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	Title: A Generalized Reagentless Sensor to Detect Citrus Plant and Fruit Responses
	Investigator: Abhaya M. Dandekar
	Email: amdandekar@ucdavis.edu
	Phone: 530-752-7784
	Organization: University of California, Davis
	Date: 01/13/09
	Contract: 13835
	Duration: 3
	Year: 2009
	Funds: 120000
	Report: The major goal of this research is to develop platform technologies to aid rapid, early disease detection. One of the technologies is an electronic sensor a Differential Mobility Spectrometer (DMS) to detect disease- or pest-specific induced volatile organic chemical (IVOC) biomarkers the other is a field-adaptable passive device, the Twister, which can be used to profile IVOCs in the orchard and to identify disease biomarkers using a specifically developed IVOC database. We are currently optimizing the operating conditions of the DMS for detection of citrus leaf volatiles to distinguish different sweet orange cultivars and leaf development stages. Chemometric analyses of IVOC spectra are being conducted to discover statistically robust biomarkers for different citrus genotypes that are needed to distinguish the same genotypes at different disease states. GC/DMS data are complicated due to high data dimensionality of the sensor output. We have adapted several advanced data mining methods to overcome signal noise and to obtain robust/accurate analysis.  We are currently investigating the use of wavelet analysis to facilitate signal processing to enable real-time field detection, while applying current methods to a variety of real plant metabolite samples (including canker).  Currently the DMS sensor systems are being refined using greenhouse and field samples using the most basic method of placing samples into glass vials and testing headspace air for emitted IVOC compounds.
The second ‘Twister’ platform is being used for the development of a database containing IVOCs from healthy and infected citrus plants to validate diagnostic features analyzed by DMS systems and to integrate knowledge into a broader understanding of citrus responses to specific pathogens. The ‘Twister’ is a sorbent material easily transported and deployed in the field to capture IVOCs which are then analyzed on a specific gas chromatography time-of-flight mass spectrometer (Alex/TDU-GC-TOF-MS). Robust methods have been developed for the trapping and detection of IVOCs and for the introduction of a mixture of internal retention index (RI) markers. The RI mixture contains fatty acid methyl esters (FAMEs) to facilitate automated annotation and database construction. Construction of a BinBase volatile compound database is currently underway with the goal of identifying potentially subtle differences that signal the onset of disease or plant stress which requires the development of consistent, automated and coherent data processing tools. To aid in volatile compound assignments and to greatly accelerate library establishment, we have purchased a library containing spectra for over 2,000 purified plant volatile compounds and essential oils. The Twister has been tested with detached leaves where it can detect wound induced volatiles in a headspace with short exposures of 5 mins. Preliminary tests were conducted in the field in a citrus orchard in San Diego county to explore the ability to detect differences in the field between fresh leafy growth (‘young leaves’) and older, established growth (‘mature leaves’). A total of 18 points were monitored in the experiment, with an exposure time of 90 minutes: six Twisters were placed in foliage with fresh growth, six Twisters were positioned in foliage with mature growth, and 6 Twisters were placed at a control point outside which was not located within foliage.  GC-TOF-MS analysis followed by BinBase data annotation yielded a total of 220 database entries, or bins. Of the 220 bins identified, 20 showed significant differences between the young and mature leaves at the 95% confidence level. Because the library functionality has not yet been connected to BinBase, compounds were assigned numbers only.  Identities will be established as the library work progresses.




