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List of objectives and description of activities conducted to accomplish each objective:  

Objective 1:  Develop PD resistant table and raisin grape germplasm/varieties with fruit quality equivalent to standards of present day varieties.  

Crosses were carried out to continue introgressing Pierce’s disease (PD) resistance into table and raisin cultivars.  A modified backcross and pedigree breeding system is being used where PD resistant selections are crossed back to various elite table and raisin grape selections and varieties.  Twenty-two seedless crosses were made and embryo rescue procedures used to recover embryos and plants at Parlier.  These crosses included BC3 (93% V. vinifera) F8909-08 V. arizonica families.  Molecular markers at Davis continue to be used to identify resistant seedlings from the F8909-08 V. arizonica families.  Leaf samples from 2007 seedlings populations in the Parlier greenhouse were taken in March, 2008 and sent to Davis for molecular marker analysis.  Starting in November, 2008, leaf samples from 2008 seedling populations were taken from plants still in test tubes at Parlier and sent to Davis for molecular marker analysis.  Taking leaf samples this early eliminates planting of susceptible plants in the greenhouse and saves labor, soil and greenhouse space.  Hardwood cuttings were taken in November 2007 from fruiting seedlings at Parlier and they were tested in the greenhouse at Davis by the pin-prick needle inoculation technique of Hopkins to determine their Xylella resistance before they are used in the next backcross.  All fruiting seedlings from four V. arizonica BC2 families were sampled to determine cluster size, berry size, % soluble solids and seed trace size.  The resistant and susceptible individuals are being compared to determine if there is any correlation between fruit quality and PD resistance.  All fruiting raisin and table grape seedlings were evaluated in the field at Parlier for production, berry size, seed trace size and viticultural traits.  Only the best were selected and evaluated in the laboratory.  The best selections are then propagated in the 2 vine advanced test plot.
Objective 2:  Develop molecular markers for Xf/PD resistance in a family (SEUS) other than those from V. arizonica.  

The seedless cross C33-30 X BD5-117 was repeated again this year to increase its family size to 500 seedlings for the development of additional molecular markers.  BD5-117 has three different sources of PD resistance in its background.  They are V. shuttleworthii, V. aestivalis Ssp. Simpsoni, and a French Hybrid.  The multiple sources of resistance make it necessary to do mapping to locate the resistant QTLs.  The 500 seedling population should be large enough to develop a good map.  Embryo rescue methods were used at Parlier to recover embryos and plants to increase the population size for mapping QTLs.  Fruit was sampled from all mature seedlings in the field at Parlier and evaluated in the Parlier laboratory for cluster size, berry size, % soluble solids, seed/trace size and standard table grape fruit characteristics.  Hardwood cuttings were taken of all seedlings in the field at Parlier and rooted.  One hundred and twenty five were evaluated in greenhouse Xf inoculation tests at Davis to determine resistance.  Polymorphic SSR primers with fluorescent tags were tested on 154 individuals at Parlier by amplifying in standard reactions and the SSR PCR products analyzed on an ABI 3130 gene analyzer.  

Summary of major research accomplishments and results for each objective
Objective 1:  
This year the seedless embryo culture crosses concentrated on using V. arizonica and SEUS (BD5-117) sources of resistance.  Twenty-two crosses were made and produced 5,184 berries, 8,824 ovules, 1,861 embryos (21% embryos/ovules) and 450 plants as of 3/10/09 (Table 1).  Ten V. arizonica BC3 generation (93% V. vinifera) families (five combined PD with powdery mildew resistance) consisting of 2,798 berries, 4,529 ovules and 849 embryos (18.7% embryos/ovules) were produced.  Three V. arizonica BC1 families were produced consisting of 942 berries, 1,809 ovules and 525 embryos (29.9% embryos/ovules).  Nine BC1 and F2 BD5-117 crosses were made and produced 1,444 berries, 2,486 ovules and 487 embryos (19.6% embryos/ovules) (Table 1).  Nine seeded crosses from V. arizonica and SEUS sources of resistance were made (Table 2).  Fruit has been harvested and 1,393 seeds extracted for germination.  

