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REPORT UPDATE (500 words; summarize your accomplishments )

We are investigating volatile organic compound (VOC) based detection diagnostics with two major citrus diseases: HLB
and CTV. We performed simultaneous biomarker extraction using cutting-edge analytical chemistry approaches with
off-gassed chemicals in field studies to evaluate disease detection based on these gaseous chemical species using a
portable differential mobility spectrometer (DMS) system. The main idea is to combine data of individual compounds to
develop an integrated panel of markers to obtain a more robust means of early detection for these diseases.

The CTV sampling was done at the Lincove Station, CA (summer 2010) and Pauma Valley, CA (Feb 2011). DMS
measurements of healthy, mild and severely CTV infected Valencia citrus was performed. In addition to the mobile VOC
analysis, we collected leaf samples from all three groups for later real time PCR gene expression analysis, (15 leafs per
tree, 6 trees per class, 3 class in total). We will analyze for genes that seem to be strong host biomarkers of early
infections. We also collected whole-leaf metabolite extracts that will be subjected GC-TOF/MS analysis to investigate the
secondary metabolism of host plant in response to CTV infection. Our initial results indicate a set of 18 VOC compounds
(with distinct chemical identifications) that appear associated with milder forms of the CTV disease. We found that
co-infection with stubborn also produced a distinct VOC metabolite profile, and we can still identify a clear “CTV” signal
even in the presence of the confounding co-infection factor. We have acquired additional VOC samples from severely
CTV infected group only, in order to investigate if the same volatiles are up-regulated in these phenotypically distinct trees.
Future work would include a return visit to Puma Valley to increase the number of DMS measurements, and a return visit
to Lindcove (if new infections are discovered). Additional sampling in other regions of CA will help to quantify how
geographical variation may (or may not) affect the detection of disease specific biomarkers.

We are also investigating VOC diagnostics for HLB detection. Prior to in-field sampling, we completed preliminary studies
including sample collection protocol optimization from greenhouse citrus on the UC Davis campus. The in-field testing was
carried out with collaborators at Lake Alfred, FL throughout this year (2010-2011) to account for weather and seasonal
(trees blossoming, fruit harvest, etc.) variations. Currently, 3 trips were made in November 2010, December 2010 and
January 2011. Sample collection was carried out in parallel using polymer-based absorption devices (SPME and Twister),
as well as two portable GC/DMS analysis units. Approximately, 80 samples were collected up to date using SPME, and
analyzed using GC/MS. Approximately 100 individual GC/DMS runs were recorded for the same pair-matched trees used
for the SPME sample collection. In addition, approximately 160 samples were taken using Twister devices (December
2010), and the GC/MS analysis of these samples is on-going. For all of the above experiments, trees of one varietal
(Hamlin) were included. Half of all samples were taken for HLB-infected and presumed healthy trees selected by scouts at
the CREC facility in Lake Alfred FL. A number of trees with symptoms varying from relatively mild to severe were
included in the study. For the next stage, we will include PCR-positive symptomatic trees, PCR-positive asymptomatic
trees and PCR-negative presumably asymptomatic trees. This will allow us to assess feasibility of the DMS-based
chemical sensing for early-stage asymptomatic disease detection. The collected data are being analyzed and a
mathematical model is currently being developed for the differentiation of HLB-sick and healthy trees based on our data.
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