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REPORT UPDATE (500 words; summarize your accomplishments )

The objective of this project is 1) to complete the Las genome sequence and conduct comparative genomics studies on
the Liberibacter species; 2) to explore the potential role of the microbial community and genetic diversity of Las bacteria in
HLB development; 3) to confirm if Las bacteria are seed-transmissible and their role in HLB development.

A complete circular genome of Candidatus Liberibacter asiaticus (Las) was obtained using a metagenomics approach and
published in MPMI 22:1011-1020, 2009. In collaboration with Dr. Hong Lin at the USDA-ARS in Parlier, California, we
have obtained and published a complete genome sequence of Ca. L. solanacearum in PLoS ONE 6(4): €1913, 2011. All
BAC clones of Las were sequenced, and sequence analyses revealed a potential mechanism of genome reduction. Based
on the variations within the Las prophages, FP1 (CP001677.5) and FP2 (JF773396.1), twelve (A to H) different
populations (genotypes) have been identified. Type A and B are located in FP1 and FP2, respectively. Typing revealed A,
B and C as the three most abundant groups in libraries from psyllid, citrus and periwinkle, although psyllid contained much
more type A sequence than the plant hosts. Variations of Las populations existed not only in different varieties, but also in
different individuals of the same variety.

We have characterized the ATP translocase from Las and proved its function using a heterologous E. coli system (J.
Bacteriol. 192:834-840, 2010). We have also revealed only one of the two putative znu operons is responsible for zinc
uptake. The results were published in PLoS ONE 7(5): e37340. doi:10.1371/journal.pone.0037340,2012. In addition, we
have demonstrated Las encoded a functional flagellin characteristic of a Pathogen-Associated Molecular Patterns
(PAMP). The results were published in PLoS ONE 7(9): e46447. doi:10.1371/journal.pone.0046447, 2012.

Seed transmission of Las was tested in grapefruit, sweet orange, sour orange, lemon and trifoliate orange. A very low titer
of Las was detected from the embryos and seedlings using nested PCR and real-time PCR. Most, if not all the seedlings
did not show typical HLB symptoms and contained a relatively low Las bacterial titer for HLB, even in the three to four year
old seedlings. The results indicated that the seed-transmitted Las could not cause typical HLB disease by themselves,
which suggested "Detection of Las was NOT necessarily equal to the presence of "HLB disease" in plants." Psyllid
transmission study on the Las-positive seedlings was performed. High percentage of psyllids acquired Las bacterium but
did not have the same bacterial levels as those from HLB-affected citrus plants. However, it is first time that one seed
transmitted plant was confirmed by PCR using several Las-specific primer sets. Graft transmission of the cutting from this
HLB plant confirmed this seed-transmitted HLB.

Of the 50,000+ available operational taxonomic units (OTUs, "Species") on PhyloChip™ G3, 7,028 known OTUs were
present in citrus leaf midribs. These OTUs were from 58 phyla, and five, Proteobacteria (44.1%), Firmicutes (23.5%),
Actinobacteria (12.4%), Bacteroidetes (6.6%) and Cyanobacteria (3.2%), contained 100 or more OTUs. The results
illustrate that the low Las level was seen as a both a seasonal fluctuation, part of the bacterial population dynamics, and
as a response to the antibiotic treatments, The results are going to be published in BMC Microbiology.

Using Las-specific molecular markers, we are able to differentiate the Las populations with different pathogenicity, and
differentiate psyllid-transmissible and non-transmissble populations.
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