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	Title: Identification of metabolite changes in citrus leaves induced by citrus Huanglongbing (greening) disease. A first step towards developing a rapid and inexpensive assay for early detection of the disease.
	Investigator: José I. Reyes-De-Corcuera
	Email: jireyes@crec.ifas.ufl.edu
	Phone: 863-956-1151 x 1344
	Organization: University of Florida - CREC
	Date: 09/29/2008
	Contract: 00068723
	Duration: 2
	Year: 1
	Funds: 33150
	Report: The main objective of this research is to develop a rapid, reliable, and inexpensive method for in-field detection of HLB by biomarker selection. 
The objective of the first year was to compare the metabolite profile of healthy and HLB infected orange trees to determine consistent and significant differences in compounds that can be used as HLB biomarkers.
An infection scale based on the appearance of infected orange leaves was developed to relate the intensity of the symptoms with that of the metabolites.
Metabolomics techniques consisting of extraction, separation, detection, identification, and data classification were developed to maximize the number and amount of metabolites detected. Metabolite separation and detection based on capillary zone electrophoresis coupled to photodiode array (CZE-PDA), HPLC-MS, and GC-MS were developed.
PCR-confirmed samples of healthy and HLB-infected ‘Valencia’ leaves were taken monthly and analyzed under optimized extraction, separation, and detection conditions. Data were aligned and normalized. ANOVA and Principal Component Analysis revealed the metabolites that can be selected as HLB biomarkes.
CZE-PDA analysis showed six potential biomarkers out of which three were identified by mobility and UV spectra as naringenin, quercetin, and hesperidin. 
GC-MS analysis identified inositol derivatives, sugar alcohols such as arabitol and ribitol, aminoacids such as proline and alanine, and dicarboxylic acids such as propanedioic acid as additional potential biomarkers. 
HPLC-MS analysis revealed approximately 190 compounds as potential biomarkers and tandem MS was tested as an alternative for identification of these compounds. However, the lack of HPLC-MS, and MS-MS plant metabolite databases has slowed down the identification process. Tentative identification of malonic acid, synephrine, quercetin, tangeritin, hesperidin, nobiletin, and didymin was achieved by comparison of retention time and MS spectra in the HPLC-MS chromatograms to those of pure standards.
Hesperidin, proline, alanine, and dicarboxylic acids were also previously reported with other stress conditions and plant types. Therefore, metabolite analysis of leaves under girdling, water drought, zinc deficiency, and citrus tristeza infection will be important to determine the specificity of the detected HLB biomarkers, as suggested in the second proposal recnetly submitted.
Furthermore, the concentration of all the potential biomarkers was found to be dependent on the intensity and stage of the disease. Therefore a time interval analysis of healthy and HLB-inoculated trees to characterize the metabolites changing at each stage of the disease will be important for the selection of adequate metabolite for HLB early detection. Results will be statistically analyzed to select the most adequate biomarkers to be used for the development of a chemical assay for HLB detection.  
- Cevallos-Cevallos, J.M., Etxeberria, E., Rouseff, R.L., Reyes-De-Corcuera, J.R. (2008) Metabolite profiling of healthy and Huanglongbing-infected citrus leaves. TFSHS (submitted for publication)
- Cevallos-Cevallos, J.M., Rouseff, R.L., Reyes-De-Corcuera, J.R. (2008) Untargeted metabolite analysis of healthy and Huanglongbing infected orange leaves by CE-PDA. Electrophoresis (submitted for publication)



