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Summary:

Although Pierce’s disease (PD) has existed in California since the late 1800s, the introduction of the glassy-winged sharpshooter to California in the late 1990’s significantly increased the spread and damage caused by PD.  A collaborative breeding program was started in 2000 to develop PD resistant table and raisin grapes with high fruit quality comparable to cultivars existing in markets today.  The sixth generation (BC5) crosses to produce quality table and raisin grapes with V. arizonica source of PD resistance were made for the first time this year.  These families will have high fruit quality as they consist of 98.5% V. vinifera.  An example of increased fruit quality is the selection for propagation in first stage production trials of six BC4 table, 8 BC4 and 3 BC3 raisin grape selections.  These selections show some commercial potential with one table grape selections showing enough promise for inclusion in a 25-vine cultural production trial.  Crosses to combine PM and PD resistance were also made.  The use of molecular markers to select for PD resistance and greenhouse screening to select for powdery mildew (PM) resistance allows selection before planting seedlings to the field.  Two table and five raisin grapes with PD plus PM resistance were selected and propagated in first stage production trials.  PD resistance of over 38 parents and selections from V. arizonica populations have been tested in greenhouse tests to insure the molecular markers for PD resistance continue to function properly.  Two hundred and forty-three seedlings of the BD5-117 mapping family, which has PD resistance different than V. arizonica, have been greenhouse tested.  A preliminary draft genetic map based on 70 SSR primers and 144 seedlings indicates a major QTL for PD resistance on linkage group 2.  This means that selected molecular markers from linkage group 2 might be useful as markers to select resistance from the BD5-117 source of resistance.  This collaborative research between USDA/ARS, Parlier and University of California, Davis has the unique opportunity to develop high quality PD resistant table and raisin grape cultivars for the California grape industry where PD could restrict the use of conventional table and raisin grape cultivars.

Objective and Experiments Conducted to Meet Stated Objectives:
Objective 1:  Develop PD resistant table and raisin grape germplasm/cultivars with fruit quality equivalent to present day cultivars.  
David Ramming’s portion of this project was to make crosses based on previous results and introgress PD resistance from the V. arizonica PdR1 resistance source into high quality table and raisin grape backgrounds.  The Walker lab portion of this objective was to use marker-assisted selection (MAS) to screen for PdR1 in embryo-rescued populations that Ramming created in raisin and table grape backgrounds.  The Walker lab then tested selections from Ramming that he chose on the basis of their horticultural characteristics and the presence of PdR1.  These selections were greenhouse tested and the results reported back to Dr. Ramming.  In this reporting period we tested 281 of his selections that combined horticultural traits such as seedlessness, seed trace size, berry size and shape, berry flesh texture and cluster compactness for table grapes; and additional characters for raisin grapes such as early ripening, capacity for dried on vine production, thin skins, and pleasant flesh characteristics.
Greenhouse testing for X. fastidiosa resistance.

