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1. Project objectives and work done this quarter:

Citrus greening is one of the most devastating plant diseases of modern times, with few, if any, remedies to
curb its progression. The essential problems in dealing with the causative bacterial organism, Candidatus
Liberibacter asiaticus (CLas), are two-fold.

First, CLas is not exposed to the environment as it is transferred from tree to tree via the psyllid, Diaphorina
citri, so approaches to prevent its transfer are extremely difficult.

Second, once inside the tree, CLas migrates in the phloem, escaping plant defenses. Our approach is to prevent
ClLas from moving in the phloem so the tree can destroy them. Given the large number of phloem sieve tubes,
this will not harm the physiology or transport capability of the tree. This method will not only protect the tree,
it will also greatly reduce the probability that newly hatched D. citri will acquire the bacteria and transfer them
to other trees. To prevent CLas from moving in the phloem beyond the initial infection site, a composite
transgenic construct is introduced that codes for an immobile sieve element occlusion (SEO) protein, native to
citrus, and a single-chain antibody that binds to a ClLas surface protein. This anchored composite protein will
immobilize, the bacteria, allowing the plant to destroy them by natural defense mechanisms.

On Oct. 16, 2023, 16 genetically transformed and 10 control Carrizo plants were shipped from Cornell to the
Levy lab in Florida. The DNA constructs included the phloem-specific SEO promoter driving expression, in
individual plasmids, of three different binding proteins (OmpA, CpaF, KpsF) as extensions of the native citrus
SEO protein, for example, SEOp: OmpA-SEO. In controls the binding proteins were omitted. Plants were
shipped with an APHIS epermit, according to USDA procedures. In Florida, the plants, which arrived in excellent
condition, were retested for inserted sequences, repotted and placed in a secure greenhouse for additional
growth.

Since Carrizo citrange plants, though readily transformed, can have low Clas titer (William Dawson, personal
communication) it was decided to use the transformed Carrizo as rootstocks and untransformed Pineapple
sweet orange (Citrus sinensis L. Osbeck) as scions. The grafted plants are now large enough to be tested for
ClLas by exposure to CLas-infected Diaphorina citri. CLas mobility will be tested by analyzing segments of the
infected scion and the Carrizo roots. The Turgeon lab also synthesized SEO-anchored antibody constructs (the
3 different antibody genes above) using the strong phloem-specific rice tungro bacilliform virus (RTBV)
promoter (Dutt et al., Tree Physiol. 32:83 2012) which should increase the number of binding proteins in the
sieve elements. In addition, the Turgeon lab made constructs for RTBV driven dual-binding (bivalent)
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	ABSTRACT:  1. Project objectives and work done this quarter:
Citrus greening is one of the most devastating plant diseases of modern times, with few, if any, remedies to curb its progression. The essential problems in dealing with the causative bacterial organism, Candidatus Liberibacter asiaticus (CLas), are two-fold.
First, CLas is not exposed to the environment as it is transferred from tree to tree via the psyllid, Diaphorina citri, so approaches to prevent its transfer are extremely difficult.
Second, once inside the tree, CLas migrates in the phloem, escaping plant defenses. Our approach is to prevent CLas from moving in the phloem so the tree can destroy them. Given the large number of phloem sieve tubes, this will not harm the physiology or transport capability of the tree. This method will not only protect the tree, it will also greatly reduce the probability that newly hatched D. citri will acquire the bacteria and transfer them to other trees.  To prevent CLas from moving in the phloem beyond the initial infection site, a composite transgenic construct is introduced that codes for an immobile sieve element occlusion (SEO) protein, native to citrus, and a single-chain antibody that binds to a CLas surface protein. This anchored composite protein will immobilize, the bacteria, allowing the plant to destroy them by natural defense mechanisms.
On Oct. 16, 2023, 16 genetically transformed and 10 control Carrizo plants were shipped from Cornell to the Levy lab in Florida. The DNA constructs included the phloem-specific SEO promoter driving expression, in individual plasmids, of three different binding proteins (OmpA, CpaF, KpsF) as extensions of the native citrus SEO protein, for example, SEOp: OmpA-SEO. In controls the binding proteins were omitted. Plants were shipped with an APHIS epermit, according to USDA procedures. In Florida, the plants, which arrived in excellent condition, were retested for inserted sequences, repotted and placed in a secure greenhouse for additional growth.
Since Carrizo citrange plants, though readily transformed, can have low CLas titer (William Dawson, personal communication) it was decided to use the transformed Carrizo as rootstocks and untransformed Pineapple sweet orange (Citrus sinensis L. Osbeck) as scions. The grafted plants are now large enough to be tested for CLas by exposure to CLas-infected Diaphorina citri. CLas mobility will be tested by analyzing segments of the infected scion and the Carrizo roots.  The Turgeon lab also synthesized SEO-anchored antibody constructs (the 3 different antibody genes above) using the strong phloem-specific rice tungro bacilliform virus (RTBV) promoter (Dutt et al., Tree Physiol. 32:83 2012) which should increase the number of binding proteins in the sieve elements. In addition, the Turgeon lab made constructs for RTBV driven dual-binding (bivalent) antibodies (OmpA-OmpA, CpaF-CpaF, KpsF-KpsF). Dual antibodies have been shown to have extremely strong binding potential (Bannas et al. Front. Immunol. 8:1603 2017). These constructs are now being used for Duncan grapefruit transformation.
2. Work anticipated for next quarter
The Levy lab is testing grafted trees by exposure to CLas. It was decided not to test CLas mobility by grating infected tissue to the experimental trees since this is not the natural infection process and it cannot be trusted to determine whether the bacteria are arrested under more natural conditions. In the Turgeon lab, additional transformed trees are being produced, using Duncan grapefruit and Valencia sweet orange. The DNA
constructs have been made, and transformation has begun, but the trees will not be ready for testing within the time frame of this grant. In order of priority the constructs are: 1) 35S promoter driving the three, anchored single-chain antibody constructs (these transgenics are being produced in the Levy lab); 2) RTBV promoter driving the three, anchored single-chain antibody constructs; 3) RTBV promoter driving the three,
unanchored, dual-antibody constructs, and 4) 35S promoter driving the three unanchored, dual antibody constructs.
3. Budget status
The budget status is an anticipated with funds neither underspent nor overspent.
4. Potential commercialization products
No commercialization is expected during this grant period although we believe that if these constructs prove successful in arresting CLas, they will provide direction for the reconstruction of a CLas-free citrus industry.
 
