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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 shows the seedling populations produced from F1 crosses made in 2012 to 5 new PD resistant V. arizonica accessions from the southern US and Mexico.  These have been developed into possible mapping populations so that genetic markers can be developed to expedite breeding. The resistant parental accessions were chosen based on their low ELISA values, minimal expression of PD symptoms in the greenhouse screen and their diverse geographic origins. Multiple copies of each genotype have been made and greenhouse testing is scheduled for to begin in March to characterize the inheritance of PD resistance.
Table 1.  Seedlings produced from F1 crosses made in 2012 to develop genetic maps in new accessions from the southern US and Mexico.  08319-07, 08319-29 and 08326-61 are female flowered selfed progeny of Zinfandel and Cabernet franc respectively and 100% vinifera.




	Resistance Source
	Geographic Origin - Appearance Phenotype
	Pure Vinifera Types used in 2012 crosses
	# of Genotypes Propagated

	ANU5
	Littlefield, AZ -Unique
	Alicante Bouschet
	70

	b40-29
	Chihuahua, MX
	08319-07
	14

	 
	like b43-17
	08319-29
	13

	b46-43
	Big Bend, TX - Similar to b47-32
	08326-61
	85

	b47-32
	Big Bend, TX
	08326-61
	25


Table 2 provides a list of PD greenhouse screens analyzed, initiated and/or completed over the last 6 months. 
Table 2.  2012-13 Greenhouse testing.  

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

	A
	PdR1a & PdR1b together
	122
	1/13/2011
	4/14/2011
	b43-17

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

	C
	2012 Parents & 97% Vin 2nd tests
	75
	10/2/2012
	1/3/2013
	F8909-08, b42-26

	D
	PdR1b x b42-26 Pyramided
	76
	11/29/2012
	2/28/2013
	F8909-08, b42-26

	E
	05347, PD x PM Rom, b42-26 BC2
	222
	12/13/2012
	3/14/2013
	F8909-08, b42-26

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

	G
	94% & 97% PdR1b Vin advanced tests
	106
	2/5/2013
	5/7/2013
	F8909-08

	H
	97% PdR1b Vin advanced tests
	89
	3/15/2013
	6/13/2013
	F8909-08


Group A tested genotypes in which progeny of PdR1a and PdR1b genotypes were combined.  In 2011 we conducted a greenhouse screen to evaluate the relative resistance and cross efficiencies (% resistant progeny generated) of the different allele types: PdR1 both, PdR1a, PdR1b or none.  Since the SSR-based genetic markers we use to identify PdR1a and PdR1b differ by only two base pairs at one of the two flanking SSR markers, it wasn’t until late in 2012 that we were able to definitively categorize each genotype into one of the various PdR1 allele types.  The ln mean cfu/ml for each genotype was subjected to ANOVA.  Both cross and PdR1 allele type were highly significant with no interaction.  Results are summarized in Table 3. 08327 was significantly more resistant (LSM=13.8) than 09326 (LSM=14.5) so the crosses were analyzed separately. We noted that any genotype without a PdR1 allele (“none” category) was categorized as susceptible relative to our usual PdR1b biocontrol genotype.  Having one or both PdR1 allele types is necessary but not sufficient for a genotype to be categorized as resistant relative to our usual biocontrol.  When the genotypes without any PdR1 allele type were removed from the analysis, the ln of the Xf concentration for the genotypes containing a PdR1 allele type for the 08-327 population was normally distributed suggesting that quantitative traits explain the variation in observed PD resistance. In contrast the same distribution for the 09-326 wasn’t normally distributed but rather Xf concentration was skewed toward the susceptible suggesting that important minor resistance traits were left behind in previous generations. This is also consistent with the 09-326 population with its less resistant parents (mean ln cfu/ml about 14.1) on the whole not being as resistant as the 08-327 population with its more resistant parents (mean ln cfu/ml about 12.6). There were genotypes in both crosses that had lower mean ln cfu/ml levels than either parent.
Table 3. Summary of GH screen Xf titers for parents and progeny of two crosses of PdR1a by PdR1b allele types.

