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LAYPERSON SUMMARY

We maintain and characterize many populations while breeding PD resistant wine grapes, some of which have been used to develop genetic maps.  These maps have been used to identify genetic markers that are tightly linked with PD resistance, and they have allowed classical breeding to be greatly expedited through marker-assisted selection.  Genetic maps allow the construction of physical maps that in turn allow the identification of genetic sequences housing resistance genes (Riaz et al. 2008; Riaz et al. 2009).  The physical map of the b43-17 resistance region allowed us to identify six candidate genes that may be responsible for PD resistance.  Comparisons with the Pinot noir and other plant genomes indicated that multiple tandem repeats of the disease resistance gene family Receptor-like proteins with LRRs domains were present in the resistance region.  This category of genes is involved in the recognition of microbes and in the initiation of defense responses (Bent and Mackey 2007).  We completed the cloning of five candidate genes: PdR1b.1, 2, 4, 5 and 6 and confirmed their sequence.  We also developed embryogenic callus cultures of PD susceptible V. vinifera Chardonnay and Thompson Seedless and the rootstock V. rupestris St. George for genetic transformation to verify candidate PD resistance gene function.  PdR1b.1, 2, 4, 5 and 6 have been used in transformation of tobacco and grape. Tobacco plants transformed with PdR1b.1, 5 and 6 are ready to be tested against Xylella fastidiosa in the greenhouse; a first round of testing has been conducted with PdR1b.1 plants. Transformed embryogenic callus of grape are producing plants. To reduce the time span for generating healthy transgenic plants we also tested two different methods that employ organogenesis (induced shoot development) for Agrobacterium-mediated transformation.  We were successful in streamlining one method that will allow us to reduce the time required to generate transformed plants by 4 months. We also initiated total RNA extraction experiments to allow time course examinations of gene function from leaf and stem tissues.  These were successfully completed and we are now ready to evaluate gene function over time in inoculated and un-inoculated plants of the PdR1 containing resistant selections F8909-08 and F8909-17, their resistant parent b43-17, their susceptible parent V. rupestris A. de Serres, and the susceptible control Chardonnay.  These plants are established in the greenhouse and will be inoculated later this summer. 
Objectives of Proposed Research

Pierce’s disease resistant cultivars can be obtained by conventional breeding through the introgression of resistance from Native American species into elite vinifera wine and table grapes.  The other approach is ‘Cisgenesis’: transforming elite V. vinifera varieties with resistance genes and their native promoters that were cloned from disease resistant American grape species. We have cloned PD resistance gene(s) from V. arizonica/candicans b43-17 that belong to the Serine Threonine Protein Kinase with LRR domain (STPK-LRR) gene family. For this project, the main objectives are: 

1. Structural analysis and gene annotation via comparison of the PdR1 locus to the susceptible Pinot noir using the assembled sequence of the BAC clone H694J14. 

2. Expression studies of candidate genes.

3. Complementation tests of candidate gene(s) to test their function using:

a) Agrobacterium-mediated transformation of the susceptible Vitis cultivars (Chardonnay and Thompson Seedless, and the rootstock St. George).
b) Transformation of tobacco.

This report focuses on Objective 3.  

Objective 3. Genetic transformation for the validation of gene constructs / Development of alternative protocols.  Once the gene constructs are completed, they must be tested to see if they contain the resistance genes.  This is done by inserting the genes into a susceptible plant and testing to see if the insertion makes it resistant.  Currently, the most widely used method for the production of transgenic/cisgenic grapes is based on Agrobacterium transformation followed by regeneration of plants from embryogenic callus. We have established cultures of pre-embryogenic callus derived from anthers of V. vinifera Thompson Seedless and Chardonnay and the rootstock V. rupestris St. George.  These cultures of embryogenic calli can be used readily for transformation (Agüero et al. 2006). 
Candidate genes have been cloned successfully. We have subcloned PdR1b.1 into binary vectors pCAMBIA-1303 (www.cambia. org) and pDU99.2215 and PdR1b.2, 4, 5 and 6 into pCAMBIA-1303. PdR1b.3 will not be pursued until flanking sequence information is available. pCAMBIA-1303 was included in the experiments because it carries a hygromicin resistance gene that improves the selection of transformants (D. Tricoli, pers. comm.).  An additional advantage is that it allows subcloning the gene in one step, by replacing the gus gene with the gene of interest.  The resulting plasmids have been used for transformation via Agrobacterium tumefaciens of Chardonnay, Thompson Seedless, St. George and tobacco SR1. Transgenic tobacco plants carrying each candidate gene (9-10 independent lines per gene) have been produced at the UCDavis Transformation Facility. Transformation experiments are at different stages of development:
1) The most advanced are tobacco plants transformed with PdR1b.1, 5 and 6, which have been multiplied in vitro and acclimated to greenhouse conditions for testing against X. fastidiosa based on the work by Francis et al., 2008 (Figure 2). Preliminary experiments have been conducted with plants transformed with PdR1b.1. Plants were initially inoculated with 10 μl of a suspension of the Beringer strain (OD600=0.25) on both sides of the stem using the pinprick technique as in grapevines. Because plants were symptomless 8 weeks after inoculation, they were cut to 10 cm and a second inoculation was performed on new growth leaves. This inoculation consisted of applying 20 μl of bacterium suspension to a 1 cm long incision made at the base of the main vein of the leaf. This type of inoculation produced symptoms on that particular leaf approx. 3 weeks after inoculation (Figure 2e). In this first experiment, untransformed plants showed symptoms faster than PdR1b.1 transgenic plants. Symptoms were more severe too, with an average of 2 leaves with symptoms in untransformed plants and no symptoms or one leaf with symptoms in transgenic plants. 

