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REPORT UPDATE (500 words; summarize your accomplishments )

The overall goal of this project is to characterize the virulence mechanisms of Candidatus Liberibacter asiaticus, the citrus
Huanglongbing (HLB) pathogen, thus to come up with new management strategies by genome sequencing and functional
genomics approaches. The original goal of the proposed research is to further complete the genome sequencing of
Candidatus Liberibacter asiaticus, for which a draft sequence is available. The goal was modified to meet the current
progress in genome sequencing of Ca. L. asiaticus with the advice and permission from FCPRAC. The tile has been
changed to the following to better suit the goal: Understand the virulence mechanism of Ca. L. asiaticus by genome
sequencing and functional genomics approaches.

Major achievements:

To understand how Ca. L. asiaticus make a living including nutrients acquisition and overcoming of plant defense in citrus,
we first analyzed its metabolic capability and nutrient requirement by conducting curated metabolic reconstruction. Some
novel insights were acquired regarding its respiration, amino acids synthesis, Co-factors and nutrient transportation. Our
data indicated that Ca. L. asiaticus could rely only on aerobic respiration rather than on anaerobic respiration as reported
previously (Duan et al. 2010). Ca. L. asiaticus could not synthesize 12 amino acids and needs external folate, quinines,
biotin, thiamine, pantothenate, and pyridoxine for its growth.

In addition, genome comparison of Ca. L. asiaticus against Mycoplasma genitalium, one of the smallest bacterial
genomes, has identified more than 200 homologs. Those shared genes might be close to the minimal set required for
viability of bacteria and good candidates for screening antimicrobial small molecules. Several potential targets including
SecA are being used to screen potential antimicrobial small molecules to control HLB.

In order to identify the potential virulence genes, real-time quantitative PCR assays using total RNA isolated from infected
plants and psyllids, were conducted to test the expression profile of Ca. L. asiaticus. Gene specific primers were used to
check the expression of more than 500 genes in Ca. L. asiaticus. The genes showing a differential expression of two fold
or more in either the plant or psyllid were selected, and categorized into COG (Clusters of Orthologous Groups of proteins)
functional categories. Selected genes that were overexpressed in planta were further studied by expression or screened
on Nicotiana benthamiana plants for symptom expression, using transient assays. Totally 28 potential virulence genes
were cloned into TMV30bGFP viral vector for transient expression on Nicotiana benthamiana plants. Out of the 28 genes
cloned, 13 were successfully assayed on tobacco plants for symptom expression. Three out of the 13 showed interesting
symptoms, and hence were selected for further characterization. The following symptoms were observed: LasAl showed
vein clearing after about a week after inoculation, and subsequent wilting and death of the whole plant within 2-3 weeks.
LasA2 showed phyllody, stunting and very clear growth defects. The symptoms were significantly different from the
infection using the empty vector (TMV 30BGFP). The expression of the genes in planta were confirmed using RT-PCR.
Further study is under way to further understand the roles of those two potential virulence factors.
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