Twelve BC3 and two BC2 families from V. arizonica source of resistance produced in 2007 were tested as small plants during March, 2008 in the greenhouse with molecular markers linked to the PdR1 locus on chromosome 14 (Table 3).  A total of 1,191 individuals were tested with SSR markers and 1,121 showed markers on both sides of the PdR1 region as expected.  Eighty-seven percent had either resistant or susceptible bands, similar to 2006 crosses, making selection for resistance effective.  A total of 363 individuals (32% compared to 39% for 2006 crosses) were resistant and planted to the field from the greenhouse.  One hundred seventy two of the resistant individuals are from six families whose parents have been verified as resistant in the greenhouse in 2008.  These seedlings will start fruiting in 2009 and will be used to create the next generation (BC4 = 97% V. vinifera).  A summary of the number of seedlings planted in the field in 2008 by source of PD resistance is given in Table 4.  Starting in November 2008 until March 2009, leaves were taken from 629 V. arizonica seedlings in test tubes from 2008 crosses and tested for resistance with molecular markers (Table 3).  A total of 251 (40%) were resistant and planted to soil in cups.  An additional 212 seedlings have been sampled and are in the process of being tested for resistant markers.
Greenhouse testing of resistance to Xf of the best fruiting seedlings from 105 V. arizonica and 45 SEUS sources of resistance was done this year.  V. arizonica seedlings had the highest number of resistant individuals (63) while only 1 from the SEUS source was resistant (Table 5).  The infection rates were higher in the greenhouse than in the past and individuals with <500,000 cfu/ml bacteria were rated as resistant.  This shows the highest level of resistance is being passed on by V. arizonica.  Because V. arizonica and BD5-117 are producing the highest percent of resistant progeny, we have and will continue to emphasize their use over other sources of resistance in the breeding program.  To make the program as efficient as possible, seedlings that can not be screened for resistance with molecular markers must be screened in the greenhouse for resistance first, after which they can be evaluated for fruit quality.  Fruit samples have been taken again from the four V. arizonica populations observed last year to continue comparing fruit quality between resistant and susceptible seedlings to verify that fruit quality is segregating independently from PD resistance.  Raisins with small aborted seeds were produced from the resistant V. arizonica and one has commercial quality.

Over 2,000 fruiting seedlings from all sources of PD resistance were evaluated in the field for seed trace size, fruit size, flower type, production and fruit quality to determine those good enough to consider as parents or potential cultivars.  One hundred ninety-five table grape types were considered good enough to evaluate in the laboratory for cluster size, cluster looseness/tightness, berry size, berry color, seed size, berry firmness, skin thickness, and eating quality.  Twenty-three resistant table grape types were rated good enough to propagate in 2 vine plots.  Forty-one raisin selections were dried on trays and evaluated in the laboratory.  Eleven resistant selections with good raisin quality were good enough to propagate.  Four of these have commercial potential.  Dormant cuttings were taken from 210 of the best fruiting table and raisin selections for greenhouse testing at Davis in 2009 to determine their resistance.  Figure 1 shows selections that have passed greenhouse screening tests for PD resistance and have good fruit quality.  

Twelve advanced selections that were rated as resistant in the greenhouse have been planted in a replicated plot at the USDA Kika de la Garza Subtropical Agricultural Research Center, Weslaco, Texas.  This area has high levels of PD and glassy-winged sharpshooters and is being used to determine field resistance of these selections.