The greenhouse test is a key step to the selection of PD resistant plants.  This test is done with a series of bio-controls that allow us to compare values over time and across greenhouse conditions.  We know that there are PD resistant varieties that are very field resistant and rarely show symptoms, but host relatively high levels of X. fastidiosa.  The PD resistant winegrape breeding program made a decision to select only genotypes that were the most resistant for use as parents in the backcrossing breeding process in an attempt to avoid increasing the percentage of more tolerant progeny in successive populations.  The PD resistant table grape breeding program included more tolerant (PdR1 containing genotypes with relatively high X. fastidiosa levels) genotypes that may be field resistant (field testing will determine this) but may also act as X. fastidiosa hosts in the field.  The number of resistant plants seems relatively low in Table 1, but the majority of the “susceptible” plants with PdR1 had much lower X. fastidiosa levels than the known susceptible bio-controls.  
Table 1A presents the number of resistant plants identified in testing of the BD5-117 mapping populations.  BD5-117 is a very resistant selection from John Mortensen’s University of Florida breeding program.  BD5-117’s resistance is from several southeastern US grape species but this resistance is multigenic.  Drs. Ramming and Lin have been developing a genetic map for this population and we have been testing the population for resistance.  Over this reporting period we tested 154 genotypes in our greenhouse screen and identified 14 with excellent resistance.  
Table 1B presents the results of greenhouse screening of table grape genotypes that have PdR1, but were from crosses of parents that were chosen first for horticultural characters and not for the lowest possible X. fastidiosa levels.   This decision has led to decrease in the observed vs. expected number of greenhouse resistant plants in the table and raisin grape breeding populations.  Many of the plants that greenhouse tested susceptible may in fact be field resistant and hold up under PD pressure in the field, but they do host higher levels of bacteria and it will take longer to verify their field resistance.  Of the 19 selections tested at the 94% vinifera level, 3 were highly resistant based on the greenhouse screen results.  There are 19 more waiting ELISA testing.
Table 1C presents the results of greenhouse screening of raisin grape genotypes with PdR1 at varying backcross levels.  Twenty-one of the 53 tested so far had strong resistance and there are 45 more nearing the end of greenhouse testing.  Table 1D presents the results of greenhouse screening of crosses designed to combine / pyramid PD resistance with resistance to powdery mildew.  Two of 26 selections had strong resistance to PD and these are under test for powdery mildew resistance at Parlier.  There are 13 more selections awaiting ELISA testing.  Table 1E presents testing information on selections for which incomplete information was provided to us.  
A total of 360 plants were greenhouse screened across 6 different testing periods.  The greenhouse conditions varied widely, and in some cases tests were repeated.  Resistance was based on comparison to our most resistant and consistent bio-control, U0505-01 and the mean separations were based on Dunnett’s testing.  Forty-eight were highly resistant. Seventy-nine are pending and ELISA testing should be complete within two months.  
Table 1A.  Greenhouse evaluations for PD resistance within the BD5-117 genetic mapping population.


	Cross
	Female
	Male
	Type
	PD BC level
	# R
	# Tested
	# Results Pending

	03-5003
	C33-30
	BD5-117
	Map
	F1
	7
	105
	 

	06-5003
	C33-30
	BD5-117
	Map
	F1
	1
	8
	 

	01-5026
	C33-30
	BD5-117
	Map
	F1
	4
	17
	 

	07-7053
	C33-30
	BD5-117
	Map
	F1
	2
	24
	 

	 
	  Total
	 
	 
	 
	14
	154
	 

	
	
	
	
	
	
	
	


Table 1B.  Greenhouse evaluations for PD resistance within the PdR1 resistance background and at the Backcross 3 level (94% vinifera) for table grapes.






	Cross
	Female
	Male
	Type
	PD BC level
	# R
	# Tested
	# Results Pending

	08-5001
	05-5502-05
	A85-40
	Table
	BC3
	2
	9
	5

	07-5003
	A38-7
	05-5551-39
	Table
	BC3
	 
	1
	1

	08-5003
	Scarlet Royal
	05-5502-05
	Table
	BC3
	 
	2
	3

	09-5011
	05-5502-15
	04-5514-243
	Table
	BC3
	 
	 
	1

	09-5013
	B71-60
	07-5054-12
	Table
	BC4
	 
	5
	7

	05-5501
	A81-17
	A85-40
	Table
	BC2
	 
	1
	 

	06-5501
	A81-17
	B28-126
	Table
	BC2
	 
	 
	2

	06-5503
	A81-17
	Y150-14
	Table
	BC2
	1
	1
	 

	 
	  Total
	 
	 
	 
	3
	19
	19

	
	
	
	
	
	
	
	


Table 1C.  Greenhouse evaluations for PD resistance within the PdR1 resistance background and at various backcross levels for raisin grapes.






