUS

	H
	97% PdR1b vinifera advanced tests
	89
	3/19/2013
	6/20/13
	F8909-08

	I
	New arizonica mapping populations 2012 crosses and mist-propagated plants
	159
	5/21/2013
	8/6/13
	Varies

	J
	97% vinifera PdR1 
	78
	6/11/2013
	9/10/13
	F8909-08, b42-26


Table 4 presents promising PD resistant genotypes that have been advanced to UCD’s Foundation Plant Services for virus testing, certification and possible release.  They have passed our severe greenhouse screen multiple times.  The ten scion selections possess desirable horticultural traits and have potential for quality wine production.  There were insufficient numbers of cuttings of the 97% vinifera scion selections that we wanted to send to FPS last Fall and will be included with selections passing the screens shown in Table 3.  Producing small lot wines from multiple vines field trials in Davis and in PD hot spots in the North Coast complete the evaluation process and these trials are ongoing.  To that end we expanded our planting of the 07355-0075 to over 100 vines at our field trial at Beringer, Yountville in the Napa Valley.  PD resistant scions need PD resistant rootstocks.  On the list are three selections that have been tested for resistance to PD and nematodes and for their ability to root and graft.  The two 08314 selections also have good nematode resistance. These were used as the rootstocks in our expansion of the 07355-075 field trial.  Our PD resistant rootstock breeding efforts are complete.

Table 4. PD resistant scion and rootstock selections sent to FPS in March of 2013.  All are based on the PdR1b resistance line.

	Genotype
	Parentage
	% vin
	Color
	# Years small lot wine made
	Multiple vine trials Davis
	Multiple vine trials Napa

	07329-31
	U0505-01 x Chardonnay
	94%
	B
	2
	Yes
	-

	07338-37
	U0505-01 x LCC
	94%
	B
	0
	Yes
	Yes

	07355-044
	U0505-01 x Petite Syrah
	94%
	B
	0
	Yes
	-

	07355-075
	U0505-01 x Petite Syrah
	94%
	B
	3
	Yes
	Yes

	07370-078
	F2-35 x U0502-38
	94%
	W
	0
	Yes
	Yes

	07370-084
	F2-35 x U0502-38
	94%
	W
	0
	Yes
	Yes

	07713-51
	F2-35 x U0502-48
	94%
	W
	3
	Yes
	Yes

	09333-117
	07355-020 x Chardonnay
	97%
	B
	0
	Yes
	-

	09333-253
	07355-020 x Chardonnay
	97%
	B
	0
	Yes
	-

	09333-331
	07355-020 x Chardonnay
	97%
	B
	0
	Yes
	-

	03300-099
	101-14 Mgt x F8909-08
	0%
	stock
	NR
	Yes
	-

	08314-15
	03300-048 x 06301-93
	0%
	stock
	NR
	Yes
	Yes

	08314-46
	03300-048 x 06301-93
	0%
	stock
	NR
	Yes
	Yes


Finally, this year saw the first industry tastings of our advanced selections.  Last August in Santa Rosa we presented the best of our 87 and 94% vinifera PdR1 wines to about 200 people as part of a Sonoma County Wine Grape Growers Commission.  This year we presented wines made with our favorite 94% vinifera PdR1 selections in a blended format to show how these wines would be used as blending grapes to fill in chronic PD hotspots and still stay within the 75/25% varietal wine labeling.  We did this with one of our favorite whites 07713-51 and blended it with Chardonnay from Yountville and compared these wines made at the same scale with Yountville Chardonnay and Blanc du Bois (top southern US PD resistant winegrape).  One of our favorite reds at the 9f4% level is 07355-075 and it was blended with Oakville Merlot.  We made one 97% wine from three of our advanced 97% vinifera PdR1 selections (there was not enough fruit from any of them individually, but all have now been replicated for future wine making) 09331-047, 09332-165 and 09333-178.   These wines were well received and many like the 97% blend the best.  The first tasting was with select growers and wine makers in the Napa Valley at the UCD Oakville Station, the second was July 17th in Temecula to the winegrowers association, and the third will be next week in Healdsburg.  The next step is to make larger scale wines in multi-ton lots and these vines are being planted.  We will also move towards release of the best selections.