Objective 2:

The PD resistant grape selection BD5-117 (from Florida containing resistance from V. shuttleworthii, V. aestivalis Ssp. smallliana and a French Hybrid) was hybridized with the seedless table grape selection C33-30 and 154 individuals have been produced that are fruiting.  BD5-117 has given the highest number of PD resistant offspring of any of the SEUS resistant selections to date and makes an excellent choice for study for molecular markers.  The fruit of these seedlings is being evaluated for cluster size, berry size, % soluble solids and seed/aborted seed size.  Cuttings of all 154 seedlings were made for evaluation of PD resistance in the greenhouse.  Testing is complete on 125 individuals, with 25 being resistant (Table 5).  Additional plants are being made to increase the family size to over 500 individuals.  In 2006, 36 plants were produced.  In 2007, an additional 105 plants were produced and planted in the field.  This year 1,847 berries were produced for this cross from which 2,350 ovules were cultured and 692 embryos produced.  To date, 361 plants have been planted to soil.  In 2008, 54 polymorphic SSR primers with fluorescent tags have been tested on all 154 individuals to develop a framework map.  A total of 106 SSR polymorphic markers that cover all linkage groups have been identified to date.

This summer 138 of the 154 seedlings were evaluated for cluster size, berry size, % soluble solids, seed/trace weight and fruit quality characteristics.  The data is in the process of being analyzed.
Table 1.  2008 table and raisin grape PD resistant seedless crosses and the number of ovules, embryos and plants produced.
	Female
	Male
	Type
	No. Emas-

    culations
	No. berries

Opened
	No. 

Ovules
	No. Embryos
	No. Plants 

In greenhousea

	89-0908 V. rupestris x V. arizonica
	
	
	
	
	
	

	05-5502-05
	A 85- 40
	Table      BC3
	2,691
	452
	650
	147
	27

	Scarlet Royal
	05-5502-05
	Table      BC3
	3,860
	92
	127
	19
	11

	04-5554-8
	A63-85
	Raisin    BC3
	7 bagsb
	296
	650
	173
	24

	05-5555-108
	A56-92
	Raisin     BC3
	2,054
	306
	525
	114
	20

	05-5551-49
	Selma Pete
	Raisin     BC3
	3,897
	487 
	556
	49
	6

	05-5502-05
	Y315-400
	PM Table BC3
	2,529
	443
	795
	72
	32

	Y314-360
	05-5502-05
	PM Table BC3
	2,310
	59
	54
	11
	1

	04-5554-19
	Y313-137
	PM Raisin BC3
	800
	 94
	136
	26
	3

	04-5554-8
	Y313-137
	PM Raisin BC3
	7 bags
	440
	882
	230
	40

	05-5551-108
	Y313-137
	PM Raisin BC3
	2,435
	129
	154
	8
	0

	Total
	
	
	20,576
	2,798
	4,529
	849 (18.7%)
	164c

	B43-17  V. rupestris x V. arizonica
	
	
	
	
	
	

	04-5002-42
	Y129-161
	Table      BC1
	2,902
	264
	675
	189
	32

	04-5051-14
	A56-92
	Raisin     BC1
	4,168
	345
	700
	177
	23

	04-5051-4
	A63-85
	Raisin     BC1
	6 bags
	333
	434
	159
	19

	Total
	
	
	7,070
	942
	1,809
	525 (29.9%)
	74c

	SEUS source of resistance BD5-117
	
	
	
	
	
	

	C33-30
	BD5-117
	Genetic family
	10 bags
	1,847
	2,350
	692
	361

	01-5026-20
	B28-128
	Table BC1
	7 bags
	165
	350
	31
	13

	01-5026-28
	B28-126
	Table BC1
	7 bags
	285
	328
	73
	20

	01-5026-31
	C62-109
	Table BC1
	7 bags
	149
	350
	126
	42

	01-5026-20
	01-5026-8
	Table F2
	7 bags
	152
	207
	7
	5

	01-5026-20
	01-5026-33
	Table F2
	7 bags
	206
	375
	52
	22

	01-5026-10
	A56-66
	Raisin BC1
	2,602
	188
	350
	91
	68

	01-5026-20
	A56-92
	Raisin BC1
	7 bags
	140
	351
	51
	7

	01-5026-20
	A51-55
	Raisin BC1
	7 bags
	16
	11
	0
	0

	01-5026-10
	Y313-137
	PM Raisin BC1
	2,683
	143
	164
	56
	50

	Total
	
	
	5,285
	3,291
	4,836
	1,179 (24.4%)
	573


aNumber of plants planted to the greenhouse as of 3/10/09.

