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Typical Gene Editing Workflow for Row Crops

Preceon  Smart Corn System: Bayer Crop Science; edited gibberellin 20 
oxidase

Agrobacterium 
tumefaciens/
rhizogenes

DNA delivery Transformation & 
Regeneration Genotyping

Self-pollination
Segregate out transgenes

Cas9/sgRNA transgene

Edited Plants
Transgene free



Problems in Clonally Propagated Tree Systems

Time constraint to floral 
onset (years)

Loss of phenotype 
characteristics through self-
pollination (hybrid trees)

Stanton et al. 2010 Populus Breeding: From the Classical
to the Genomic Approach



Excising Transgenes with Site-Specific 
Recombinases
Reduces off-target gene edits

Deregulation? (RSR-trait-MOA regulation may allow for footprint approval – potential USDA-SECURE simple 
edit exceptions)
1 2 3



Recombinase Challenges in Plant Systems

Methylation at recognition site spacer sequence causes steric hindrance at Holliday junction during recombination

Holliday Junction 
Strand Exchange 
(wild-type FRT)

Holliday Junction 
Strand Exchange 

(cytosine-free FRT)



Excision

RED 
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NO RED 
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Quantify Excision Efficiency – Active Excision Reporter



Site Efficiency Screen - Agroinfiltration
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Analysis Using GMOdetector Phenomics Pipeline

Leaf discs from 
Agroinfiltration imaged 

using a fluorescent 
hyperspectral camera

GMOdetector
Quantification of 
fluorescent signal



Summary & Future
“AA” and “AT” FRT sites showed promise in this construct with transient expression
Other sites lower-performing, still saw some excision

Future Goals:
Test this construct in stable transformation for hybrid poplar
Head-to-head of top-performing cytosine-free FRT site against wild-type FRT site in root-to-shoot construct (below)

Total T-DNA size: 44.7kb
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