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Regulatory approvals/exemptions by APHIS and EPA for non-

transgenic genome edited citrus generated by either 

transformation of embryogenic protoplasts with 

ribonucleoprotein (RNP) or Agrobacterium-mediated co-editing 

method.

✓ Case study 1. Citrus canker

✓ Case study 2. Citrus HLB

Outline



Engineering canker resistance of citrus cultivars through 

transgene-free genome editing

http://www.apsnet.org/publications/apsnetfeatures/PublishingImages/2002Features/CitrusCanker_Fig08sm.gif

Gottwald 2002fruit drop, defoliation, yield 

losses 5-30%, fruit marketability
Present in Florida, Louisiana, Texas, Alabama, Georgia

Gram negative, 

xanthomonadin, xanthan gum

http://www.apsnet.org/publications/apsnetfeatures/Article%20Images/CitrusCanker_Fig08.gif


PthA is a transcription activator-like (TAL) effector 

that triggers canker symptoms by inducing 

expression of canker susceptibility gene LOB1
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TALEN (TAL Effector Nucleases (Fok1)) in genome editing in 2011, CRISPR genome editing 2013 



• CsLOB1 is a disease susceptibility gene for citrus canker disease.

Genome editing of the EBE of CsLOB1 promoter region or the coding region via transgenic 

approach has been successfully used to generate canker resistant citrus plants

Developing canker resistant citrus 

varieties via genome editing the 

EBEPthA4 and coding region of CsLOB1
Jeff Jones Frank WhiteHongge Jia



Mutation of the coding region or the promoter region of 

CsLOB1 enables citrus resistance against canker

grapefruit

Pummelo

grapefruit

Sweet orange



Lob1 edited C. sinensis cv. Hamlin 2 years old Wild type C. sinensis cv. Hamlin 2.5 years old

Genome editing of the EBE region of LOB1 of C. sinensis cv. Hamlin has 

no observable negative effect on plants (so far)

The edited lines are transgenic.  Due to regulatory issues, it has not 

been commercialized.  



We have generated non-transgenic canker resistant 

sweet orange cv. Hamlin by genome editing the coding 

region of CsLOB1



Table 1. Summary of transgene-free CsLOB1-edited C. sinensis cv. Hamlin lines generated 1 

by LbCas12aU/crRNA RNP transformation of embryogenic citrus protoplasts.  2 

Types of 

regenerated lines 

Mutation 

types 

Mutations of 

two alleles 

Number of 

regenerated lines 

L1 Biallelic -11/-7 4 

L2 Biallelic -7/-2 4 

L3 Biallelic -14/-7 10 

L4 Biallelic -19/-7 1 

L5 Homozygous -7/-7 8 

L6 Biallelic -7/-4 4 

L7 Biallelic -7/-7 (different) 1 

L8 Biallelic -8/-4 1 

L9 Biallelic -7/-6 1 

L10 Biallelic -4/-3 2 

L11 Biallelic -11/-9 1 

L12 Biallelic -9/-6+348 1 

L13 Wild type  1 
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Non-transgenic canker-resistant Citrus sinensis cv. Hamlin 

PCR and sequencing

Whole genome 

sequencing using 

Illumina

No off-target mutations

Exon 1 Exon 2EBE Region

5’-TAGCCAAGGCACAGGCTGAGCTTGTCACCATGGAAAGCCAGCAACGCA-3’

crRNA
PAM

A



Non-transgenic canker-resistant Citrus 

sinensis cv. Hamlin 
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“Am I Regulated” by APHIS for the non-transgenic  LOB1-

edited canker-resistant C. sinensis cv. Hamlin 

✓ APHIS: regulatory approval (1st 

submission, 11/4/2022, 

resubmission 12/6/2022, approval 

12/19/2022)

Relevant technical information:

Transformation method: protoplast transformation

Construct: ribonucleoprotein and gRNA

Recipient organism: Citrus sinensis

Donor organisms: No DNA was used in this procedure and no foreign DNA was integrated 

in the edited Hamlin lines.

Description of both design and evaluation methods used to ensure target specificity of

the gRNA in the citrus genome: gRNA, off target analysis based on deep sequencing and 

whole genome sequencing. 



