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1) Assessed use of isolated leaf inoculation, and small plant destructive sampling: Isolated leaf inoculations do not readily
distinguish between resistant and susceptible citrus selections, but may prove useful in identifying nearly immune material.
Small plant destructive inoculation assays now permit us to distinguish between susceptible Valencia and resistant
Carrizo after 12 weeks. This assay seems to be an efficient way to test transgenics that are expected to kill CLas.
Recently we have had delays due to failures in ACP-inoculation and have reinitiated several challenges.

2) Data collection continues on transgenics. Transgenic plants expressing a modified thionin are promising for HLB
resistance and they have been extensively propagated for testing in the greenhouse and the field. Rooted cutting of 167
Carrizo plants were obtained. A subset of 67 plants representing 13 independent events and wild types (4-5 replicates
each) were inoculated by ACP infestation. All of the plants except 2 were confirmed CLas positive after a 2-week ACP
exposure, and the titer between wild type and transgenic groups are similar at two weeks. The plants are maintained in the
greenhouse for tests at 3, 9 and 12 months after inoculation. Transgenics expressing AMP D2A21 suppressed canker but
not HLB with manuscript accepted for publication. Transgenics expressing Luxl from Agrobacterium, and an array of ScFv
transgenics (more in 5 below) have also been propagated for testing.

3) Two new chimeral peptides (citrus only genes) have been used to produce many Carrizo plants and shoots of Hamlin,
Valencia and Ray Ruby. A group of 100 Carrizo plants were obtained as rooted cuttings and will be used for HLB testing.
4) A Las protein p235 with a nuclear-localization sequence has been identified and studied. Carrizo transformed with this
gene displays leaf yellowing similar to that seen in HLB-affected trees. Gene expression levels, determined by RT-qPCR,
correlated with HLB-like symptoms. P235 translational fusion with GFP shows the gene product targets citrus chloroplasts.
Transcription data were obtained by RNA-Seq showing significant alteration in the transgenics. Publication submitted.

5) Antibodies (ScFv) to the Las invA and TolC genes, and constructs to overproduce them, were created by John Hartung
under an earlier CRDF project. We have putative transgenic Carrizo reflecting 69 events from 7 ScFv with verified
transgenics ready for testing. These have been replicated by rooting and will be exposed to no-choice CLas+ ACP
followed by whole plant destructive assays.

6) To explore broad spectrum resistance, a flagellin receptor gene FLS2 from tobacco was used to transform citrus. Trees
expressing NbFLS2 showed significant canker resistance to spray inoculation. Paper is published. In-silico analyses are
being conducted to develop citrus FLS2 optimized for sensing CLas flagellin.

