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	HEADLINE: Analysis and expansion of stable canker resistance
	TITLE: Genetic Resistance to Citrus Canker Conferred by the Pepper Bs3 Gene
	DATE: 5/30/12
	SPONSOR: [Citrus Research and Development Foundation]
	CATEGORY: [Transgenic/Metagenomic Mediation of Resistance]
	ABSTRACT: Over the past year, our research has focused on the following areas:

(i) Isolation and sequencing of TAL effectors from additional citrus canker strains
Sequencing of TALE genes is especially difficult due to the presence of between14 and 20 repeats of the highly sequence-related DNA binding domain.  However with considerable effort, we have now determined the sequences of eight proteins from five novel strains: A44 (Argentina), Etrog (Florida), 2090 (Florida), Miami (Florida), and 93 (Brazil), with four more protein sequences nearing completion.  Although these strains show variation in phenotype or host range, our engineered promoter constructs containing 14 TALE recognition sites conferred recognition to TALEs in four of the strains, with the fifth pending analysis.  These results further support our aim of engineering a resistance construct that will be triggered by a broad range of canker strains. Differences do occur in some of the sequences, and we plan to investigate how these differences may influence the behavior of strains in various assays.

(ii)  Production and testing of stable transgenic citrus lines:
As of the end of this year, we have transformed a total of 21,504, 747, and 173 explants of ‘Duncan’ grapefruit, ‘Ruby Red’ grapefruit, and sweet orange cultivars, respectively, and have 446 plants in 4 inch pots.  We have tested epicotyl and cotyledon explant material and find that epicotyls are the most efficient material for use with grapefruit, whereas cotyledons appear to work best for sweet orange.  The Ruby Red cultivar is the most difficult to work with, because of the difficulty in sourcing seed.  Each transformant is grown through shooting, rooting and transfer to soil, and then it is analyzed by PCR for each of the construct components - promoter, gene and selectable marker.  Plants are further tested by pathogen inoculation.  All stable and transient transformations were made with eight distinct gene constructs and a negative control.  Overall, we find the broadest and best induction using the 14 box promoter, relative to other promoter versions.  We have tested three HR-inducing genes - the Bs3 gene from pepper, and the AvrGf1 and 2 genes from  
Xanthomonas  We have not observed activity of Bs3 in citrus to date.  AvrGf1 has worked well in transient assays, but we have not yet analyzed enough stable lines to identify reproducible disease resistance.  We continue to test lines as they mature, and AvrGf2 lines will also be tested when they become available.

(iii) A third gene option for conferring resistance
The type 3 effector AvrGf2, identified from X. fuscans subsp aurantifolii strain C, is being tested as another resistance gene option because it has been observed to cause a more robust HR on grapefruit than AvrGf1.  The coding sequence was fused with the Bs3- PIP14 box promoter and used in transient and stable transformation assays.  In transient assays, the avrGf2 construct did confer a robust HR within 3 days as compared to 4 days using AvrGf1.  Stable transformation experiments involving epicotyls of ‘Duncan’ grapefruit, ‘Ruby Red’ grapefruit, and sweet orange segments, had 42, 16 and 32 plants transferred to rooting media, respectively.  More transformants are in the pipeline, and all will be subject to molecular characterization and testing.
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