bParents with female flowers were not emasculated, only bagged and pollinated.
cOnly plants with resistant markers were planted in the greenhouse.
Table 2.  2008 table and raisin grape PD resistant seeded x seedless crosses and the number of seeds produced.
	Female
	Male
	Type
	No.Emasculations
	No.Seeds

	89-0908 V. rupestris x V. arizonica
	
	
	

	05-5501-26
	C45-64
	Table BC3
	3 bagsa
	41

	05-5501-26
	A40-93
	Table BC3
	3 bags
	12

	04-5554-1
	A56-94
	Raisin BC3
	800
	385

	05-5501-26
	Y315-400
	PM Raisin BC3
	3 bags
	29

	05-5501-26
	Y314-360
	PM Raisin BC3
	3 bags
	10

	B43-17  V. rupestris x V. ariconica
	
	
	

	04-5001-11
	C58-37
	Table BC1
	3 bags
	334

	04-5001-8
	C61-123
	Table BC1
	5 bags
	191

	SEUS BD5-117 source of resistance
	
	
	

	01-5026-11
	C45-64
	Table BC1
	3 bags
	15

	01-5026-21
	A50-33
	Raisin BC1
	3 bags
	376

	Total
	
	
	800 + 26 bags
	1,393


aParents with female flowers were not emasculated, only bagged and pollinated.

Table 3.  Determination of seedling resistance based on molecular markers for 89-0908 BC3 and BC2 families made in 2007.

	Year -No. Crosses
	Type Cross
	No. Resistanta
	No. Susceptibleb 
	No. Recombinants
	No datac
	Total

	07 - 4
	Table BC3
	4
	152
	48
	2
	206

	07 – 8
	Raisin BC3
	188
	256
	53
	54
	551

	07 – 2
	Raisin BC2
	171
	203
	46
	14
	434

	07 - 14
	Total
	363
	611
	147
	70
	1,191

	08 - 2
	Table BC3
	41
	17
	9
	10
	86

	08 - 3
	Raisin BC3
	46
	38
	11
	16
	111

	08 - 2
	Table BC3 + PM
	36
	28
	13
	9
	86

	08 - 3
	Raisin BC3 + PM
	62
	51
	16
	18
	147

	08 - 1
	Table BC3
	27
	25
	17
	23
	92

	08 - 2
	Raisin BC3
	39
	33
	20
	15
	107

	08 - 13
	Total
	251
	192
	86
	100
	629


aResistant = marker on both sides of PdR1 region.   bSusceptible = no PdR1 markers.

cNo data = genotypes that amplified with one marker, off types or failed with both markers
Table 4.  Summary of seedlings planted in the field in 2008 from 2007 crosses.



Source of resistance
Breeding Cycle
# Families
# Seedlings

SEUS
BC1
1
58

V. arizonica
BC2
2
172
a
V. arizonica
BC3
9
213
a
V. tiliifolia
F1
1
86




aOnly Pierce’s disease resistant seedlings planted in the field based on molecular markers.
Table 5.  Results of greenhouse test for determination of PD reaction.
	Population
	Resistance

Source
	Total sent
	Testing Compete

No. tested       No. resistant

	BD5-117 map
	BD5-117
	154
	125
	25

	Arizonica
	PdR1
	113
	105
	63

	Other PD
	SEUS
	65
	45
	1

	Total
	
	332
	275
	109
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Using marker-assisted selection to breed for Pierce’s disease resistance in grape.  American Society for Viticulture and Enology Annual Meeting, Portland, OR, June 18, 2008.

