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List of Objectives and description of activities:
Objective 1. Breed PD resistant winegrapes through backcross techniques using high quality Vitis vinifera winegrape cultivars and Xylella fastidiosa resistant selections and sources characterized from our previous efforts.

Despite one of the worst pollination seasons in my career (prolonged cold weather in May and June) we successfully made crosses in four areas.  In a final effort to broaden the vinifera diversity of the PdR1b line at the 97% vinifera level, we successfully made backcrosses using Nero d’Avola and Pinot blanc (Table 1a).  No crosses were made to the PdR1a line since we made crosses advancing that line to the 94% vinifera level last year (Table 2b).  

Over our years of testing V. arizonica/candicans b43-17 with our greenhouse screen we have found that it consistently shows fewer phenotypic symptoms of PD and has lower Xf bacterial levels as judged by ELISA than any of its progeny.  In an effort to better define possible minor genes that may contribute to resistance but are not found in our later backcross generations, we made crosses to three F1 progeny of b43-17 from the 04373 (V. vinifera F2-7 x b43-17) population to find minor additional PD resistance genes (Table 1b).  Crosses made to two other 04373 progeny failed.  These aren’t mapping populations since we don’t know which of the 04373 genotypes harbor other PdR genes.  The idea is to use PdR1-based marker assisted selection to test a limited number of seedlings descended from each 04373 genotype, discard those with PdR1 and then greenhouse screen the others.  If any of the progeny are resistant, mapping populations would be developed. 

PD resistance from V. vinifera/girdiana b42-26 is strong, but quantitative.  We made crosses to bring the populations based on this resistance source to the 88% vinifera level as shown in Table 1c.  These progeny will add to the populations of seedlings at the same vinifera level planted earlier this year (Table 2c).  Our first crosses to pyramid resistance from both b43-17 and b42-26 are shown in Table 1d.  Though useful as possible cultivars for ultimate release, these are more proof of concept crosses, as the pyramiding would ideally take place at higher vinifera backcross levels.  Although ideal, it isn’t necessary that we have MAS markers for the b42-26 resistance line before greenhouse screening these crosses.  Progeny with PdR1 would be screened in the greenhouse by ELISA and scored phenotypically.  We planted out 214 88% vinifera level seedlings based on this resistance Spring 2010 (Table 2c). 
We continue to advance the b42-26 V. arizonica/girdiana PD resistance line.  Greenhouse screening of 27 genotypes at the BC1 75% vinifera level segregated with 12R/15S (Table 3, group G, Table 4).  The biocontrols included with this greenhouse screen demonstrated that the inoculation and expression conditions resulted in moderately severe symptoms, giving us high confidence in the results.  Although this test examined a small population size, given the 1:1 segregation we are going to examine the population for the presence of a LG14 PdR1 type locus, analogous to what we observed in the b40-14 V. arizonica line.  We are not sure why these early resistance results for our new b42-26 line differ from what we saw in the 0023 population (D8909-15 x B90-116) where resistance seemed quantitative.   In the 2008 greenhouse screens of the 2003 rootstock crosses made on D8909-15 (V. rupestris A. de Serres x b42-26), we also saw a quantitative inheritance but skewed toward susceptibility.  Perhaps D8909-15 lost a major PD resistance allele from b42-26 when it was crossed to V. rupestris.  Based on greenhouse screen results for the resistant 07344A parents, three seedling populations descended from 07344A-11 totaling 214 genotypes were planted in the field in June.  Based on the very good seedling growth to date, we plan to mist propagate a subset of these for greenhouse screening this fall.   

On 5/20/2011 we inoculated 378 plants (126 each at the 75%, 88% and 94% vinifera level) in our field trial at Beringer.

Objective 2. Continue the characterization of X. fastidiosa 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.

Looking ahead to the 2011 harvest in Davis, we have five additional 94% vinifera PdR1 advanced selections with 6-7 vines each growing on a Y-trellis.  Although set was uneven this year, these selections seem to have enough fruit to be included in our small-lot wine making this Fall.  We should also have enough fruit to make wine from at least two of the eight selections of the 97% vinifera generation.  These selections were made based on vine appearance last year and propagated to produce a small amount fruit this year.  We will make additional selections based on fruit quality this Fall.

Intellectual Property:  Resistant varieties produced by this research will be handled by the UC Davis patent office. 
LAYPERSON SUMMARY

Progress continues on breeding Pierce’s disease (PD) resistant winegrapes and has been greatly accelerated by the incorporation of marker-assisted selection (MAS) for the Pierce’s disease resistance gene, PdR1 (see companion report).  The use of MAS and our acceleration of the seed to seed breeding cycle to two years have allowed very rapid progress towards PD resistant winegrapes.  In the Spring 2010, we planted 2,000 97% vinifera seedlings all of which that contain PdR1 resistance.  They will begin fruiting in Fall 2011 and we will begin selecting individuals for multiplication and wine testing.  We will release PD resistant cultivars from this generation.   We planted a new plot in Healdsburg with 94% vinifera PdR1 selections and added new materials to our plot in Yountville, and have distributed cuttings of 87% vinifera PdR1 resistant selections to Texas for a field plot near Fredericksburg.  This plot augments trials with the same selections in Auburn, AL, and Galveston, TX.  Small-scale wines were made from 94% vinifera PdR1 selections grown in the UCD vineyards and they were better than Chardonnay and Cabernet Sauvignon, and the PD resistant cultivars Lenoir and Blanc du Bois made with the same quantities of fruit. 
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Walker Breeding and RMI tour.  National Clean Plant Network, UC Davis tour, March 1, 2011.  

