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Project Title  Engineering antibacterial compounds into citrus
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REPORT UPDATE (650 words)

We built a transient-expression vector based on Citrus tristeza virus (CTV) that provides systemic expression of foreign genes in
citrus. As we developed the CTV-based vector, we began screening different antibacterial peptides for management of citrus canker in a
collaboration with Jim Graham. We found that two of the ten peptides screened effectively reduced canker development.

As soon as we received Select Agent clearance, we began screening the first set of 30 peptide constructs against citrus greening. We
observed inhibition by two peptides in the first set of experiments. However, without any experience with HLB in citrus, we did the first
screens in Citrus macrophylla, which was a poor choice because Citrus macrophylla is tolerant to HLB, with relatively mild and sporadic
symptoms, making the assay rely mainly on real-time PCR assays instead of symptoms severity. We are now doing screens in sweet
orange, which allows a high titer of the vector and is very sensitive to Las; it usually develops strong symptoms upon HLB infection. We
are planning to construct and screen about 100 more peptides until we or other labs find some that are effective. At that time, we will
consider the need to mutate peptides or examine chimeric or designed peptides to find ones that are more acceptable for commercial use.

Our first objective was to find effective antibacterial peptides. Our second objective is to find quicker methods to apply the peptides in
the field. The most effective method for applying an antibacterial peptide in citrus trees would be from a transgene. However, the
horticultural evaluation of transgenic citrus trees for use as budwood for thousands of acres of trees takes years. Even with mature
transformation to avoid most juvenile characteristics, it is likely to be more than 10-15 years after a good gene is found before adequate
numbers of new nursery trees would be ready to go into the field. The Florida citrus industry may not be able to wait that long.

The CTV-based vector is being developed as an interim measure to protect citrus trees. It has continually expressed foreign genes in
citrus for six years so far. 27 of 30 citrus trees that have been infected with the vector for 4-6 years still contain the intact foreign gene.
Based on this observation our guess is that very high percentage of the trees would retain the peptide for ten years or more.

Advantages developed into the CTV vector compared to transgenic citrus trees:

1. The major advantage is time. The vector containing the peptide could be put into nursery trees with commercial budwood and trees
would be grown by pre-HLB methods. The time limitation is finding effective proteins or peptides and FDA/EPA approvals.

2. The vector containing the peptide could be graft inoculated to existing trees in the field.

3. The vector containing the peptide does not require transformation technology for different varieties. The vector can be graft
transmitted to most commercial varieties.

4. With an effective peptide, it is possible that the vector containing the peptide could be used to cure HLB infected trees. The vector
containing the peptide could be graft inoculated into already infected trees. However, we emphasize that this experiment has not been
done yet.

5. We are screening antibacterial peptides as quickly as we can. However, a great potential of this technology is that it does not rely on
our ability to identify an antibacterial peptide. The vector can express any effective protein or peptide found by any other laboratory.

In the last 4 months, we have gotten 10 new peptides into plants for screening against HLB and we have built an additional 30
antibacterial peptides into constructs that are in the process of being passaged and amplified for infection of citrus trees for testing. We
also have an application to do field tests of peptides that have activity against citrus greening in the greenhouse.
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