CONCLUSIONS AND LAYPERSON SUMMARY
We continue to make rapid progress breeding Pierce’s disease (PD) resistant winegrapes.  Aggressive vine training and selection for precocious flowering has allowed us to reduce the seed-to-seed cycle to 2 years.  We are also using marker-assisted selection (MAS) for the PD resistance gene, PdR1 (see companion report) to select resistant progeny as soon as seeds germinate.  These two practices have greatly accelerated the breeding program and allowed us to produce four backcross generations with elite V. vinifera wine grape cultivars in 10 years.  We have screened through about 1,000 progeny from the 2009 and 2010 crosses that are 97% vinifera with the PdR1b resistance gene from V. arizonica b43-17.  Seedlings from these crosses continue to crop and others are advanced to greenhouse testing.  We select for fruit and vine quality and then move the best to greenhouse testing, where only those with the highest resistance to X. fastidiosa, after multiple greenhouse tests, will be advanced to multi-vine wine testing at Davis and at a PD hot spot in Napa.  The best of these will be advanced to 100 vine commercial wine testing.  We have sent 10 advanced selections to FPS this winter to begin the certification and release process.  Three PD resistant rootstocks were also sent to FPS for certification.  PD resistance from V. shuttleworthii and BD5-117 are also being pursued, but progress is limited because their resistance is controlled by multiple genes and few resistant progeny are produced from their crosses, making it hard to select good quality and resistance in the same progeny.  Other forms of V. arizonica are being studied and the resistance of some will be genetically mapped for future efforts to combine multiple resistance sources and ensure durable resistance.  Very small-scale wines from 94% and 97% vinifera PdR1b selections have been very good, and have been received well at tastings in the campus winery and at pubic tastings in Sacramento (CAWG) and Santa Rosa (Sonoma Winegrape Commission), Napa Valley (Napa Valley Grape Growers and Winemakers Associations), Temecula (Temecula Valley Winegrape Growers and Vintners) and Healdsburg (Dry Creek Valley and Sonoma Grape Growers and Winemakers).  Ken Freeze of Brown and Miller has been helping to arrange and coordinate these tastings.    
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Riaz, S., Tenscher, A., and Walker, M.A.  2013.  Phylogeographic analysis of resistance to Pierce’s disease in North American and Mexican species with SSR markers and identification of novel resistance sources.  ASEV 64th National Conference. Monterey, California.

Presentations

Grape breeding.  Napa Valley Vintners.  UC Davis, Feb. 27, 2013.

Grape diseases and pests.  Wine Executive Program, UC Davis, March 26, 2013

PD resistant wine tasting.  Napa County Grape Growers and Winemakers, Oakville, CA April 5, 2013

Sustainable Viticulture.  Haas Business School, DNV Top Tech Program, Mondavi Winery, Oakville, CA, April 20, 2013

Pest and disease threats:  Decisions and the future of farming.  Napa Valley 2030 – Ahead of the Curve, Napa Valley Grape Growers, Napa, May 7, 2013

Marker-assisted selection to optimize grape breeding.  Grape Genetics Research Coordination Network.  UC Davis, July 11, 2013.

PD resistant wine tasting.  Temecula Wine Association, Temecula, CA, July 17, 2013.  

PD resistant wine tasting.  Healdsburg/Dry Creek Growers and Wineries, Clos du Bois, Healdsburg, CA, July 31, 2013.  

RESEARCH RELEVANCE
The goal of this research is two-fold:  to produce PD resistant wine grapes that can be used in PD hot spot in California and across the southern US; and to provide breeding, maintenance and screening support for our gene characterization and genetic mapping efforts.  We now have hundreds of selections at the 97% vinifera level and have begun the process of determining which are most resistant and most suitable for release.  The first 10 winegrape selections were sent to FPS in March to be certified and prepared for release.  This program also supplies the breeding, field and greenhouse support to our genetic mapping and gene characterization projects.
Status of Funds: These funds are scheduled to be spent by the end of the grant.  

Intellectual Property:  PD resistant varieties will be released through the Office of Technology Transfer (Patent Office) of the University of California, Davis. 
