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I. Project Title: Map-based identification and positional cloning of Xylella fastidiosa resistance genes from known sources of Pierce’s disease resistance in grapes. 

Reporting period:  October 2008 to March 2009
II. Principal Investigators and Cooperators: Andrew Walker and Summaira Riaz, Dept. Viticulture and Enology, UC Davis, Davis, CA 95616-8749; awalker@ucdavis.edu 

III. List of objectives and description of activities

Objective 1. Completely characterize and refine the Xf resistance locus on chromosome 14 by genetic mapping in four populations 04190 (V. vinifera F2-7 x F8909-08), 9621 (D8909-15 x F8909-17), 04191 (F2-7 x F8909-17), and 04373 (V. vinifera F2-35 x V. arizonica b43-17). 

Objective 2. Genetic mapping of PD resistance from resistant accessions b42-26 and b40-14.

Objective 3. Develop a BAC library for the homozygous resistant genotype b43-17 (parent of F8909-08, and F8909-17) and screen the library with closely linked markers. 

Objective 4. Complete the physical mapping of PdR1a and PdR1b and initiate the sequencing of BAC clones that carry PdR1a gene candidates. 
IV. Summary of Research Accomplishments

Objective 1. In the previous report, results were presented on the resistant genotypes F8909-17 and F8909-08 that inherited different strands of the paired chromosome (haplotypes) from the homozygous resistant parent b43-17 (Riaz et al. 2008). The updated map of the 9621 population developed from 433 progeny and additional markers was also discussed. The genetic position of the PdR1a resistance locus was refined and now positioned between marker VVCh14-56 and VVCh14-70 (Fig. 1). Table 1 shows the key recombinants from this population.  It is interesting to point out that majority of the recombination events happened between marker VVCh14-70 and VVCh14-29. VVCh14-70 is new marker developed from the sequence obtained from Pinot noir genome sequence. The resistant allele is unique in size, which makes this marker very robust and useful for marker-assisted screening (MAS). We also marker screened a total of 458 additional plants from the 9621 population with linked markers (VVIP26 and VMC2a5) and a subset of 49 recombinant plants were selected to greenhouse screen. Tightly linked markers (VVCh14-56 and VVCh14-70) were added to the set of recombinant plants. For sixteen of the plants, recombination event happened between VVIP26 and VVCh14-56, five plants had recombination between markers VVCh14-70 and VVCh14-29, 23 plants had recombination between marker VMCNg2b7.2 and VMC2a5. There are four potential key recombinants where a recombination event happened between PdR1a and the flanking marker. One plant had missing marker data. Greenhouse screening of all 49 plants is underway and results will be available April/May 2009. An additional 24 recombinant plants were selected from five different crosses (totaling180 plants) that used the F8909-17 background and their greenhouse screen is also underway. The updated map with additional results will be discussed in the next report.

In the 04190 population, PdR1b maps between VVCh14-02 and VVCh14-70 (Fig. 1). Additional markers VvCh14-28/VVCh14-29/VVCh14-30 were also added to the entire set of 397 plants within the 04190 population. These new markers were developed from the Pinot noir genomic region that corresponds to the VMCNg3h8 clone sequence. Previously, marker VMCNg3h8 was not polymorphic for the 04190 population. The greenhouse screen was repeated for key recombinants, which also helped refine the data. In addition, marker analysis identified 14 recombinants from 15 different crosses (1000 plants) containing F8909-08.  We completed the greenhouse screen of 35 recombinants (including seedlings from PdR1b background crosses). This screen indicated four key recombinants; in two plants a recombination event happened between PdR1b and VVCh14-02 and in one plant a recombination even happened between the resistance locus and VVCh14-70 (Table 1). Greenhouse screening is being repeated for the fourth plant. 

A V. vinifera F2-35 x F8909-17 cross, generated a third mapping population, 04191, with 153 progeny.  This population provides genotypes with a 50% vinifera background for breeding and additional recombinant plants for genetic mapping.  It also provides a population where resistance from F8909-17 can be examined without possible confounding effects from D8909-15 (since D8909-15 has a multigenic resistance from b42-26). This population will also be critical for the identification of minor genes that might contribute to resistance. Therefore, we are expanding the framework genetic mapping to all 19 chromosomes.  The previous mapping focused only on chromosome 14. All 153 plants are being greenhouse screened and ELISA results will be available in April/May 2009. The framework map of all 19 chromosomes is also in process. The completed results of this aspect of the project will be presented in next report.