2) Tobacco plants transformed with PdR1b.2 and 4 are being multiplied in vitro;
3) Embryogenic calli of Thompson Seedless, Chardonnay and St George transformed with PdR1b.1, 5 and 6 that developed in selection medium with antibiotics have been subcultured to germination medium and are starting to regenerate plants; (Figure 3); 
4) Pre-embryogenic calli of grapes transformed with PdR1b.2 and 4 are being cultured in selection medium; 
A summary of the progress achieved for each candidate gene is shown in Table 2.  

Two alternative transformation techniques via organogenesis have been tested to reduce the time needed to produce transgenic grapes.  These methods have been developed in Thompson Seedless and are based on the use of meristematic bulks (MB) or etiolated meristems (EM) as explants for inoculation with Agrobacterium (Mezzetti et al. 2002, Dutt et al. 2007).  In the first method, Agrobacterium is inoculated on slices of MB. Using this procedure, transgenic plants of Thompson Seedles expressing GFP were produced in 3 months. No plants were regenerated from etiolated meristems and the procedure was laborious and time consuming. We have produced meristmatic bulks of Chardonnay and St. George. They were inoculated with Agrobacterium carrying PdR1b.4 in pCAMBIA 1303. We tested 3 initial levels of hygromicin, 5, 10 and 15 ug/ml. Hygromicin concentration was then increased gradually up to 25 ug/ml with each subculture. Since callus didn’t grow with any of the concentrations tested we are now assaying 0 ug/ml in the first step after inoculation. 
Transformation of pre-embryogenic cultures or MB have been performed with A. tumefaciens EHA105 pCH32, carrying binary plasmids with PdR1b coding sequences.  Overnight cultures of the bacteria in LB medium + antibiotics are diluted to 108 cells·ml-1 using liquid co-cultivation medium.  Pre-embryogenic calli are placed on a sterile glassfiber filter (GFF) overlaid on co-cultivation medium. The Agrobacterium culture is poured over the callus and excess is blotted with sterile filter paper after 5 min. MB slices are dipped in bacteria suspension for 10 minutes. Pre-embryogenic callus or MB are then transferred onto fresh co- cultivation medium.  After 48 h in the dark, MB or callus pieces, sub-divided into clumps of about 2 mm in diameter, are cultured on selection medium containing 100 ug/ml kanamycin or 0-15-25 ug/ml hygromicin.
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Figure 2. a-b) micropropagation of tobacco, c-d) tobacco growing in the greenhouse, e) untransformed tobacco leaf showing symptoms of Xylella infection.
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Figure 3. a) PdR1b.1 embryogenic callus growing in germination medium, b) PCR amplification of PdR1b.1 in transformed embryogenic callus, c) plant regeneration from PdR1b.1 embryogenic callus
Table 2. Progress status of transformation experiments
	
	Cloned into binary plasmid
	Grape 

transformation/plants
	Tobacco

transformation/plants

	PdR1b.1
	x
	x / plants in vitro
	x / plants in GH, inoculations underway

	PdR1b.2
	x
	x
	x / plants in vitro

	PdR1b.4
	x
	x
	x / plants in vitro

	PdR1b.5
	x
	x
	x / plants in GH, inoculations underway

	PdR1b.6
	x
	x
	x / plants in GH, inoculations underway


CONCLUSIONS

The last step in the characterization of a resistance gene is to verify that the isolated gene functions in a host plant.  This process requires that the gene is transformed into a susceptible host and challenged by the disease agent.  Agrobacterium-based transformation can be used with grape but initiating transformable and regenerable tissue is often a problem with grape.  We have cloned 5 PdR1b candidate genes and used them in genetic transformation of tobacco and pre-embryogenic callus of Chardonnay, Thompson Seedless and St. George to produce transgenic plants for use in testing the PdR1b candidates. Plants of transformed tobacco with PdR1b.1, 2, 4, 5 and 6 have been obtained and PdR1b.1, 5 and 6 are ready to be tested against X. fastidiosa in the greenhouse.  We are also testing another technique to speed the development of transgenic tissue from meristematic bulks that will allow PdR1 gene candidates to be tested in a much broader range of genotypes. Nevertheless, we are producing transgenic grape plants using the traditional procedure.
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RESEARCH RELEVANCE

The classical methods of gene introgression have the disadvantage of potential linkage drag (inclusion of unselected genes associated with a trait) and the time required for time-consuming backcrosses and simultaneous selection steps.  Cisgene micro-translocation is a single-step gene transfer without linkage drag. It might also be a means of stacking resistance genes in existing winegrape varieties.
Status of Funds: These funds are scheduled to be spent by the end of the grant.  

Intellectual Property:  The resistance genes identified in this research will be handled by PIPRA, UC Davis. 
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