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Definitions

• GMO: organism in which one or more changes have been made to the genome, typically 
using high-tech genetic engineering, to alter the characteristics of an organism.

• Transgenic: being or used to produce an organism of one species into which one or more 
genes of another species have been incorporated

• Cisgenic: the genetic modification of a recipient organism with a natural gene from a 
crossable—sexually compatible organism.

• Genome Editing: a method for making specific changes to the DNA of a cell or organism. 
It can be used to add, remove or alter DNA in the genome.





Transgenic Cotton Cultivation in the United States



Present

Mulitple transgenic events conveying insect resistance and herbicide 
tolerance

Insect Resistance:  Bacillus thuringiensis (Bt) based Cry and Vip proteins 
provide protection from lepidopteran and thysanopteran pests

Herbicide Tolerance: Genes providing tolerance to foliar applications of 
glyphosate, glufosinate and ALS herbicides.



Future

• Cotton produced both food (oil and protein) as well as fiber.

• Enhance yield potential and quality targeting genes that:
• Impact fiber characteristics: length, strength, uniformity, fineness, etc.
• Impact oil characteristics: content, composition and quality

• Protect genetic yield gains:
• Abiotic stress: heat, cold, wind, drought, salinity, etc.
• Biotic stress: insects, nematodes, bacterial and viral pathogens, weeds, etc. 

• Can we improve yield and quality while reducing cotton’s environmental 
impact through gene editing?



Genome Editing

• Multiple Tools: ZFNs, mega-nucleases, TALENs, and CRISPR/Cas9

• Methods allow specific changes to the DNA of a cell or organism and can be used to add, remove 
or alter DNA in the genome. 

• Deletions (knock-out) are easier than base substitutions due to off target effects

• Cotton is recalcitrant/difficult to edit. Largely using C312 and then backcrossing which is slow.

• Resulting organisms may or may not be Transgenic

• Requires clear, validated, and robust knowledge about which specific genes to edit







Cotton Genome Editing for Improved Insect Management 
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Two Parallel Cotton Gene Editing Projects

Target #1: Volatile Terpene Biosynthesis (What cotton smells like)

“Modifying volatile emissions from cotton to enhance insect resistance using 
a transgene-free CRISPR/Cas9 approach”

PIs: A. Helms, G.A. Sword & M. Thompson

Target #2: Phytosterol Biosynthesis (Limits nutritional quality)

“Cotton genome editing for insect pest management”

PIs: G.A. Sword, K. Rathore, S.T. Behmer, K. Zhu-Salzman, M. Thompson 



Reduced aphid reproduction on HYDRA1 silenced cotton.
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Target #2: Phytosterol Biosynthesis 



https://www.aphis.usda.gov/aphis/newsroom/stakeholder-info/sa_by_date/sa-2023/rsr-responses







https://www.isaaa.org/kc/cropbiotechupdate/default.asp



Benefits for 
Sustainability

Yield is the denominator in most 
sustainability metrics

Goal is to improve yield and quality while 
using inputs more efficiently (water, 
nutrient, etc.)

Can lead to reduce pesticide use through 
improved host plant resistance

Results in a more resilient crop that 
provides enhanced nutritional quality 
through oil and protein as well as fiber







Ultra-low Gossypol Contact:
Dr. Keerti Rathore

Keerti.Rathore@ag.tamu.edu



Thank You 
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