“Am I Regulated” by APHIS for the non-transgenic LOB1-

edited canker-resistant C. sinensis cv. Hamlin 

Regulatory exemption requested:

Because the multiple CRISPR-edited Hamlin lines contain no foreign DNA 

sequences, and the single genetic modification of LOB1 gene is a change 

resulting from cellular repair of a targeted DNA break in the absence of an 

externally provided repair template, the exemption that the plants we 

developed qualifies for § 340.1(b)(1).



Date: 12/19/2022



Exemption from EPA for the non-transgenic LOB1-edited 

canker-resistant C. sinensis cv. Hamlin 

✓EPA: Loss-of-function (LoF) Plant-Incorporated 

Protectants (PIPs) self-determination exemption 

(submission 08/21/2023, “exemption” 04/9/2024).

✓  Subject: Letter of self-determination per 40 CFR 

174.90(a)(2)





EPA response for the self-determination application of the non-

transgenic LOB1-edited canker-resistant C. sinensis cv. Hamlin 

For EPA self determination process, the receipt on 4/9/2024 

serves as the proof of exemption.



Where are we with the non-transgenic LOB1-edited canker-

resistant C. sinensis cv. Hamlin? 

✓ APHIS: exemption 12/19/2022

✓ EPA: “approval” 04/9/2024

 

✓ Florida DPI Citrus Budwood Registration program 

(2 years are needed, 4 lines were sent to the 

budwood program on 7/20/23)

   

✓ FDA: initiated some discussion regarding how to 

prepare for FDA application when fruit are ready. 

✓ Being propagated by two nurseries for field trials 

and commercialization. 



➢ Case study 1. Citrus canker

➢ Case study 2. Citrus HLB

Outline



Citrus HLB is the most devastating citrus disease

*

*

600 nm

Candidatus Liberibacter 

asiaticus (CLas), 

not cultured on artificial 

media, can’t make mutants.

Diaphorina citri



Improving citrus resistance/tolerance against HLB via 
non-transgenic CRISPR genome editing

• Suppressing HLB symptoms

• Killing CLas



Citrus Huanglongbing is a pathogen-

triggered immune disease

CLas is a biotrophic pathogen and causes disease by triggering 

phloem cell death. 

CLas triggers systemic and chronic immune responses, including 

reactive oxygen species (ROS) production and callose deposition, 

leading to phloem cell death and HLB symptoms.



• Ca. L. psyllaurous (Lpsy, synonym Ca. L. 

solanacearum) causes increased leaf 

yellowing, ROS production, cell death, phloem 

callose deposition and starch accumulation in 

tomato, similar to that seen in HLB. 

EDS1 drives Ca. Liberibacter triggered chronic immune disease 

• Knockout of tomato Eds1 and Pad4 but not 

RbohB, Bik1 and Sobir1 reduces disease 

symptoms, ROS production, callose 

deposition, and phloem cell death caused by 

Ca. Liberibacter

• Non-transgenic genome edited (EDS1) 

Valencia and Hamlin sweet orange were 

generated in 2024 by transformation of 

embryogenic protoplasts with Cas12a 

ribonucleoprotein complex
unpublished



“Am I regulated” by APHIS for the non-transgenic genome edited (EDS1) 
Valencia and Hamlin sweet orange

• APHIS regulatory filing “Am I regulated”: first filed on 4/24/25.

• Response and correction 4/30/25: “Please remove the 

paragraph under  (Regulatory exemption requested:) . Due to 

the December 2, 2024 vacatur of the 7 CFR part 340 

regulations, we are now under the 2019 7 CFR part 340 

regulations and no longer have the exemptions and 

confirmation process that was previously at § 340.1.”

• Not a regulated article (Non-GMO/non-transgenic) under 7 CFR 

part 340: May 1, 2025

Hamlin Valencia

EDS1-edited



Exemption by EPA for the non-transgenic genome edited (EDS1) Valencia and 
Hamlin sweet orange

✓ EPA: Loss-of-function (LoF) Plant-Incorporated Protectants (PIPs) 

self-determination exemption 

✓  Subject: Letter of self-determination per 40 CFR 174.90(a)(2)

✓ April 24, 2025, first response back for revision: 5/01/25, and revision 

submitted on 5/21/25, “exemption/approved based on self 

determination” on 6/4/25





Because CLas is a biotrophic pathogen, promoting 
immune response can increase citrus resistance 
against HLB by reducing CLas titers 
  

• DMR6 encodes SA-5 hydroxylase that degrades SA.

• Inactivation of DMR6 results in increased SA levels and confers 

resistance to different classes of pathogens, including bacteria and 

oomycetes.