	Parent or Progeny 
	08327 population
	09326 population

	
	ln mean cfu/ml
	Std Err Mean
	# genotypes
	ln mean cfu/ml
	Std Err Mean
	# genotypes

	Seed Parent
	12.4
	-
	1
	14.3
	-
	1

	Pollen Parent
	12.7
	-
	1
	13.9
	-
	1

	Parental mean
	12.6
	-
	-
	14.1
	-
	-

	PdR1 both
	13.0 a
	0.5
	8
	13.5 a
	0.4
	3

	PdR1a
	13.1 a
	0.4
	7
	14.4 a
	0.3
	15

	PdR1b
	14.0 a
	0.3
	12
	14.6 a
	0.5
	6

	None
	15.1 b
	0.2
	9
	15.5 b
	0.1
	6


Table 2, Group B along with part of Group E and a previous GH screen will provide results on 201 F1 progeny from the b42-26 resistance line to continue our mapping efforts of PD resistance loci in this multigenic background.  Genetic markers in this line are essential as we try to stack/combine resistance lines as in the crosses in Group D.  Group E also included 12 BC2 genotypes in the b42-26 line to preview their resistance pattern and 45 PdR1b x V. romanetti PD x powdery mildew resistant crosses at greater than the 90% vinifera level. In Group F we are testing the impact of environmental conditions, spacing and our standard cutback protocols in 3 different greenhouses to compare and optimize test conditions. Groups C, G and H are testing 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 3.  
Table 4 presents 13 promising PD resistant genotypes being sent to Foundation Plant Services, at UC Davis (FPS) S for certification and possible release.  We test selections with the potential for release multiple times in the greenhouse screen to ensure that only selections with the greatest levels of resistance are considered for release.  These selections have much better resistance than two selections with long histories of field survival in the southern US – Blanc du Bois and Lenoir.  We want to avoid having any selections we release be tolerant to X. fastidiosa and therefore act as hosts for disease spread within a vineyard.  This process involves passing our severe greenhouse screen multiple times.  The number following the “R” in the “# GH Screens” column tells how many times a selection has passed a severe greenhouse screen.  To make this list, selections must also possess desirable horticultural traits and have potential for high quality wine production.  Producing small lot wines from multiple vine field trials in Davis and in PD hot spots in the North Coast complete the evaluation process.  PD resistant scions need PD resistant rootstocks in case low levels of the bacteria work their way into a susceptible rootstock.  There are three selections in Table 4 that have been tested for PD resistance, their ability to root and graft, and resistance to nematodes.  The two 08314 selections have good nematode resistance in addition to their PD resistance. There were an additional 7 scion genotypes at the 97% vinifera level with good PD resistance and high quality wine potential that didn’t have enough wood this year to both include in our multi-vine trials and send to FPS.  They could be sent next year.
Table 4.  Possible PdR1b releases for transfer to FPS.

	Screen rep
	Genotype
	Parentage
	% Vin
	Color
	# Years small lot wine made
	Multiple vine trials Davis
	Multiple vine trials Napa

	R3
	07713-51
	F2-35 x U0502-48
	94%
	W
	3
	Yes
	Yes

	R2
	07370-078
	F2-35 x U0502-38
	94%
	W
	0
	 
	 

	R2
	07370-084
	F2-35 x U0502-38
	94%
	W
	0
	Yes
	Yes

	R3
	09333-117
	07355-020 x Chardonnay
	97%
	B
	0
	 
	 

	R2
	07329-31
	U0505-01 x Chardonnay
	94%
	B
	1
	Yes
	 

	R2
	07338-37
	U0505-01 x LCC
	94%
	B
	0
	Yes
	Yes

	R2
	07355-044
	U0505-01 x Petite Syrah
	94%
	B
	0
	 
	Yes

	R2
	07355-075
	U0505-01 x Petite Syrah
	94%
	B
	3
	Yes
	Yes

	R2
	09333-253
	07355-020 x Chardonnay
	97%
	B
	0
	 
	 

	R2
	09333-331
	07355-020 x Chardonnay
	97%
	B
	0
	 
	 

	R3
	03300-099
	101-14Mgt x F8909-08
	0%
	stock
	NR
	 
	 

	R2
	08314-15
	03300-048 x 06301-93
	0%
	stock
	NR
	 
	 

	R2
	08314-46
	03300-048 x 06301-93
	0%
	stock
	NR
	 
	 


We continued the evaluation of our PdR1b genotypes at the 75%, 88% and 94% vinifera level at our Beringer Vineyards, Yountville, Napa Co. field trial.  Results for the highest backcross level (94% vinifera) are presented in Table 5.  With the relatively mild summer, the inoculated vines weren’t under strong PD pressure and genotype ELISA means were relatively low even for two of the three pure vinifera control vines.  However we continue to see the vinifera control vines succumb to PD and the PdR1 genotypes thrive (Figure 1). 