	Cross
	Female
	Male
	Type
	PD BC level
	# R
	# Tested
	# Results Pending

	07-5051
	A49-82
	05-5551-110
	Raisin
	BC3
	4
	5
	4

	07-5052
	04-5554-08
	A63-85
	Raisin
	BC3
	8
	14
	4

	07-5054
	A50-85
	05-5551-109
	Raisin
	BC3
	 
	 
	1

	08-5054
	04-5051-14
	A 56- 92
	Raisin
	BC1
	 
	 
	1

	08-5055
	04-5051-4
	A 63- 85
	Raisin
	BC1
	1
	1
	1

	07-5056
	A51-21
	04-5554-01
	Raisin
	BC3
	 
	3
	 

	08-5056
	04-5554-8
	A 63- 85
	Raisin
	BC3
	1
	5
	6

	09-5056
	07-5061-044
	A63-85
	Raisin
	BC4
	 
	1
	 

	07-5058
	B82-43
	05-5551-62
	Raisin
	BC3
	1
	3
	4

	07-5059
	A81-138
	Summer Muscat
	Raisin
	BC2
	5
	5
	3

	07-5060
	A81-138
	Selma Pete
	Raisin
	BC2
	 
	2
	1

	07-5061
	04-5554-08
	A50-33
	Raisin
	BC3
	1
	6
	2

	09-5063
	07-5061-141
	Y143-39
	Raisin
	BC4
	 
	1
	 

	09-5064
	07-5061-141
	B82-43
	Raisin
	BC4
	 
	1
	 

	09-5066
	07-5061-143
	Y144-157
	Raisin
	BC4
	 
	3
	9

	09-5068
	A50-39
	07-5061-034
	Raisin
	BC4
	 
	 
	1

	09-5070
	A50-91
	07-5061-146
	Raisin
	BC4
	 
	 
	2

	09-5073
	Y142-76
	07-5061-034
	Raisin
	BC4
	 
	 
	1

	09-5074
	Y142-76
	07-5061-072
	Raisin
	BC4
	 
	1
	1

	06-5551
	A81-138
	A95-21
	Raisin
	BC2
	 
	 
	2

	06-5552
	A81-138
	B82-43
	Raisin
	BC2
	 
	2
	1

	04-5554
	A081-138-02
	Selma Pete
	Raisin
	BC2
	 
	 
	1

	 
	  Total
	 
	 
	 
	21
	53
	45

	
	
	
	
	
	
	
	


Table 1D.  Greenhouse evaluations for PD resistance in a series of pyramiding crosses to combine PD and powdery mildew resistance in table or raisin grapes.






	Cross
	Female
	Male
	Type
	PD BC level
	# R
	# Tested
	# Results Pending

	06-5504
	A81-17
	Y315-54
	PM Table
	BC2
	 
	1
	 

	08-6002
	05-5502-05
	Y315-400
	PM Table
	BC3
	1
	2
	 

	08-6003
	Y314-360
	05-5502-05
	PM Table
	BC3
	 
	1
	 

	06-5553
	A81-138
	C81-116
	PM Raisin
	BC2
	 
	5
	 

	08-6052
	04-5554-19
	Y313-137
	PM Raisin
	BC3
	 
	4
	2

	08-6053
	04-5554-8
	Y313-137
	PM Raisin
	BC3
	1
	11
	9

	09-6054
	07-5061-014
	Y308-344
	PM Raisin
	BC4
	 
	2
	2

	 
	  Total
	 
	 
	 
	2
	26
	13

	
	
	
	
	
	
	
	


Table 1E.  Greenhouse evaluations for PD resistance in various vinifera parents crossed to other Vitis species from the southeastern United States.

	Cross
	Female
	Male
	Type
	PD BC level
	# R
	# Tested
	# Results Pending

	 
	SEUS
	Vinifera
	Varies
	Varies
	8
	29
	2

	
	
	
	
	
	
	
	


Marker-assisted selection for PdR1.  
The Walker lab tested almost 3,000 genotypes over the last three years for the presence of genetic markers associated with resistance to X. fastidiosa.  This marker-assisted selection was done primarily on the embryo rescued progeny from populations of seedless x seedless crosses.  These efforts are done in careful coordination with Dr. Ramming so that he can plant only those seedlings with PdR1 resistance in to the field for later horticultural evaluation.   Table 2 presents the genotypes tested in 2011, Table 3 presents the genotypes tested in 2012 and Table 3 presents the genotypes tested in 2013.  
	Table 1. Marker-assisted selection (MAS) for the year 2011 for USDA.

