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ABSTRACT (Executive Summary-public report-do not disclose proprietary information or intellectual property)
1. Please state project objectives and what work was done this quarter to address them:

Objective 1 Evaluate transgenic rootstocks over-expressing AtNPR1

We initially tried to produce AtNPR1 roostocks from those generated from juvenile transformation. Four lines that express
high levels of AINPR1 were selected. A total of 200 cuttings were made. A low concentration of indole-3-acetic acid (IAA)
that has been shown to promote root formation from cuttings was used. However, the AtNPR1 cuttings seems to be
reluctant to form roots. Similar situation was found for CSNPR3-hpRNAI lines. These results indicate that enhancing the
salicylic acid signaling in citrus likely suppress root formation.

We then produced AtNPR1 transgenic rootstock lines through mature tissue transformation. Out of 12 independent lines,
we identified two lines that express high levels of AINPR1. These plants were planted in Picos Farm and have started to

flower. The first batch (60) of seeds were germinated and the plants will be grafted in the spring of 2026. Additionally, 20

Kuharske transgenic shoots overexpressing OsNPR1 and 11 shoots overexpressing StNPR1 were generated and will be
characterized in 2026.

Objective 2 Characterize transgenic rootstocks expressing CSNPR3-hpRNAi

A total of 300 cuttings from the CsNPR3-hpRNAI plants were made. Similar to the AtNPR1 cuttings, only a few
CsNPR3-hpRNAI cuttings formed roots. We then generated 12 Kuharske CsNPR3/CsNPR4 RNA. lines through mature
tissue transformation. Using quantitative PCR, three independent lines with strong silencing effect have been identified.
These lines also express highly elevated defense gene expression, consistent with the negative role of CSNPR3 and
CsNPR4 in citrus immunity.

We also produced 32 transgenic Cas9-derived lines with a heat inducible cre recombinase based excision system using
juvenile and mature Kuharske rootstocks (14 mature tissue-derived and 18 juvenile tissue-derived). Two lines from the
mature tissue-derived plants have stable NPR3 and NPR4 edits, 4 lines from the juvenile tissue-derived lines have stable
NPR3 edits, 3 lines have NPR4 edits, while 1 line has both NPR3 and NPR4 edits. These lines are being grown so they
can be subjected to heat-inducible cre excision, with the goal of producing non-transgenic genome-edited shoots that can
be propagated for field evaluations

2. Please state what work is anticipated for next step:

We will continue evaluating the AtNPR1 rootstocks grafted with HLB-susceptible sweet orange. Seeds from mature
CsNPR3/CsNPR4 RNAi lines will be collected and germinated. The resulting plants will be grafted with suceptible scions.
We will test (1) whether CSNPR3 and CsNPR4 are silenced in the scion and (2) whether the rootstocks can confer HLB
tolerance if the silencin effect does not spread to scion. We will evaluate the CsNPR3 and CsNPR4 CRISPR rootstock
lines and investigate whether the heat-inducible cre excision system can produce transgene-free citrus gene edited plants.
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