• It is expected genome editing of citrus DMR6 will enhance the killing 

effect of plant defense against CLas.



Non-transgenic genome edited Valencia and Hamlin plants (Dmr6, a broad range 
disease S gene) have received regulatory approvals by APHIS and EPA

The Dmr6-edited plants generated in 2024 grow 

slightly slower than the wild type initially, but 

there are no major growth defects so far.  

APHIS regulatory filing: filed on 6/02/25, 

approved on 6/24/25.

EPA: filed on 06/09/25, exemption based on 

self-determination on 7/2/25.



Where are we with the non-transgenic EDS1-edited and 

DMR6-edited Citrus sinensis cvs. Hamlin and Valencia 

✓ Florida DPI Citrus Budwood Registration Program: submitted non-transgenic 

EDS1-edited and DMR6-edited Citrus sinensis cvs. Hamlin and Valencia on July 

15, 2025. 

✓ Being propagated by the Brite Leaf Citrus Nursery (9/2/25) for field trials and 

potential commercialization. 



Updates on regulatory approvals for other non-transgenic 

genome-edited Citrus sinensis cvs. Hamlin and Valencia 

generated via the RNP method 

✓ On Jan 29, 2026, we have field self-determination exemption per 40 CFR 

174.90(a)(2) to EPA for non-transgenic genome-edited Citrus sinensis generated 

via the RNP method for 21 target genes and received exemption response on 

2/5/26. 

✓ On Jan 30, 2026, we have filed “Am I regulated” to APHIS for non-transgenic 

genome-edited Citrus sinensis generated via the RNP method for 21 target genes, 

received approval on 3/5/2026. 



Regulatory approvals for non-transgenic genome edited citrus 

generated via Agrobacterium-mediated co-editing strategy



Transgene-free genome editing in plants in the T0 generation based 

on Agrobacterium-mediated co-editing strategy

This approach is commonly used for transgenic!

Sabu et al. 2020



Approaches to remove selection marker or 

CRISPR sequence

Genetic segregation via backcrossing or selfing 

Annual crops Perennials plants

laborious and 

time-consuming 

High heterozygosity, 

polyembryony,  

long juvenility 



Most T-DNAs are not integrated into the host 

chromosomes

Agrobacterium-mediated transient expression was 

used for transgene-free genome editing: tomato, 

tobacco, and potato

Without selection pressure, making it difficult, 

laborious and time-consuming to differentiate

Transient expression via Agrobacterium-mediated transformation in 

genome editing 



Transgene-free genome editing in plants in the T0 generation 

based on Agrobacterium-mediated co-editing strategy

cytosine base 

editor (CBE)

Yuanchun 

Wang
Xiaoen Huang Hongge Jia

Jin Xu

110 nM chlorsulfuron 110 nM chlorsulfuron

Transgenic Putative non-

transgenic

Final confirmation of non-transgenic genome editing: whole genome sequencing



Sample
Total raw data 

(Gb)

Total high quality data 

(Gb)

Sequencing 

coverage

Construct 

sequence

DMR6-3 13.31 13.05 39.54 No

Confirmation of non-transgenic genome editing of DMR6 via whole 

genome sequencing 



Updates on regulatory approvals for the non-transgenic genome-

edited citrus generated via Agrobacterium-mediated co-editing 

strategy

✓ On Feb 12, 2026, we have filed “Am I regulated” to APHIS for non-transgenic 

genome-edited citrus generated via the co-editing method for 2 target genes and 

received approval on 3/5/2026. 

✓ On Feb 12, 2026, we have field self-determination exemption per 40 CFR 

174.90(a)(2) to EPA for non-transgenic genome-edited citrus generated via the co-

editing method for 2 target genes and received exemption response on 2/12/2026. 



Summary

We have generated non-transgenic lob1 edited sweet orange via the RNP 

method, which is canker resistant and has received regulatory 

“approval/exemption” by both APHIS and EPA.

We have generated non-transgenic genome edited sweet orange for 23 

target genes including eds1 or dmr6 via the RNP method, which are 

putatively resistant/tolerant against HLB and have received regulatory 

“approval/exemption” by both APHIS and EPA.

We have generated non-transgenic genome edited sweet orange for two 

target genes including DMR6 via Agrobacterium-mediated co-editing 

method, received regulatory “approval/exemption” by both APHIS and EPA.
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