	Cross ID
	Female
	Male
	# of tested plants
	R
	S
	Recombinant/no data

	10-5004
	07-5052-71
	07-5054-12
	4
	3
	1
	

	10-5005
	06-5501-229R
	Y129-176
	10
	6
	2
	1

	10-5006
	06-5501-229R
	Y529- 4
	1
	1
	0
	0

	10-5007
	06-5501-229R
	Y540-193
	8
	6
	1
	1

	10-5008
	06-5501-229R
	Y537- 32
	32
	16
	13
	3

	10-5009
	05-5502-15
	Y129-161
	2
	1
	1
	0

	10-5013
	07-5052-036R
	Y538- 58
	4
	2
	2
	0

	10-5015
	07-5052-036R
	Y151- 58
	7
	6
	1
	0

	10-5052
	07-5052-52
	07-5054-6
	1
	1
	0
	0

	10-5054
	07-5061-134
	07-5052-182
	4
	2
	2
	0

	10-5063
	07-5052-086R
	06-5551-239R
	3
	2
	1
	0

	10-5065
	07-5058-029R
	05-5551-049
	9
	5
	3
	1

	10-5073
	07-5058-029R
	B 82- 43
	5
	2
	3
	0

	10-5074
	07-5058-029R
	Y143- 39
	13
	8
	4
	1

	10-5076
	B 82- 43
	07-5052-109
	25
	3
	21
	1

	10-6001
	Y314- 17--04
	
	27
	9
	18
	0

	10-6002
	Y314- 17--04
	05-5501-53
	3
	0
	3
	0

	10-6003
	05-5501-06
	Y308-289
	5
	2
	3
	0

	10-6005A
	05-5502-15
	Y308-311
	1
	1
	0
	0

	10-6007
	07-5052-036R
	B 88- 69
	4
	3
	1
	0

	10-6051
	Y302-178
	06-5553-242R
	1
	1
	0
	0

	10-6053
	Y520-202--08
	06-5551-239R
	52
	22
	28
	2

	10-6056
	07-5058-029R
	Y302-152
	3
	2
	1
	0

	10-6058
	Y309-397
	07-5060-061R
	4
	1
	3
	0

	
	
	Total
	228
	105
	112
	10


	Table 2. Marker-assisted selection (MAS) for the year 2012 for USDA.