Walker breeding program.  California Grape Rootstock Improvement Commission, Monterey, CA, March 12, 2011.

Walker breeding program and RMI tour.  Early Academic Outreach Program, parents and kids, UC Davis, March 15, 2011.

Walker breeding program PD, powdery mildew and rootstocks.  Lodi Woodbridge Winegrape Commission, UC Davis, March 18, 2011.
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Sustainable viticulture and the role of breeding.  UC Berkeley Hass Business School Professional School, Mondavi  Winery, Oakville, CA, April 9, 2011.

Walker breeding program.  UC Cooperative Extension group meeting, UC Davis, April 13, 2011.

Walker rootstock breeding program (PD rootstocks discussed).  CDFA Improvement Advisory Board Meeting, UC Davis, April 21, 2011.

Tasting of Walker PD wines.  CDFA PD Board Meeting, Sacramento, CA, April 25, 2011.

Breeding for pest and disease resistance.  University of Vienna BOKU (Natural Resources and Life Science) Austria, June 13, 2011.  

Pierce’s disease resistant winegrapes are approaching wine quality and field testing.  American Society of Enology and Viticulture 62nd Annual Meeting, Monterey, CA, June 22, 2011.  
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Table 1. 2011 Crosses.

	Resistant Type
	Vinifera Parent\grandparent of Resistant Type
	Vinifera Types used in 2011 crosses
	Estimated # of Seed 

	1a. Crosses to the F8909-08 resistance source to produce progeny between 97% and 98.4% V. vinifera parentage. F2-35 is 100% vinifera and a cross of Cabernet Sauvignon x Carignane.

	07355-020
	Petite Sirah\Cab Sav
	Nero d'Avola
	260

	07370-039
	F2-35\Chardonnay
	Nero d'Avola
	220

	09-331
	Zinfandel\Petite Sirah
	Nero d'Avola, Pinot blanc
	315

	1b. Monterrey V. arizonica/candicans resistance source (F8909-08) to produce progeny with 75% V. vinifera parentage for the discovery of minor PD resistance genes.

	09373-01
	F2-35
	08319-12 (Zinfandel selfed), Rosa Minna
	70

	04373-02
	F2-35
	Pinot blanc, Zinfandel
	565

	04373-22
	F2-35
	Pinot blanc, Zinfandel
	1025

	1c. Crosses to the b42-26 V. arizonica resistance source to produce progeny that are 88% vinifera and 12.5% the resistance source.

	07344A-10
	Grenache
	F2-35
	175

	07344A-11
	Grenache
	Zinfandel
	175

	07344A-24
	Grenache
	F2-35
	220

	07344A-35
	Grenache
	F2-35
	700

	1d. Crosses made to pyramid PdR1b Monterrey V. arizonica/candicans and b42-26 V. arizonica/girdiana resistance lines to produce progeny between 84.3% and 85.9% vinifera.

	09-331
	Zinfandel\Petite Syrah
	Grenache\F2-35
	725

	07355-020
	Petite Sirah\Cab Sav
	Grenache\F2-35
	175

	07370-039
	F2-35\Chardonnay
	Grenache\F2-35
	60


Table 2. 2010 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 2010 crosses
	Seedlings Produced
	Sdlgs to MAS Test
	Sdlgs to Field

	2a. Monterrey V. arizonica/candicans resistance source (F8909-08) to produce progeny with 97% V. vinifera parentage. F2-35 is 100% vinifera cross of Cab Sav. x Carignane

	07355-020
	Petite Sirah\Cab S.
	Barbera
	237
	160
	76

	07370-028
	F2-35\Chardonnay
	Chardonnay, Riesling
	1269
	555
	289

	07-329,-355
	Chard, Petite\Cab S.
	Muscat Blanc
	123
	75
	31

	07-370,-713
	F2-35\Chardonnay
	Viognier
	34
	10
	2

	07371-20
	F2-35\Chardonnay
	Barbera
	830
	350
	187

	2b. Monterrey b43-17 PdR1aresistance source absent V. rupestris to produce progeny with 94% V. vinifera parentage.

	08329-035
	Tannat\Chenin blanc
	Cabernet Sauvignon
	139
	100
	57

	08329-074
	Tannat\Chenin blanc
	Cabernet Sauvignon, Carignane
	562
	250
	123

	2c. Crosses to the b42-26 V. arizonica resistance source to produce progeny that are 88% vinifera and 12% the resistance source. MAS markers are unknown.

