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1. Please state project objectives and what was done to address them:

Knocking out disease susceptibility genes (S genes) has resulted in enhanced
disease resistance in multiple crops. The bottleneck to using CRISPR for
engineering HLB resistance in citrus has been the lack of suitable and validated
gene targets. Identifying suitable gene targets has been the most urgent task for
achieving HLB resistance through gene editing. We are the first group in the world
that have knocked out two S genes, DMR6 and SWEET1, in HLB-susceptible
‘Duncan’ grapefruit and produced dmr6 and sweetl mutants. The objectives of this
project were to evaluate the resistance of four ‘Duncan’ mutants to HLB after graft
inoculation and exposure to infected Asian citrus psyllids (Objective 1) and to
assess potential side effects of these mutations on citrus plant growth and
morphology (Objective 2).The overall goal of this project was to determine the
effectiveness of editing DMR6 and SWEET1 for engineering HLB resistance in
citrus.

For Objective 1, four ‘Duncan’ mutants and one control wildtype line were grafted
onto HLB-free sour orange rootstock in two batches. The first batch of clonal plants
was graft-inoculated with CLas-positive buds or CLas-free buds (mock inoculation)
on June 17, 2023, resulting in 29 graft-inoculated plants and 10 mock-inoculated
plants. These plants were grown in a temperature-controlled greenhouse. Data on
plant height, trunk diameter below and above graft union, and CLas titer were
collected on June 6 (before inoculation), September 21, and December 21, 2023 (6
months post inoculation). The Ct value of these mutants and wildtype was
approximately 40, indicating undetectable CLas in these inoculated plants. This
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	ABSTRACT: 1. Please state project objectives and what was done to address them:
 
Knocking out disease susceptibility genes (S genes) has resulted in enhanced disease resistance in multiple crops. The bottleneck to using CRISPR for engineering HLB resistance in citrus has been the lack of suitable and validated gene targets. Identifying suitable gene targets has been the most urgent task for achieving HLB resistance through gene editing. We are the first group in the world that have knocked out two S genes, DMR6 and SWEET1, in HLB-susceptible ‘Duncan’ grapefruit and produced dmr6 and sweet1 mutants. The objectives of this project were to evaluate the resistance of four ‘Duncan’ mutants to HLB after graft inoculation and exposure to infected Asian citrus psyllids (Objective 1) and to assess potential side effects of these mutations on citrus plant growth and morphology (Objective 2).The overall goal of this project was to determine the effectiveness of editing DMR6 and SWEET1 for engineering HLB resistance in citrus.         
 
 
For Objective 1, four ‘Duncan’ mutants and one control wildtype line were grafted onto HLB-free sour orange rootstock in two batches. The first batch of clonal plants was graft-inoculated with CLas-positive buds or CLas-free buds (mock inoculation) on June 17, 2023, resulting in 29 graft-inoculated plants and 10 mock-inoculated plants. These plants were grown in a temperature-controlled greenhouse. Data on plant height, trunk diameter below and above graft union, and CLas titer were collected on June 6 (before inoculation), September 21, and December 21, 2023 (6 months post inoculation). The Ct value of these mutants and wildtype was approximately 40, indicating undetectable CLas in these inoculated plants. This result was unexpected, and it suggested that the graft inoculation did not perform as expected. 
 
These plants were re-inoculated in December 2023 by exposure to CLas-infected Asian citrus psyllids (ACPs). Re-inoculated plants were tested for CLas titer on March 24, June 24, October 7, and December 18, 2024 (12 months post re-inoculation and 18 months post graft inoculation). 
 
In March 2024, CLas was still not detected in the two dmr6 mutants, but it was detected in both sweet1 mutants and wildtype ‘Duncan’ grapefruit plants. The Ct value in one sweet1 mutant plant was as low as 19, indicating high titers of CLas in this plant. 
 
