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DMS Biomarkers distinguish HLB and CTV infected trees
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A generalized reagentless sensor to detect citrus plant and fruit responses
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REPORT UPDATE (500 words; summarize your accomplishments )

With GC/DMS, SPME GC/MS, and Twister GC/TOFMS, we are carrying out a year-long (2010-2011) sampling plan for the
HLB study with collaborators at Lake Alfred, FL to account for weather and seasonal (trees blossoming, fruit harvest, etc.)
variations, with four trips having been made in 11/2010, 12/2010, 01/2011 and 02-03/2011. For a CTV study, using the
same instruments, we have collected 5 batches of the samples in Lincove and Pauma Valley CA and the USDA facility in
Beltsville, MD. Meanwhile, we have also carried out an analysis of PCR positive sweet orange infected with CVC strains
9a5c and 104 also at the USDA facility in Beltsville, MD. Data obtained from all of these studies was subjected to a variety
of data mining and signal processing methods to define the accuracy of disease incidence predictions: (1) Student’s t-test
selected separable pixels (signals) of the HLB DMS data, we obtained a diagnosis accuracy of 71% with a PLS model; (2)
Applying wavelet transformation to the HLB DMS data, we increased the HLB diagnosis accuracy up to 82% and more
interestingly the signal within the first 3 minutes yielded an equally good result to the whole time domain; (3) Similarly, by
applying a PLS model to the wavelet coefficients of the CTV DMS data, the cross-validation accuracies are 81% for
Healthy vs. severe-CTV, 74% for Healthy vs. mild-CTV and 80% for severe-CTV vs. mild CTV; (4) By developing a 3-class
classification model for the wavelet coefficients of the CVC DMS data, we systematically generated the following
accuracies: 86% for healthy, 46% for mild-CVC, and 97% for severe-CVC. To identify biomarkers associated with specific
diseases, our typical results include: (1) For HLB Twister GC/TOFMS data, we detected 62 potential biomarker and
obtained a diagnosis accuracy of 94% for HLB using a 4 latent variables based PLS model; and (2) By developing a
genetic algorithm oriented searching process which was coupled with a classification model to evaluate the fitness of the
selected biomarkers, we not only reduced the number of pertinent biomarkers from 62 to 14 but also increased the
diagnosis up to 98%; (3) Based on the HLB SPME GC/MS data, we located 9 potential biomarkers for HLB diagnosis and
obtained a diagnosis accuracy of 83%; (4) Based on the CTV Twister GC/TOFMS data, we detected 41 potential
biomarker for CTV diagnosis with a diagnosis accuracy of 86%. After narrowing the potential biomarker set down to 31
biomarkers, we generated an accuracy of 85% for a more complex separation between healthy and two CTV related
categories: CTV and CTV + “stubborn”, indicating the robustness of the selected biomarkers. We are also analyzing gene
expression data on HLB and CTV infected plants and found gene based biomarkers focusing on sugar metabolism and
soucrce-sink mediated gene regulation.

Overall, the results of citrus disease diagnosis and biomarker detection are promising. With more samples to be collected
and analyzed and the exploration on machine learning strategies, we are expecting a robust diagnosis model and a set of
pertinent biomarkers for each citrus disease in this study.
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