Revised Timeline Report for CRDF
This report details the timeline and general steps to evaluate the movement restriction activity of various constructs against Candidatus Liberibacter asiaticus (Ca L. asiaticus) in transgenic plants. The study includes untransformed and transformed Carrizo Citrange lines, using fully transgenic plants and grafting them onto susceptible rootstock to assess their ability to restrict Ca L. asiaticus movement.
Constructs Overview:
The following constructs will be evaluated:
·         WT (Untransformed Carrizo Citrange)  - Negative control.
·         Con 9-b (pCAM2301 SEOp: RFP-SEO1)  - Transformed but with undetectable RNA, serving as a negative control.
·         #1 12-b (pCAM2301 SEOp: scFv1 (694 OmpA) RFP-SEO1)  - Transformed with undetectable RNA, also a negative control.
·         Con 13-c (pCAM2301 SEOp: RFP-SEO1)  - Transformed with detectable RNA.
·         #1 15-b (pCAM2301 SEOp: scFv1 (694 OmpA) RFP-SEO1)  - Transformed with detectable RNA.
·         #1 18-c (pCAM2301 SEOp: scFv1 (694 OmpA) RFP-SEO1)  - Transformed with detectable RNA.
Timeline of Activities
1. Cloning and Rooting (October 2023  - March 2024)
·         Objective: Root the transgenic constructs and confirm transformation using PCR.
·         Details:
o         Apply rooting hormones to each construct.
o         Confirm transgenic status through PCR.
o         Allow plants to grow for approximately 6 months to develop a strong root system and stem appropriate for future grafting.
2. Grafting (April 2024  - July 2024)
·         Objective: Prepare two sets of plants for evaluation:
o         Fully transgenic Carrizo Citrange plants.
o         Pineapple Sweet Orange grafted with transgenic Carrizo rootstock.
·         Details:
o         Group 1: Fully transgenic Carrizo plants for evaluation.
o         Group 2: Pineapple Sweet Orange with transgenic Carrizo rootstock.
o         Ensure proper grafting techniques to prepare plants for psyllid-mediated infection.
3. Psyllid-Mediated Infection (September 2024  - October 2024)
·         Objective: Expose plants to Candidatus Liberibacter asiaticus via psyllid feeding.
·         Details:
o         Place plants in psyllid-infected cages, allowing psyllids to feed on the plants.
o         Monitor and control psyllid exposure to ensure consistent infection across all plants.
4. Far Western blot for scFv- Protein Interaction (November 2024  --January 2025)
·         Objective: Confirm scFv Interaction with Ca. L. asiaticus Outer Membrane Protein A.
·         Details: 
o         Extract Ca. L. asiaticus membrane proteins from psyllids
o         Extract scFv from transgenic carrizo and confirm protein-protein interactions.
4. PCR Testing for CLas in Roots and New Flush (December 2024  - March 2025)
·         Objective: Test for CLas presence in roots and new flush growth at two intervals.
·         Details:
o         First Round (December 2024) and Second Round (March 2025):
§         Trim plants to induce new flush growth.
§         Perform PCR testing on both root and new flush tissue to detect the presence of Ca L. asiaticus.
§         Utilize the CTAB method for DNA extraction followed by real-time PCR on an Applied Biosystems 7500 Fast Real-Time PCR System. Analyze Ct values to confirm Ca L. asiaticus infection.
5. Monitoring Plant Symptoms (December 2024  - March 2025)
·         Objective: Evaluate plant health by assessing photosynthetic efficiency and leaf mass per area.
·         Details:
o         Following the protocol from Christopher Vincent et al., measure chlorophyll fluorescence using a fluorimeter (OS-30p+).
o         Evaluate photosynthetic efficiency (Fv/Fm), performance index (PIabs), and other electron transport chain fluxes.
o         Measure leaf area (LA), dry weight (DW), and leaf mass per area (LMA).
6. Repeat Experiment with More Replicates (March 2025  - Late Summer 2025)
·         Objective: Repeat the experiment with additional replicates to ensure consistency and reliability.
·         Details:
o         Propagate the original trees using rooting hormones.
o         Start a second round of infections in March 2025.
o         Evaluate the results in late summer 2025.
This timeline outlines the key steps and activities necessary to evaluate the movement restriction activity of the transgenic constructs against Candidatus Liberibacter asiaticus. These experiments aim to confirm whether the bacterias's movement is restricted to the phloem of the transgenic plants through grafting, infection, and PCR testing. Additionally it confirms the scFv mechanism to restrict movement by binding to the bacteria's outer membrane protein A. 
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