	Cross Id
	Female
	Male
	# of tested plants
	R
	S
	Recombinant/no data

	10-5501
	
	
	6
	4
	2
	0

	10-5502
	
	
	14
	4
	9
	1

	10-5503
	
	
	10
	7
	2
	1

	10-5551
	
	
	3
	1
	2
	0

	10-6007
	07-5052-036R
	B 88- 69
	1
	1
	0
	0

	10-6053
	Y520-202--08
	06-5551-239R
	5
	0
	5
	0

	10-7501
	
	
	3
	0
	3
	0

	09-5013
	B 71- 60
	07-5054-12
	10
	9
	0
	1

	09-5056
	07-5061-044
	A 63- 85
	4
	4
	0
	0

	09-5057
	07-5061-044
	A 50- 33
	1
	1
	0
	0

	09-5066
	07-5061-143
	Y144-157
	1
	1
	0
	0

	09-6054
	07-5061-143
	Y308-344
	7
	1
	4
	2

	11-5001
	04-5514-144
	Y125- 39--05
	22
	10
	9
	3

	11-5002
	06-5503-107
	Y129-161--05
	2
	1
	0
	1

	11-5003
	Y152-128--08
	08-5001-20
	13
	8
	3
	2

	11-5004
	06-5501-229
	Y536- 53
	20
	8
	8
	4

	11-5006
	06-5503-126
	Y537-131--06
	17
	7
	10
	0

	11-5007
	06-5501-423
	05-5502-15
	57
	34
	10
	13

	11-5008
	06-5501-423
	05-5501-27
	12
	8
	2
	2

	11-5009
	04-5015-5
	C 61-123
	14
	8
	3
	3

	11-5010
	06-5503-126
	C 61-123
	75
	27
	36
	13

	11-5013
	08-5001-41
	Y525- 60--07
	51
	22
	21
	8

	11-5015
	09-5013-013
	Y530- 5--07
	86
	39
	42
	5

	11-5051
	A 51- 36
	05-5551-116
	32
	11
	20
	1

	11-5052
	07-5052-033
	A 63- 85
	12
	5
	4
	3

	11-5053
	A 51- 36
	07-5061-072
	36
	20
	12
	4

	11-5054
	09-5057-048
	B 82- 43
	15
	9
	6
	0

	11-5057
	A 63- 85
	09-5056-012
	3
	1
	1
	1

	11-5058
	A 63- 85
	09-5064-038
	38
	12
	19
	7

	11-5063
	Y143- 26
	09-5063-023
	1
	0
	1
	0

	11-5065
	Y143- 26
	09-5072-024
	3
	2
	1
	0

	11-5066
	Y144-132--04
	09-5074-002
	50
	28
	19
	4

	11-5501
	04-5002-18
	Y525- 60--07
	61
	21
	24
	16

	11-5503
	05-5501-26
	Y127-111--05
	10
	4
	2
	4

	11-5504
	05-5501-06
	Y152-128--08
	128
	57
	58
	11

	11-5505
	
	
	2
	1
	1
	0

	11-5506
	07-5060-134
	Y525- 60--07
	28
	15
	10
	3

	11-5507
	07-5060-134
	Y540-193--05
	54
	17
	29
	8

	11-5509
	07-5060-134
	C 61-123
	5
	1
	2
	2

	11-5510
	07-5060-134
	C 75- 4
	4
	1
	1
	2

	11-5511
	07-5060-134
	Y308-148--06
	6
	0
	5
	1

	11-5517
	
	
	159
	63
	69
	27

	11-6001
	05-5501-69
	Y312-187--06
	1
	0
	1
	0

	11-6002
	05-5501-69
	Y313-157--08
	1
	0
	1
	0

	11-6003
	06-5501-229
	Y313-191--08
	1
	0
	1
	0

	11-6004
	06-5501-238
	Y308-311--06
	52
	21
	27
	4

	11-6005
	Y315-400--04
	05-5501-27
	29
	0
	29
	0

	11-6007
	Y520- 71--07
	08-5001-20
	7
	3
	2
	2

	11-6009
	08-6003-002
	Y152- 84--08
	21
	8
	10
	3

	11-6051
	07-5052-033
	Y308-312--06
	11
	6
	5
	0

	11-6052
	07-5052-033
	Y308-329--06
	9
	1
	7
	1

	11-6053
	A 49- 82
	08-6053-020
	1
	0
	1
	0

	11-6054
	A 51- 36
	08-6053-012
	11
	0
	5
	6

	11-6055
	A 63- 85
	08-6053-20
	4
	0
	3
	1

	11-6056
	08-6052-003
	A 51- 60
	24
	11
	10
	3

	11-6057
	08-6053-028
	A 51- 43
	14
	6
	5
	3

	11-6058
	08-6053-028
	A 63- 85
	35
	14
	15
	6

	11-6059
	B 82- 43
	08-6053-012
	36
	0
	21
	15

	11-6060
	B 82- 43
	08-6053-020
	14
	9
	5
	0

	11-6061
	09-5013-013
	Y308-329--06
	5
	2
	3
	0

	11-6065
	
	
	1
	0
	1
	0

	11-6504
	
	
	30
	6
	21
	3

	11-6502
	
	
	23
	11
	11
	1

	
	
	Total
	1411
	571
	639
	201


	Table 3. Marker-assisted selection (MAS) for the year 2013 for USDA.

	Cross ID
	Female
	Male
	# of tested plants
	R
	S
	Recombinant/no data

	
	
	
	
	
	
	