The hunt for resistance genes to combat Pierce’s disease.  National Viticultural Research Conference, Davis, CA, July 11, 2008.

Genetic and phenotypic resistance to Pierce’s disease in Vitis arizonica/candicans selections from Monterrey, Mexico (J. Rubin). National Viticultural Research Conference, Davis, CA, July 11, 2008.
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Breeding PD resistant table grapes.  Del Monte Grower’s Association, Davis, CA, September 26, 2008.

Grape breeding at UC Davis.  Integrated Winegrowing partners and growers.  Sebastopol, CA , November 20, 2008.

Creating Xylella fastidiosa resistant grapevines by conventional breeding.  CDFA PD/GWSS Research Meeting, San Diego, CA  December 17, 2008.

Research relevance statement

This project has developed very advanced Pierce’s disease resistant raisin and table grape germplasm (BC3 generation from V. arizonica).  Sixty three BC2 V. arizonica raisin and table grape selections with resistant markers have been verified as resistant in the greenhouse.  They are some of the parents of the 172 BC3 seedlings that will start flowering in 2009, at which time the BC3 seedlings will used to make the first BC4 generation (97% V. vinifera).  Resistant varieties will allow growers to produce table and raisin grapes in PD infested areas without concern for the vector.  
Lay summary of current year’s results

Progress in making additional backcross generations to combine high quality table and raisin grapes with Pierce’s disease (PD) is continuing.  Twenty-two seedless x seedless crosses to develop additional BC1 and BC3 V. arizonica and BC1 SEUS BD5-117 families were made in 2008.  BC3 generations from the V. arizonica PD resistance source have 93% of their genetic background from V. vinifera, which is the source of fruit quality.  With continued backcrossing, fruit quality and seedlessness is being increased while keeping PD resistance.  Powdery mildew resistance was included in five of the 2008 crosses.  All crosses produced 5,148 berries, 8,824 ovules and 1,841 embryos.  In addition, nine seeded BC1 crosses based on V. arizonica and SEUS BD5-117 PD resistance sources were made, resulting in 1,393 seed.  Molecular markers developed in Dr. Walker’s laboratory were successfully used to detect PD resistant individuals at a young seedling stage in the greenhouse.  Two BC2 and 12 BC3 families (V. arizonica source of resistance) consisting of 1,191 individuals from 2007 crosses were screened in March, 2008 at the seedling stage in the greenhouse with SSR markers for resistance.  A total of 363 were rated resistant and planted in the field.  Starting in November 2008, seedlings in test tubes from 12 crosses made in 2008 were tested with molecular markers and 251 resistant plants identified from 629 individuals.  Greenhouse screening for Xylella fastidiosa (Xf) resistance at Davis was completed on 150 selections and 63 of the 64 resistant individuals were from V. arizonica.  Twelve resistant selections have been planted in a replicated field trial at the USDA experiment station, Weslaco, Texas to determine their field resistance.  The BD5-117 F1 family for the development of additional molecular markers associated with PD resistance has been increased to over 500 plants this year. This meets our goal for the population size.  BD5-117 has given the highest number of resistant offspring of any of the SEUS resistant selections to date and makes an excellent choice for study to develop additional molecular markers.  Fruit of these seedlings were evaluated for cluster size, berry size, % soluble solids and seed/aborted seed size.  Cuttings of all 154 were made for evaluation of PD resistance in the greenhouse.  Testing is complete on 125 individuals, with 25 being resistant.  In 2008 identification of 105 polymorphic SSR primers was completed.  Fifty-four polymorphic markers with fluorescent tags have been run on all 150 individuals in 2008 to start the development of a rough framework map.  
Status of funds

Funds have been received and are being spent at the appropriate rate.

Summary and status of intellectual property produced during this research project

None produced to date.
Figure 1.  Table grape selections determined to be PD resistant after greenhouse testing in 2008.  The resistant V. arizonica (AZ) selections were initially selected by molecular markers.  
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