Objective 2. Thus far we have used three resistance sources (b43-17, b40-14 and b42-26 – Table 2). Resistance from b43-17 is inherited as a single gene, this locus has been placed on a refined genetic map, and significant progress has been made in the development of a physical map of that region. The preliminary data from resistance source b42-26 indicate that resistance is quantitative. We initiated genetic mapping in the F1 population from the b42-26 background (05347 –Table 2). Greenhouse screening of a subset found 48 genotypes were resistant and 13 were susceptible.  A total of 337 markers were tested on small parental data set.  Results found a high level of homozygosity for b42-26 (only 113 markers were polymorphic); 184 markers were homozygous for the male parent b42-26, 40 markers did not amplify.  We completed 70 markers on a set of 64 genotypes, however 64 genotypes is not an adequate population size to map a quantitative trait. Therefore this cross was repeated in Spring 2008 to produce additional plants for the core population. Currently the DNA extractions are being carried out on additional plants to produce a core mapping population of 188 genotypes. The framework map will be developed and all plants will be screened. The screening results will be available in Spring 2010.

Vitis arizonica b40-14 is an additional promising homozygous resistant genotype.  A total of 45 F1 genotypes from a cross of V. rupestris x b40-14 were screened and all were resistant except three genotypes with intermediate results.  Two resistant F1 plants were used to develop two populations  (07744 and 07386 – Table 2).  We completed DNA extractions from 122 seedlings from 07744 and 105 seedlings for 07386.  We have screened 240 SSR markers on a small subset of 8 genotypes including parents and few progeny (VMC series, VVMD and VVS markers). A total of 100 markers were polymorphic in preliminary screen. Assay with 80 polymorphic markers was completed on the entire set of 122 plants from the 07744 population. Fourteen markers did not prove to be polymorphic and 6 are still being processed. We have about 240 SSR markers that need testing on the small subset to determine if they are polymorphic for this population. These additional markers had been mapped in other vinifera-based mapping populations and belong to VVI, UDV, VMCNg and CTG marker series. We are hoping to develop a framework map of 200 markers in the 07744 population. Greenhouse screening results from these 122 plants will be completed by April 2009. 

Objectives 3 and 4. Two BAC libraries (each with a different restriction enzymes) from the homozygous resistant b43-17 were developed. Library screening was carried out twice with two markers (VVCh14-10 and VVCh14-56), both tightly linked to PdR1.  This identified 24 positive clones – four of the positive clones were positive with both markers: H23-P13, H34-B5 and H64-M16 and H45-J22.  The inclusion of new marker and greenhouse screen information moved the PdR1 locus between markers VVCh14-56/VVCh14-02 and VVCh14-70 (Fig.1), which required the BAC library be screened to find the clones in the genomic region at the end of VVCh14-70 marker.  The 14 positive BAC clones that were selected with flanking markers were amplified with marker VVCh14-56, which is polymorphic (with two alleles) for b43-17 and can be used to distinguish and group clones.  In an attempt to develop more markers, we utilized the 695Kb region from the Pinot noir genome sequence that covers the region between marker VVCh14-56 and VVCh14-27/VMCNg2b7.2 (Fig 1).  It is important to note that this region is from two different scaffolds of Pinot noir genome sequence (9 and 21). In the first phase, a total of 10 primers were developed that spread across 60 to 80Kb of the 695Kb sequence from Pinot noir.  Nine of these markers amplified the genomic DNA of resistant b43-17 successfully (Fig 2). We also developed SSR markers from this region that were placed in between the screening markers (Fig. 2). Currently the resistance locus resides between Ch14-56 and Ch14-70; a physical distance of 340Kb. Based on the genetic map from 9621 population, the physical and genetic distance correlates as 1cM is equal to about 216Kb. Based on the previous reported position of the PdR1 locus, we initiated shotgun sequencing of the H23P13 and H64M16 clones that represent two haplotypes of b43-17. A 173Kb region of the H23P13 clone was assembled after primer walking.  Given the new position of PdR1, we will be able to utilize the 35Kb region that spans the region from marker VVCh14-56.  The SSR marker VVCh14-70 is a useful and robust marker for MAS use. We used this marker for the recently completed screen of table grape selections from the Ramming / Walker PD breeding program for table grapes and it reduced the number of recombinants substantially. 
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VII. Research Relevance Statement

This research is studying the genetic basis of resistance to X. fastidiosa from several sources.  It is developing fine-scale genetic maps of PD resistance loci, and physically locating these loci on chromosomes so that the genes that control resistance can be studied and utilized.  This research project also provides the molecular genetic support and marker-assisted selection for breeding efforts to produce PD resistant winegrapes and collaborative efforts to produce PD resistant table and raisin grapes. 