	12-5001
	Y128- 71--05
	08-5001-21R
	55
	19
	35
	1

	12-5002
	Y537-168--06
	08-5001-21R
	127
	68
	50
	9

	12-5003
	Y537-168--06
	08-5001-34R-R
	75
	0
	58
	17

	12-5004
	09-5013-091
	08-5001-21R
	121
	82
	20
	19

	12-5005
	09-5013-118
	Y139- 31--08
	77
	47
	22
	8

	12-5006
	09-5064-022
	Y129-161--05
	43
	20
	18
	5

	12-5052
	09-5056-072R
	07-5051-09R-R
	3
	2
	1
	0

	12-5053
	A 50- 91
	07-5052-109R-R
	67
	32
	26
	9

	12-5054
	09-5063-018R
	08-5055-04R-R
	35
	25
	3
	7

	12-6002a
	05-5501-69R-R
	Y308-314--06
	7
	2
	4
	1

	12-6004
	05-5502-15R-R
	Y308-311--06
	116
	66
	31
	19

	12-6005
	05-5502-15R-R
	Y308-314--06
	22
	16
	4
	2

	12-6006
	Y310- 34--09
	09-5013-075
	27
	13
	9
	5

	12-6007
	Y315-415--04
	08-5001-21R
	3
	2
	0
	1

	12-6008
	Y315-415--04
	08-5001-34R-R
	1
	1
	0
	0

	12-6051
	07-5051-028R-R
	Y309-166--09
	16
	11
	3
	2

	12-6053
	09-5056-072R
	Y315-264(141)-08
	36
	21
	7
	8

	12-6054
	Y302-178--06
	07-5051-09R-R
	66
	2
	54
	10

	12-6056
	09-5066-097R
	09-6054-006
	20
	13
	6
	1

	12-6057
	09-5066-103R
	09-6054-006
	103
	76
	12
	15

	12-6501
	05-5502-32R-R
	Y308-314--06
	14
	9
	4
	1

	12-6502
	07-5060-134R-R
	Y308-344--06
	44
	17
	25
	2

	12-6504
	07-5059-093R-R
	Y308-314--06
	4
	2
	2
	0

	12-6505
	05-5501-06R-R
	Y308-281--06
	80
	39
	39
	2

	12-6507
	05-5501-06R-R
	Y308-314--06
	116
	65
	46
	5

	12-6509
	05-5501-38R-R
	Y308-311--06
	48
	30
	16
	2

	12-6510
	05-5501-57R-R
	Y308-314--06
	27
	13
	13
	1

	
	
	Total
	1353
	693
	508
	152


Objective 2:  Develop molecular markers for Xf/PD resistance in a family (SEUS) other than V. arizonica.  

The PD resistant grape selection BD5-117 from Florida was hybridized with the seedless table grape selection C33-30 to create the mapping population of over 500 individuals.  Fruit samples are being taken from all seedlings to have three years data for berry weight and seed/seed trace weight as an indication of fruit quality.  Flower type is also being recorded.  Over this research period the Walker lab tested 154 genotypes from this population and found 14 with strong resistance PD.  The genetic mapping efforts with this population are being undertaken at Parlier in collaboration with Dr. Hong Lin.
Division of objectives and experiments.  All plants are maintained and evaluated for fruit and plant characteristics at Parlier in Ramming’s laboratory.  Greenhouse screening of plants for Xylella resistance was done at Davis in Walker’s laboratory.  All molecular primers were evaluated and allele calls made with Gene Mapper 4 for all polymorphic primers at Parlier in Ramming’s laboratory.  QTL determination of linkage groups was done at Davis in Walker’s laboratory.
Summary of Major Research Accomplishments and Results by Objective.
Objective 1:  Additional families for the development of PD resistant seedless table and raisin grape cultivars are being produced.  Emphasis was placed on making the first BC5 and additional BC4 V. arizonica PD resistant families.  These families will have high fruit quality as they consist of 97 – 98.5% V. vinifera.  The use of molecular markers has simplified and sped up the identification of PD resistant individuals from V. arizonica.  Seedless table and raisin grape selections with PD resistance and improved fruit quality have been made in both BC4 and BC3 V. arizonica and F1 BD5-117 families.  For example, 6 new table and 11 new raisin PD resistant and 1 new table PD plus PM resistant selections were made from BC4 and BC3 V. arizonica families and will be propagated for production trials.  
Objective 2:  Two hundred and forty-three seedlings from the BD5-117 family to develop a frame-work map for this source of PD resistance have been evaluated in the greenhouse for PD resistance.  Initial mapping indicated a major QTL for resistance on linkage group 2 in the BD5-117 family.  The development of PD resistant table and raisin grape cultivars will make it possible to keep the grape industry viable in PD infested areas.  Molecular markers will greatly aid the selection of PD resistant individuals from SEUS populations.

Outside Presentations of Research:
This work has been published as yearly reports to the GWSS/PD Board and in the Proceedings of the annual GWSS/PD meetings.
Research Success Statement:
This project has developed very advanced PD resistant raisin and table grape germplasm and advanced selections.  The first BC5 generation from V. arizonica with 97% V. vinifera in its background was created this year and will start flowering in 2013.  The use of molecular markers has simplified and sped up the identification of PD resistant individuals from V. arizonica.  Seedless table and raisin grape selections with PD resistance and improved fruit quality have been made in both BC4 and BC3 V. arizonica and F1 BD5-117 families.  For example, 6 new table and 11 new raisin PD resistant and 1 new table PD plus PM resistant selections were made from BC4 and BC3 V. arizonica families and will be propagated for production trials.  Resistant varieties will allow growers to produce table and raisin grapes in PD infested areas without concern for the vector.  Initial mapping indicated a major QTL for resistance on linkage group 2 in the BD5-117 family.  Molecular markers will greatly aid the selection of PD resistant individuals from SEUS populations and development of additional PD resistant table and raisin grape cultivars.

Funds Status:  Funds have been spent.
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