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Expression of putative effectors of HLB in citrus
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Functional study of the putative effectors of ‘Candidatus Liberibacter asiaticus' using Citrus tristeza virus
vector
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REPORT UPDATE (500 words; summarize your accomplishments )

'‘Candidatus Liberibacter asiaticus' (CLas), the causal agent of citrus greening also known as Huanglongbing (HLB) is a
fastidious, Gram-negative, phloem-limited, alpha-proteobacterium, is one of the most destructive diseases of citrus
worldwide. Based on the sequence information number of putative effectors unique to HLB present in prophage related
gene clusters and/or pathogenicity islands have been identified and are believed to contain bacterial pathogenicity,
multiplication and virulence determinants. The present proposal envisages the expression of these putative effectors in the
phloem of citrus, the site of the pathogen's natural habitat, using citrus tristeza virus (CTV) vector. As outlined in our
progress report of January 2011, we have cloned number of putative effectors as additional cistrons between the two coat
proteins in the CTV vector under a heterologous, beet yellows virus (BYV) coat protein promoter and agro-inoculated
leaves of Nicotiana benthamiana. Partially purified virions of recombinant CTV containing HLB effectors from the infiltrated
leaves and /or the systemic leaves of N. benthamiana were used to inoculate citrus plants. Thus, we have inoculated
citrus with 7-8 HLB effectors and the remaining are at different stages of transfer to citrus. We have also cloned some of
the effectors into the 3' end of CTV between p23 ORF and the 3' non-translated region of CTV based on the recent finding
of augmented expression of an inserted foreign gene.

One of the important effectors or virulence factors is hemolysin, a 50 kDa protein secreted by type | secretion system. The
hypothesis is that the hemolysin might interfere with metal ion transportation leading to host metabolic imbalance
potentially resulting in disease symptoms. We have submitted an abstract entitled 'Functional studies of hemolysin
(exotoxin) of ‘Candidatus Liberibacter asiaticus’ expression in citrus using Citrus Tristeza Virus vector' to the 2011
American Phytopathological Society meeting.

Additionally, we are also using a much faster approach to screen for virulence genes of HLB. Potato virus x (PVX) vector
system has been used extensively to screen for virulence genes in herbaceous hosts and this system can be used much
faster to screen for virulence genes of HLB. We have noticed that in the genome of CLas, there is only one copy of
flagellin-encoding gene in contrast to four copies of them in Sinorhizobium meliloti. Transient expression of the
Las-flagellin using PVX expression vector induces an immunity response with cell death in Nicotiana benthamiana. The
flagellin consists of a 22 amino acids near N-terminus (-DRVSSGLRVSDAADNAAYWSIA-), sharing the conserved Flg22
domain. By comparison with the nonfunctional homologue from S. meliloti, three divergent amino acids were identified.
This suggests that these three amino acids may be required for Candidatus Liberibacter asiaticus flagellin to induce cell
death in tobacco plants. To test potential interaction between Candidatus Liberibacter asiaticus and citrus, 40 pM
commercial FIg22 (RP19986, GenScript) and FLg22-Las were infiltrated into young tissue of citrus, respectively, and was
observed to induce hypersensitive cell death in citrus leaves. An abstract entitled ‘Characterization of the host defense
response induced by the flagellin protein of Candidatus Liberibacter asiaticus' has been submitted detailing these findings
to the American Phytopathological Society conference to be held at Hawaii in August 2011. Thus we are making progress
in identifying the genes responsible for virulence of HLB and eventually developing strategies towards its control.
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