	07344A-11
	Grenache
	Cabernet Sauvignon
	125
	-
	62

	07344A-11
	Grenache
	Carignane
	126
	-
	63

	07344A-11
	Grenache
	Chardonnay
	162
	-
	89


Table 3.  Groups of plants greenhouse screened for X. fastidiosa resistance.
	Group
	Genotypes
	Genotypes
	Inoculation 
	ELISA 
	Resistance Source(s)

	A
	Xf Strain Trial
	6
	3/30/10
	7/6/10
	F8909-08

	B
	2007 Cross Families #3
	145
	4/13/10
	7/22/10
	F8909-08

	C
	PD Rootstocks Retest
	35
	6/8/10
	9/30/10
	F8909-08

	D
	08 PD Stocks & Recombinants
	22
	7/15/10
	10/14/10
	F8909-08

	E
	97% vinifera, Y-trellis
	23
	7/26/10
	11/23/10
	F8909-08

	F
	05347 Mapping
	122
	9/23/10
	1/6/11
	b42-26

	G
	07344A, 07744RT, 2010 Parents
	79
	11/9/10
	2/10/11
	b42-26, b40-14, b43-17

	H
	PdR1a & PdR1b together
	122
	1/13/11
	5/3/11
	b43-17

	I
	Haines City & Supplemental
	173
	3/24/11
	7/12/11
	V. shuttleworthii


Table 4. Greenhouse screen results for 75% vinifera (BC1) genotypes in the b42-26 V. arizonica/girdiana resistance line.  U0505-01 is the PdR1 resistant biocontrol.  CMSSI is our phenotypic scoring system.

	Genotype
	GH Screen Result 
	GH Screen CMSSI Result 
	Mean (CMSSI Index)
	Geometric mean (cfu/ml)
	Mean (ln cfu/ml)
	Std Error (ln cfu/ml)
	Reps

	05347-02
	R
	R
	0
	79,221
	11.3
	0.8
	5

	07344A-10
	R
	R
	0
	113,550
	11.6
	0.9
	5

	07344A-11
	R
	R
	0.2
	54,176
	10.9
	0.6
	5

	07344A-13
	R
	R
	0
	242,802
	12.4
	0.7
	5

	07344A-15
	S
	R
	0.8
	384,616
	12.9
	0.4
	5

	07344A-16
	S
	S
	4.6
	3,140,837
	15.0
	0.1
	5

	07344A-22
	S
	R
	0
	1,623,346
	14.3
	0.2
	5

	07344A-23
	S
	R
	0.3
	1,115,708
	13.9
	0.3
	4

	07344A-24
	R
	R
	0
	113,550
	11.6
	0.6
	5

	07344A-25
	R
	S
	3.0
	147,267
	11.9
	0.3
	5

	07344A-27
	S
	R
	0.2
	890,911
	13.7
	0.4
	5

	07344A-31
	S
	R
	0.6
	744,152
	13.5
	0.3
	5

	07344A-32
	S
	S
	4.0
	1,706,577
	14.4
	0.3
	2

	07344A-33
	S
	S
	3.5
	693,842
	13.5
	0.5
	4

	07344A-35
	R
	R
	0
	29,733
	10.3
	0.6
	4

	07344A-44
	R
	S
	2.0
	252,711
	12.4
	0.8
	5

	07344A-47
	R
	R
	0
	228,662
	12.3
	0.9
	5

	07344A-48
	R
	R
	0.6
	314,897
	12.7
	0.4
	5

	07344A-49
	S
	R
	0
	927,270
	13.7
	0.5
	5

	07344A-51
	R
	S
	3.6
	183,506
	12.1
	0.6
	5

	07344A-54
	S
	S
	4.6
	1,355,933
	14.1
	0.3
	5

	07344A-55
	S
	S
	4.6
	1,867,292
	14.4
	0.2
	5

	07344A-56
	R
	S
	4.8
	129,962
	11.8
	0.7
	4

	07344A-58
	R
	R
	0
	327,748
	12.7
	0.9
	5

	07344A-61
	S
	S
	3.6
	369,535
	12.8
	0.3
	5

	07344A-62
	S
	R
	0.2
	1,088,161
	13.9
	0.2
	5

	07344A-64
	S
	S
	1.4
	714,973
	13.5
	0.5
	5

	07344A-65
	S
	R
	0.2
	822,415
	13.6
	0.4
	5

	b43-17
	R
	R
	0.1
	12,780
	9.5
	0.2
	9

	Blanc du Bois
	S
	S
	3.4
	1,056,001
	13.9
	0.4
	10

	Chard uninoc
	R
	 
	 
	9,897
	9.2
	0.0
	12

	Chardonnay
	S
	S
	3.5
	3,301,872
	15.0
	0.1
	10

	Roucaneuf
	S
	R
	0.3
	707,859
	13.5
	0.5
	10

	U0505-01
	R
	R
	0
	46,166
	10.7
	0.4
	10

	U0505-22
	S
	R
	0.4
	1,296,268
	14.1
	0.3
	8

	U0505-35
	R
	R
	0
	147,267
	11.9
	0.6
	10.0


