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 In the past 10 years
 Lack of plant transformation technology & capacity identified 

as the major barrier to the plant sciences

Advancing Crop Transformation in the Era of Genome Editing
2016. The Plant Cell, 28(7):1510-1520
https://doi.org/10.1105/tpc.16.00196

https://www.semanticscholar.org/paper/Advancing-Crop-Transformation-in-the-Era-of-Genome-Altpeter-Springer/6f0aa1a093d5606aee1b1e558b132af429d3938c
https://doi.org/10.1105/tpc.16.00196






Bioenergy crops remain unaddressed



Workshop on 
Transformation of 
Bioenergy Crops

Sept 18-20

https://genomicscience.energy.gov/plant-transformation/



68 participants
• Assorted academia
• Large & small companies
• Research centers

8 DOE
• Vijay Sharma, Ramana Madupu, Shing Kwok, Kari Perez, Todd 

Anderson, Dawn Adin, Resham Kulkarni, Pablo Rabinowicz

12 observers
• NSF, NIFA, ARS



Workshop format
Inventoried community needs for plant transformation now and in the future

Evaluated the current state and challenges of plant transformation

Noted promising new methods for gene delivery, transformation, and regeneration

Looked at ways to leverage –omics approaches to develop future transformation technologies

Identified the role of IP, regulations, and stewardship needs

Highlighted the need to develop an inclusive community and talent pool

Recommendations



Format
 Invited talks
 Breakout sessions
 Ranked feedback

• X-Leap facilitator team
• BERIS



Limitations exist at every step 

Limited 
Agrobacterium 

strains

Ability to assemble 
large & complex 

constructs

Availability of 
trained personnel

Need for 
site-

specific 
insertion

Recalcitrance:
Few genotypes can 

regenerate efficiently

Need for 
quality events

Screening & 
molecular 

characterization



The Transformation Explosion

https://www.nature.com/articles/d41586-021-01776-4

Estimate:
• 5 -10 K transformations/year in USA

• 6-10 events per transformation

< 10% of these involve bioenergy crops



Large data & computational power will 
drive transformation

https://www.nia.nih.gov/research/labs/computational-biology-genomics-core

Computational 
biology & 
genomics

Data 
analysis 

& sharing

Data 
science 
network

Instruments & 
computer 
resources

GWAS & 
genome 

sequences

Estimate:
Transformation needs 

will increase 20x in 
next 5 years

Efficiency will need to increase

Ability to engineer ~30 genes at once



Transgenics then and now

 Restriction 
cloning

 Gateway assembly
 Modular cloning
 Landing pads
 Safe harbors
 Insulators
 Synthetic promoters
 Tunable expression
 Metabolic engineering



Constructs, then and now
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Capacity to assemble and deliver into plants



Need advances in
  DNA delivery methods
 Agrobacterium strains
 Site-specific integration
 Delivery of long DNA 

constructs
 Viral & nanoparticle delivery
 DNA-free editing

  Regeneration
 Use of morphogenic genes
 Site-specific integration
 Delivery of long DNA 

constructs
 Avoid tissue culture altogether

Automation
• AI & machine vision
• Robotics



Solutions and opportunities

 Basic research
 Understand regeneration and DNA repair

 Technology development
 Regeneration & transformation
 Robotics

 Training opportunities
 Knowledgeable in the science of tissue 

culture
 Work force skilled in the art of tissue 

culture



Meeting the challenge
A centrally 
funded DOE 
research facility
• Large-scale, long-
term, beyond 
abilities of 
academic labs

• Field trials
• IP support
• Public  domain 
methods & 
components



Thank you!
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