Table 5.  Field trial results from 2010-2012 for the 94% vinifera PdR1b replicated genotype trial at the Beringer Vineyard, Yountville, CA.  Chardonnay, Durif and F2-35 are pure vinifera.
	Genotype
	PdR1 MAS or SEUS Field
	2012 Beringer Result (ref U0505-01)
	2012 Beringer ELISA GEO mean cfu/ml
	2011 Beringer ELISA GEO mean cfu/ml
	2010 Beringer ELISA GEO mean cfu/ml
	GH Geometric mean (cfu/ml)
	GH Screen TD date

	07355-012
	R
	R
	131,597
	818,968
	163,391
	2,444,619
	7/12/11

	07355-016
	R
	R
	267,748
	191,186
	559,333
	799,067
	7/22/10

	07355-022
	R
	R
	22,589
	238,208
	184,832
	66,663
	7/22/10

	07355-036
	R
	R
	33,044
	88,832
	218,688
	127,631
	7/22/10

	07355-048
	R
	R
	40,393
	194,211
	484,756
	301,191
	7/22/10

	07355-056
	R
	R
	71,847
	235,909
	627,626
	71,754
	7/22/10

	07355-075
	R
	R
	64,222
	100,418
	383,502
	48,089
	7/22/10

	07355-098
	R
	R
	172,181
	114,314
	1,109,589
	118,031
	7/22/10

	07370-003
	R
	R
	50,772
	149,807
	1,696,877
	2,312,871
	7/12/11

	07370-050
	R
	R
	234,732
	70,305
	655,924
	3,271,961
	7/12/11

	07370-058
	R
	R
	26,181
	97,470
	2,212,647
	1,234,899
	7/12/11

	07370-078
	R
	R
	82,893
	187,644
	1,766,658
	218,907
	7/12/11

	07370-086
	R
	R
	63,177
	105,177
	413,453
	767,582
	7/12/11

	07370-097
	R
	R
	139,483
	165,545
	182,956
	2,588,528
	7/22/10

	07370-109
	R
	R
	84,246
	144,929
	1,371,890
	204,025
	7/12/11

	b43-17
	R
	R
	42,723
	89,420
	36,041
	10,296
	7/22/10

	Blanc du Bois
	R
	R
	120,668
	255,864
	647,193
	2,439,247
	7/22/10

	Chard uninoc
	S
	R
	32,364
	29,275
	11,745
	10,651
	7/22/10

	Chardonnay
	S
	S
	1,386,926
	350,740
	1,680,497
	4,897,326
	7/22/10

	Dogridge
	R
	R
	14,190
	235,367
	87,457
	322,109
	12/19/00

	Durif 01
	S
	S
	4,082,418
	2,444,864
	2,055,028
	6,337,532
	2/25/10

	F2-35
	S
	R
	777,547
	1,164,148
	1,870,282
	5,192,366
	2/25/10

	Roucaneuf
	R
	R
	56,937
	180,466
	485,969
	1,697,216
	7/22/10

	U0502-38
	R
	R
	58,081
	36,894
	321,740
	412,958
	7/12/11

	U0505-01
	R
	R
	48,767
	117,160
	367,177
	93,686
	7/22/10
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Figure 1.  On the left is a vine of the pure vinifera F2-35 (Cabernet Sauvignon x Carignane) compared with the 94% vinifera PdR1b genotype 07355-048 (U0505-01 x Petite Sirah).  Both have been inoculated with Xf once each year for the last 3 years. Photo taken 10/20/2012.
On 2/21/2013, 15 tasters comprised of UC Davis faculty, staff, and students tasted 9 each white and red wines made from the 2012 vintage.  These included wines from PdR1 genotypes at the 88%, 94% and 97% vinifera level; blends with Merlot and Chardonnay to a red or white 94% PdR1 genotype respectively; pure vinifera controls; and Lenoir and Blanc du Bois as historic PD resistant controls. Grapes were sourced from our Beringer field trial in Napa and from the UC Davis vineyards. In discussion, the tasters considered the 2012 wines a significant advance over previous vintages and generally judged the whites superior to the reds. When all wines were included, Napa wines were preferred to Davis wines with the blends of wines grown in both regions intermediate.  With the Blanc du Bois and Lenoir wines removed, this regional preference became less clear. The wines made from the 88% and 94% vinifera PdR1 cross selections were rated as highly as the most preferred Chardonnay and the white PD/vinifera blends were equally preferred to the pure vinifera. Considering the reds, the Napa PD/Merlot blend was the most preferred wine, but the 97% vinifera PD cross was statistically equivalent. The two 94% PD cross genotypes grown in Davis were not among the most preferred. As the vines mature, we anticipate that in 2013 we will be able to include wines from these later wines grown in Napa to evaluate regional wine quality differences.

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 by their multigenic resistance.  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). 
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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 this Winter 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. 