VIII. Lay Summary

This report presents updated results on the refined mapping of a region (PdR1) on a chromosome from a form of V. arizonica (b43-17) that controls resistance to PD.   Recent efforts have positioned the PdR1 locus, which behaves as a single dominant gene, to within one recombination unit (1 cM) between flanking genetic markers.  We are also mapping PD resistance from two other forms of V. arizonica (b40-14 and b42-26), which have different loci / regions responsible for resistance. The key to this fine-scale mapping effort is the discovery of rare recombination events through the mapping and development of genetic markers flanking PdR1 followed by greenhouse screened to verify alteration in the expected resistance response – a recombination.   These results then fine-tune the markers we use to test for PD resistance and allow us to screen segments of the b43-17 chromosomes to physically locate the PdR1 gene or genes.  Many seedlings from three populations based on b43-17 are continuing to be screened for markers and greenhouse evaluated for PD resistance.  We have identified 24 BAC clones (segments of the b43-17 chromosomes) that contain part of the PdR1 locus.  BAC end sequencing was carried out on 14 of these BAC clones and two clones (H23P13 and H6M16) were completely sequenced. These two clones represent the different haplotypes (chromosome strands) of b43-17, which we know are slightly different loci (PdR1a and PdR1b).  We are also using the Pinot noir genome sequence to develop more markers in the PdR1 region.  One of these, VVCh14-70, has been very useful for marker-assisted selection and has helped by reducing the number of recombinant types due to its very close proximity to PdR1.  The next phase of this project will continue to fine tune the location of PdR1in multiple populations with genetic markers and then use these markers to identify BAC clones that contain PdR1.  These clones will be sequenced, these sequences will be compared to databases of genes with known or suspected function, and then we will test them in grape to verify which genes are involved in PD resistance.  This process is well underway with PdR1 resistance from b43-17, and we are moving ahead on an alternative single gene resistance source from b40-14 and a multiple gene resistance source from b42-26.  The goal is to understand and utilize these resistance sources to provide multiple levels of resistance to PD and ensure that resistance in the grape breeding program is durable. 

IX. Status of Funds

These funds will be spent over the course of the project.

X.  Summary and Status of Intellectual Property Produced

This project may identify resistance genes that will be patentable under UC regulations.  The DNA markers are also valuable breeding tools, but are closely associated with specific breeding sources.

Table 1. Key recombinants from the 9621 (PdR1a) and 04190 (PdR1b) populations. The genotypes in bold red font are key recombinants with a recombination event between the marker and the resistance locus. “0” indicates a susceptible allele and “1” indicates a resistant allele.

	PdR1a Genotypes
	A0101
	VVCh14-56
	PdR1a
	VVCh14-70
	VVCh14-29
	VMCNg2b7.2

	-416
	0
	0
	0
	0
	1
	1

	-426
	0
	0
	0
	0
	1
	1

	-470
	0
	0
	0
	0
	1
	1

	-8
	0
	0
	0
	1
	1
	1

	-194
	0
	0
	0
	1
	1
	1

	-554
	0
	0
	0
	1
	1
	1

	-629
	0
	0
	0
	1
	1
	1

	-28
	0
	0
	1
	1
	1
	1

	-38
	0
	0
	1
	1
	1
	1

	-15
	1
	1
	1
	1
	0
	0

	-23
	1
	1
	1
	1
	0
	0

	PdR1b Genotypes
	VVCh14-10
	VVCh14-02
	PdR1b
	VVCh14-70
	VVCh14-30
	VVCh14-27

	06314-24
	0
	0
	0
	0
	1
	1

	06328-05
	0
	0
	0
	0
	1
	1

	04190-026
	0
	0
	0
	0
	1
	1

	06317-50
	1
	1
	1
	1
	0
	0

	04190-383
	1
	1
	1
	1
	0
	0

	06317-50
	1
	1
	1
	1
	0
	0

	04190-381
	1
	1
	1
	0
	0
	0

	04190-320
	1
	1
	0
	0
	0
	0

	04190-065
	1
	1
	0
	0
	0
	0

	06315-49
	1
	0
	0
	0
	0
	0

	06326-23
	1
	0
	0
	0
	0
	-

	06711A-60
	0
	0
	?
	1
	1
	1


Table 2.  Parentage and species information for populations and genotypes being used to map PD resistance.


	Population / Genotype
	Species / Parentage

	b42-26
	V. arizonica/girdiana

	b43-17
	V. arizonica/candicans

	b40-14
	V. arizonica

	D8909-15
	V. rupestris A. de Serres x b42-26

	F8909-08 and F8909-17
	V. rupestris A. de Serres x b43-17

	F2-7 and F2-35 (females)
	V. vinifera (Carignane x Cabernet Sauvignon)

	9621
	D8909-15 x F8909-17

	0023
	F8909-15 x V. vinifera B90-116

	03300/5
	101-14Mgt (V. riparia x V. rupestris) x F8909-08

	04190
	F2-7 x F8909-08

	04191
	F2-7 x F8909-17

	04373
	F2-35 x b43-17

	05347
	F2-35 x b42-26

	07744
	R8918-05 x V. vinifera Airen

	07386
	R8917-02 x V. vinifera Airen
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Fig. 1.  SSR-based genetic map of chromosome 14 from the 9621 (left) and 04190 (right) populations.
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