7) Arabidopsis DMR6 (downy mildew resistance 6)-like genes were downregulated in more tolerant ‘Jackson’ compared
to susceptible ‘Marsh ' grapefruit. DMRG6 acts as a suppressor of plant immunity and it is upregulated during pathogen
infection. In a gene expression survey of DMR6 orthologs in ‘Hamlin’, ‘Clementine’, ‘Carrizo’, rough lemon, sour orange
and citron, expression levels were significantly higher in all CLas-infected trees compared with healthy trees in each citrus
genotype. We developed 2 RNA silencing (hairpinRNA) constructs aimed to silencing citrus DMR6 and DLO1 respectively.
Citrus DMR6 is silenced in hairpin transgenic plants and with an average silencing efficiency of 41.4%. DMR6 silenced
Carrizo plants (28 independent so far) exhibit moderate to strong activation of plant defense response genes.
Determination of silencing efficiency of DLO1 in transgenic plants (20 plants so gar) are ongoing. Comparison of reactive
oxygen species in transgenic and nontransgenic plants treated with CLas-flg22 are underway, to determine if there is an
enhancement of the broad-spectrum PAMP-triggered immunity . With targeted gene expression data, we will propagate
selected plants based on the above-mentioned tests for HLB inoculations purpose.
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	ABSTRACT: 1) Assessed use of isolated leaf inoculation, and small plant destructive sampling:  Isolated leaf inoculations do not readily distinguish between resistant and susceptible citrus selections, but may prove useful in identifying nearly immune material.  Small plant destructive inoculation assays now permit us to distinguish between susceptible Valencia and  resistant Carrizo after 12 weeks. This assay seems to be an efficient way to test transgenics that are expected to kill CLas.  Recently we have had delays due to failures in ACP-inoculation and have reinitiated several challenges. 
2) Data collection continues on transgenics.  Transgenic plants expressing a modified thionin are promising for HLB resistance and they have been extensively propagated for testing in the greenhouse and the field. Rooted cutting of 167 Carrizo plants were obtained. A subset of 67 plants representing 13 independent events and wild types (4-5 replicates each) were inoculated by ACP infestation. All of the plants except 2 were confirmed CLas positive after a 2-week ACP exposure, and the titer between wild type and transgenic groups are similar at two weeks. The plants are maintained in the greenhouse for tests at 3, 9 and 12 months after inoculation. Transgenics expressing AMP D2A21 suppressed canker but not HLB with manuscript accepted for publication. Transgenics expressing LuxI from Agrobacterium, and an array of ScFv transgenics (more in 5 below) have also been propagated for testing.
3) Two new chimeral peptides (citrus only genes) have been used to produce many Carrizo plants and shoots of Hamlin, Valencia and Ray Ruby. A group of 100 Carrizo plants were obtained as rooted cuttings and will be used for HLB testing.
4) A Las protein p235 with a nuclear-localization sequence has been identified and studied. Carrizo transformed with this gene displays leaf yellowing similar to that seen in HLB-affected trees. Gene expression levels, determined by RT-qPCR, correlated with HLB-like symptoms. P235 translational fusion with GFP shows the gene product targets citrus chloroplasts. Transcription data were obtained by RNA-Seq showing significant alteration in the transgenics.  Publication submitted. 
5) Antibodies (ScFv) to the Las invA and TolC genes, and constructs to overproduce them, were created by John Hartung under an earlier CRDF project.  We have putative transgenic Carrizo reflecting  69 events from 7 ScFv with verified transgenics ready for testing.  These have been replicated by rooting and will be exposed to no-choice CLas+ ACP followed by whole plant destructive assays.
6) To explore broad spectrum resistance, a flagellin receptor gene FLS2 from tobacco was used to transform citrus. Trees expressing NbFLS2 showed significant canker resistance to spray inoculation.  Paper is published.  In-silico analyses are being conducted to develop citrus FLS2 optimized for sensing CLas flagellin.
7) Arabidopsis DMR6 (downy mildew resistance 6)-like genes were downregulated in more tolerant ‘Jackson’  compared to susceptible  ‘Marsh ’ grapefruit.  DMR6 acts as a suppressor of plant immunity and  it is upregulated during pathogen infection. In a gene expression survey of DMR6 orthologs in ‘Hamlin’, ‘Clementine’, ‘Carrizo’, rough lemon, sour orange and citron, expression levels were significantly higher in all CLas-infected trees compared with healthy trees in each citrus genotype. We developed 2 RNA silencing (hairpinRNA) constructs aimed to silencing citrus DMR6 and DLO1 respectively. Citrus DMR6 is silenced in hairpin transgenic plants and with an average silencing efficiency of 41.4%. DMR6 silenced Carrizo plants (28 independent so far) exhibit moderate to strong activation of plant defense response genes. Determination of silencing efficiency of DLO1 in transgenic plants (20 plants so gar) are ongoing. Comparison of reactive oxygen species in transgenic and nontransgenic  plants treated with CLas-flg22 are underway, to determine if there is an enhancement of the broad-spectrum PAMP-triggered immunity . With targeted gene expression data, we will propagate selected plants based on the above-mentioned tests for HLB inoculations purpose. 
8) Optimizing use of a SCAmpP (small circular amphipathatic peptide) platform, was conducted in collaboration with Dr. Belknap and Dr. Thomson of the Western Regional Research Center of USDA/ARS.  SCAmpPs were recently identified and have tissue specific expression, including having the most abundant transcript in citrus phloem.  Furthermore, members of the SCAmpP family have highly conserved gene architecture but vary markedly in the ultimate gene product.  Variants of a tissue-specific SCAmpP were tested using GUS as a reporter gene: removal of the conserved intron reduced tissue specificity and deletion of non-transcribed 5’ region reduced expression.  Excellent phloem-specific expression is achieved in citrus when a target gene is substituted for the gene encoding the SCAmpP peptide. Expression of a GUS marker gene was 500 x higher in midribs vs. laminar area. We are using this promoter aggressively in transgenic work
9) Third generation chimeral peptides were designed based on citrus thionins and citrus lipid binding proteins and plants have been transformed.  Carrizo transformation of two constructs was completed and regenerated many seedlings. expression.  A total of 43 Carrizo regenerations were confirmed being positive by PCR and highly expressed by RT-qPCR.  Two constructs with above gene driven by double 35S promoter have 400 explants of Ray Ruby for each. 
10) Two constructs with chimeral peptides containing citrus thionin and citrus proteinase were developed with both encoding genes are under by 35S promoter and SCAmpPs promoters. Transformation of those constructs are ongoing. 
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