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Genomic sequencing to closure of a curated Florida citrus greening strain of Candidatus Liberibacter
asiaticus
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REPORT UPDATE (500 words; summarize your accomplishments )

The recently published Ca. Liberibacter asiaticus (Las) strain psy62 genome, derived from a psyllid, revealed a
prophage-like region of DNA in the genome, but phage have not been associated with Las to date. In the present study,
shotgun sequencing and a fosmid DNA library of curated Las strain UF506, originally derived from citrus symptomatic for
HLB, revealed two largely homologous, circular phage genomes, SC1 and SC2. SC2 encoded putative adhesin and
peroxidase genes that had not previously been identified in Las and which may be involved in lysogenic conversion. SC2
also appeared to lack lytic cycle genes and replicated as a prophage excision plasmid, in addition to being found
integrated in tandem with SC1 in the UF506 chromosome. By contrast, SC1 carried suspected lytic cycle genes and was
found in nonintegrated, lytic cycle forms only in planta. Phage particles associated with Las were found in the phloem of
infected periwinkles by transmission electron microscopy. The average phage head size was ~21.30 nm and the average
neck length was ~ 5.03 nm; based on the relatively short neck length, the observed phage particles belong to the
Podoviridae. In psyllids, both SC1 and SC2 were found only as prophage.

Similar phage DNA sequences (corresponding to both SC1 and SC2 and including putative lysogenic conversion
genes) were found in Ca. L. americanus (Lam) strain “S&o Paulo” isolated from infected citrus in Brazil in collaboration
with Dr. Nelson Wulff at Fundecitrus. This Lam genome is about one year from completion. It currently has a total of
1,203,790 bps on 355 contigs, with the avg. length of the contigs at 3,390 bps.

In planta, including citrus, both SC1 and SC2 can enter a phage-programmed cell death cycle called the lytic replication
cycle. Once the lytic cycle is engaged, cell lysis is assured by a variety of SC1-encoded genes. Surprisingly, a potential
colicin IA and potential cognate colicin immunity protein were identified on SC1 and SC2, respectively. Colicins are
anti-bacterial proteins that kill any competitor cells lacking the colicin immunity protein. The fact that the SC2 replicon
carries a putative immunity protein would render Las cells with SC2 resistant to any colicins produced by SC1, and also
would prioritize SC2 preservation in a given Las strain. Assuming infectious capability of both phages, SC2 might infect a
Liberibacter strain and confer a selective advantage by virtue of its lysogenic conversion genes (confering major
pathogenic advantages), while SC1, by itself, is predicted to be lethal to any strain it can infect (unless it was previously or
simultaneously infected with SC2). The hypothesized lethality of SC1 would confer a selective advantage to strains that
shed infectious SC1 particles by virtue of its colicin gene alone, which could eliminate potential competition by similar
bacteria in the phloem cell or in the psyllid alimentary canal. This mechanism might also ensure essentially monoculture
infections of citrus by only a single Las strain (with SC1 and SC2) at a given time. Over time in a grove setting, this could
lead to survival of only the fittest of multiple Liberibacter strains in a case of competition by two or more populations. In
Brazil, Lam used to be the predominant form of predominant form of Liberibacter causing HLB, but has been replaced by
Las as the predominant species. It is possible that the Las colicin kills Lam. Further investigation of Liberibacter colicins
and activation of the phage lytic cycle seems warranted as potential control strategies for Liberibacters generally.
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