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REPORT UPDATE (500 words; summarize your accomplishments )

The multilocus simple sequence repeat (SSR) marker system effectively detects and differentiates ‘Candidatus
Liberibacter asiaticus’ strains from various geographic and environmental locations worldwide. This genotyping system
has improved resolution capabilities in fingerprinting genetically close ‘Ca. L. asiaticus’s strains. HLB-associated ‘Ca. L.
asiaticus’ strains vary in pathogenicity. Various types and severities of HLB symptom were observed both in field and
greenhouse grown citrus plants. Some of these strains cause only mild symptom while others show more severe
symptom. These differences were found even within the same variety of citrus plants, suggesting that the genetic
variations of the pathogen could play important roles in these host-pathogen interactions. The objective of this study is to
extend from DNA-based genotyping to functional phenotyping. The goal of this research is to develop a gene-based
marker system that links to phenotypes of ‘Ca. L. asiaticus’s strains. In silico genome analyses revealed that ‘Ca. L.
asiaticus’ contained a number of genes associated with pathogenicity. Some of these genes seem to be of phage origin,
suggesting that the bacterium has been actively involved in multiple phage integration events via the horizontal gene
transfer. We have identified the SSR loci in this bacterial genome. Some of SSR loci were located in prophage gene
sequence regions. Given the fact that the Las has a significantly reduced genome (1.2 Mbp), many of these repetitive
regions located within or near coding or regulatory regions could have profound effects on gene expression and function. It
has been reported that the repeat number variation in SSR seems to be intimately related to modulation of the expression
of virulent factors. Based on the repetitive regions in Las genome, we identified pathogenic genes that are located in or
near these regions. These pathogenic genes were classified into four groups based their putative functions: 1)
Phage-derived genes which are often involved in pathogenesis through their transfer of genes and/or genetic
rearrangement. 2) Genes defined as two component response regulators. This group of genes is important for sensing
environmental signals and producing a transcriptional response from those signals. 3) Genes identified with hydrolase
activity. One of the interesting genes in this group is salicylic acid hydrolase which could play an important role in
hydrolysis of salicylic acid, a signaling molecule expressed in host in defense responses pathogen attack. However, to
confirm its hydrolase function, the substrate for this gene-coded enzyme needs to be determined. 4) Zinc binding proteins,
znuABC genes identified as putative high-affinity zinc uptake system that belongs to the ATP-binding component of ABC
transporter protein. Zn uptake system ZnuABC is required for obligate bacterial zinc homeostasis in intracellular
environments which contributes to the virulence of Las in citrus plants. Twenty primer pairs were designed that flank on
the upstream and downstream of ORF to produce a full length for each gene. Ten HLB-affected samples representing
virulent and weak virulent strains of ‘Ca. L. asiaticus’s were selected and amplified during this period of study. Research is
in the process of conducting sequence association analyses to determine the linkage disequilibrium of the gene-based
markers associated with the virulent traits of Las strains.
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