In June 2024, more wildtype ‘Duncan’ plants became CLas-positive and had low Ct values (as low as 18) or high CLas titers. Wildtype plants began to show severe yellowing symptoms. The dmr6 mutants shower lower CLas positivity (40.0% or 66.7%) and higher Ct values (31 to 34) or lower CLas titers. One of the dmr6 mutant did not show any significant changes in plant height and trunk diameter; the other dmr6 mutant showed slower trunk diameter increase compared to the wildtype. Two sweet1 mutants had greater trunk diameter increase. 
 
In early October 2024,the two dmr6 mutants had low (Ct value 31) or no CLas titers (Ct value 40), while the two sweet1 mutants maintain high CLas titers with Ct values between 16 and 24, similar to infected wildtype plants (Ct value 17- 20). Both dmr6 mutants did not show any severe HLB symptoms. One of two dmr6 mutants  grew well with high vigor. Meanwhile, the two sweet1 mutants showed severe blotchy mottle leaf HLB symptoms, although one of these mutants showed better growth in plant height and trunk diameter.
 
In mid December 2024, the CLas positivity (% plants with Ct below 35) among inoculated plants reached 51.7%, highest since re-inoculation in December 2023. In this latest evaluation, the two dmr6 mutants continued to have low CLas titers with Ct between 30 and 40. CLas positivity in the dmr6 mutants was 33.3% to 80.0%, yet none of the plants showed any severe HLB symptoms. Both sweet1 mutants and the wildtype exhibited severe blotchy mottling, and some of their plants had Ct as low as 17.
 
The second batch of clonal plants (total 34, with 4 to 8 per mutant) were re-inoculated with CLas on July 15, 2025 using hot ACPs. Leaf samples were collected in early October and mid December 2024, followed by DNA isolation and qPCR analyses for CLas titer determination. So far, CLas has not been detected in any of the mutant or wildtype plants 6 months post re-inoculation. 
 
For Objective 2, 10 rooted cuttings per mutant were potted up in late August 2024, and grown in a greenhouse. Morphological data were taken in late January 2025, 5 months after potting up. These plants were not incoculated with CLas, so morphological differences are likely the result of the gene edits. Examined morphological characteristics included plant height, trunk diameter, number of shoots, internode length, number of leaves, leaf length, width, thickness, and midvein width, petiole length, and wing size. The two dmr6 mutants and one sweet1 mutant were shorter and had smaller trunk diameters than the wildtype. The two dmr6 mutants and one sweet1 mutant had fewer leaves than the wildtype. one dmr6 mutant had fewer shoots than the wildtype, and its petioles were shorter, and the other dmr6 mutant had shorter internodes than the wildtype. So far, no differences have been observed between the wildtype and the mutants in leaf morphology (length, width, thickness, and midvein width).  
 
Brief summary of accomplishments:
1) Two dmr6 mutants seemed to consistently show low CLas levels and no severe HLB symptoms, whereas the sweet1 mutants (and the wildtype) experienced signifcant CLas infection and severe HLB symptoms.
 
2) Morphological assessments showed significant differences in plant height, trunk diameter, and leaf number. However, no differences were observed in leaf morphology.
 
 
2. Please state what work is anticipated for next quarter:
 
This project expired in January 2025. Oue results suggest that editing the DMR6 gene could be an effective strategy for enhancing HLB resistance in citrus. However, the chronic nature of HLB and the relatively short project duration limited our ability to gather conclusive data on resistance. HLB is a chronic disease that requires several years of assessment to reach definitive conclusions. Within the project timeframe, we managed to collect data from a second batch of inoculated plants only twice, and CLas was undetectable in these evaluations. The morphological evaluations were conducted at a relatively young plant age (ca. 5 months after potting). Additional data collection is required to validate these findings. If DMR6 is confirmed as a suitable gene target, the guide RNAs designed and tested in this project could be applied to major commercial citrus cultivars, potentialy offering broad-spectrum resistance to bacterial diseases including HLB and citrus canker.
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