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	HEADLINE: Analyze defense phenotypes of Arabidopsis expressing citrus SA regulators
	TITLE: Manipulating SA-mediated defense signaling to stimulate broad-spectrum resistance to HLB and other diseases in citrus
	PI: Hua Lu
	ABSTRACT: Salicylic acid (SA) is the key defense signaling molecule in plants. Increases in SA levels and/signaling lead to enhanced disease resistance against viral, bacterial, and fungal pathogens in many plants. In order to introduce broad resistance in citrus against HLB, citrus canker, and other diseases, we proposed in this study to identify SA-related genes in citrus and manipulate the expression of these genes genetically to elevate SA levels and/or signaling in citrus. Towards this goal, we have three specific objectives in the proposal and have made the following progress with the first-year funding. We believe that this progress has met the expectations in our proposal. 
Objective 1: Identify genes positively regulating SA-mediated defense in citrus Bioinformatics analysis of the HarvEST:Citrus database and citrus genome database available in the Joint Genome Institute revealed that citrus and the model plant Arabidopsis share significant similarity in their genomic sequences. Thus, most SA regulators that have been characterized in Arabidopsis also exist in citrus. The availability of EST and genome sequences of citrus genes makes it easy for us to clone citrus SA homologs. So far using the RT-PCR approach, we have obtained full-length cDNA sequences for four citrus SA genes, ctNPR1, ctEDS5, ctNDR1 and ctPAD4. We are also in the middle of cloning another four citrus SA genes, ctEDS1, ctSID2, ctALD1, and ctWIN3. Homologs of these SA genes are known to play critical roles in Arabidopsis defense.  
To provide a more detailed analysis of expression of citrus SA regulators, we collected citrus tissues infected with Ca. L. asiaticus at several time points for RNA extraction. Quantitative RT-PCR will be performed to study expression of these citrus SA genes and other important defense genes in citrus afflicted with the HLB disease. 
Objectives 2: Complement Arabidopsis SA mutants with corresponding citrus homologues We cloned ctNPR1, ctEDS5, ctNDR1 and ctPAD4 to the binary vector pBINplus/ARS and transformed corresponding Arabidopsis mutants and wild type with each of these constructs. We are in the process of selecting T1 Arabidopsis transformants expressing citrus SA homologs and testing some T2 transgenic plants for disease resistance. So far, preliminary data obtained from Arabidopsis expressing ctNDR1 are promising. The Arabidopsis ndr1-1 mutant was previously shown to lack a hypersensitive response and have enhanced disease susceptibility with infection of the Pseudomonas syringae avrRpt2 strain. Overexpressing ctNDR1 in the ndr1-1 mutant rescued these phenotypes conferred by ndr1-1, suggesting that Arabidopsis produces a functional ctNDR1. 
Summary for other constructs: Plants expressing CtNPR1/pBINplusARS did not show a drastic change of disease resistance with P. syringae infection. We will isolate homozygous lines and plant them side by side with WT and the npr1-1 mutant for a resistance test in the next generation. For plants expressing ctPAD4/pBINplusARS, we obtained T2 seeds and will infect the T2 plants soon with P. syringae. For the ctEDS5/pBINplusARS construct, we were unable to obtain any transgenic lines. This is possibly due to the toxicity of overexpressing ctEDS5 and/or the failure of transformation. We will repeat the transformation process to rule out the latter possibility.
Objectives 3: Assess the roles of SA regulators in controlling disease resistance in Citrus Plants of the citrus rootstock US-812 have been transformed with  ctNPR1/pBINplusARS and are being grown in the greenhouse in Ft. Pierce in preparation for testing with HLB and citrus canker.  The construct ctNDR1/pBINplusARS is in the pipeline for citrus transformation in the next two months, and transgenic citrus plants generated will also be tested with the HLB disease later in the year.
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