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High-throughput	Genome	Editing	for	the	establishment		
of	Tetrahydrocannabinol	(THC)	–null	Hemp	Cultivars;	a	situational	report.	
	

By		Dr.	Wm.	McNair	
	

CRISPR-Cas9	gene	editing	technology	will	be	used	to	knock-out	gene	targets	in	the	THC	
synthesis	pathway	for	the	development	of	stable,	THC-null	hemp	cultivars.		THC	in	hemp,	and	the	
politics	surrounding	that	controlled	substance	continue	to	present	unique	and	sizeable	obstacles	to	
the	commercial	viability	of	any	hemp	production	or	processing	market	in	the	United	States.		In	
CRISPR-Cas9	provides	a	solution.		The	CRISPR-driven	gene-editing	platform	creates	a	high-
throughput	methodology	for	quick	and	effective	DNA	alteration.		A	quantum	leap	in	functionality	
over	predecessor	systems	in	terms	of	both	cost	and	ease	of	use,	CRISPR	permits	multiple,	precise	
in-vivo	manipulations	to	a	single,	stable,	heritable	genome.		As	such,	CRISPR’s	powerful	capabilities	
facilitate	a	heretofore	unavailable	and	innovative	approach	to	overcoming	THC-content	issues.	
Hemp	growers	throughout	the	US,	can	now	insure	THC	crop	compliance	in	any	cultivar	they	choose,	
and	at	relatively	little	cost.		The	value	proposition;	quickly,	efficiently,	and	cheaply	provide	
ubiquitous	THC-null	hemp	cultivars,	effectively	circumventing	immense	and	otherwise	costly	
obstacles	to	the	re-establishment	of	a	thriving	US	hemp	industry.		

	
Hemp	fiber	is	used	in	over	25,000	products	globally	including	fabrics	and	textiles,	yarns	and	

raw	or	processed	spun	fibers,	paper,	carpeting,	home	furnishings,	construction	materials,	insulation	
materials,	and	a	variety	of	other	composite	materials	including	plastics.			The	interior-stalk,	the	
hemp	“hurd,”	is	found	in	animal	bedding,	coarse	paper	products	and	base-material	applications.	
Seed	and	oil	extracts	are	used	in	foods	and	beverages,	body-care	products	and	cosmetics,	industrial	
oils,	pharmaceuticals,	nutritional	supplements,	renewable	energy,	and	as	an	alternative	protein	
source.			A	recent	Congressional	Research	Service	publication	(“Hemp	as	an	Agricultural	Commodity	
–	February	2,	2015”)	estimates	the	US	hemp-based	market	to	be	around	$580M.		Essentially,	this	
entire	US	market	consists	of	imported	base	materials	and	imported	finished	products.	

	
Prior	to	2014,	the	US	was	the	only	remaining	developed	country	banning	the	growth	of	

Industrial	Hemp	(IH)	(defined	as	hemp	containing	less	than	.3%	THC	by	dry	weight).	After	50	years	
of	prohibition,	the	Federal	Farm	Bill	of	2014	embraced	IH	production	in	the	US	for	academic	and	
research	purposes.		The	DEA	however,	still	recognizes	no	distinction	between	marijuana	and	IH	for	
any	purpose,	deeming	both	derivatives	of	Cannabis	psychoactive	and	dangerous.	Under	the	
Controlled	Substance	Act	(CSA)	of	1970,	legal	cultivation	of	IH	requires	onerous	DEA	licensing	and	
oversight.		As	a	result,	no	active	DEA	licenses	currently	exist	and	only	two	or	three	have	ever	been	
issued.			Federally	unlicensed	growers	(essentially	all	growers	both	institutional	and	private)	
currently	face	criminal	charges	and	property	confiscation	despite	obtaining	lawful,	state-issued	
permits.	Additional	policy	efforts	at	the	Federal	level,	like	the	Industrial	Farming	Act	of	2015,	seek	
to	resolve	conflicting	legislative	viewpoints	but	significant	federal	risks	remain.		

	
State	authorities	are	not	so	conflicted.	Based	on	numerous	market	validation	studies,	22	

states	have	already	passed	pro-hemp	legislation.			Thirteen states have statutes establishing 
commercial IH programs:	California,	Colorado,	Indiana,	Kentucky,	Maine,	Montana,	North Dakota,	
Oregon,	South Carolina,	Tennessee,	Vermont,	Virginia,	and	West Virginia.		7 states have passed laws 
establishing IH programs that are limited to agricultural or academic research purposes: Delaware,	
Hawaii,	Illinois,	Michigan,	Nebraska,	New York,	and	Utah.		Additional	national	endorsements	include:	
the	National	Farmers	Union	(NFU),	the	National	Association	of	State	Departments	of	Agriculture	
(NASDA),	the	American	Farm	Bureau	Federation,	and	the	National	Grange.			
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Even with state-licensure, national endorsements, and an unfunded DEA enforcement policy, IH 

farmers face numerous challenges. In the fall of 2014, Colorado farmers harvested the first “legal” 
commercial IH crop in the US in 57 years.  Farmers registered with the Colorado Department of 
Agriculture to plant nearly 1,600 acres of licensed IH. Seed shortages, poor germination rates and 
inexperience with the crop resulted in the production of only 200 harvestable acres.  Failed potency tests 
(THC > .3%) resulted in a hearsay-estimated quarter of the entire viable harvest being destroyed for non-
compliance.  Federal Farm Programs (such as crop insurance) and Federally insured banking institutions 
were directly challenged. And in the end, Colorado lacked a commercial processing infrastructure to 
receive the harvest.  Unprocessed hemp cannot be shipped across state bounds in violation of Federal 
intrastate commerce laws; most of Colorado’s crop never left the farms that produced it.  Almost the 
entire historical 2014 IH production run in Colorado produced desperately needed seed stock to augment 
the State’s 2015 propagation efforts.  	

 
Colorado’s experience underscores the debilitating demand for compliant IH seed stock in the 

US. Tight THC controls implemented in the early 20th century resulted in 70 years of traditional selective 
breeding efforts by farmers seeking compliant IH strains.  Traditional selective breeding requires a 
detailed evaluation of multiple generations of mature plants in the search for stable, heritable derivatives. 
It can take a significant investment of time and resources for breeders to achieve desired features within 
stable, naturally cycling plant lineages. And with the huge variety of downstream products made from 
hemp, there exist a myriad of potential traits-of-interest to be developed. 

 
To date, world regulatory agencies have registered less than 50 low-THC compliant strains, 

including 26 strains recognized by the EU.  Most of these registered low-THC cultivars meet the needs of 
fiber suppliers only; cannabinoid synthesis pathways in these strains have been targeted for elimination 
entirely. Consequently, almost no registered IH strains address specific traits required for the production 
of therapeutic cannabinoids like Cannabidiol (CBD).  Even if a licensed US grower could obtain seed 
stock for an appropriate registered IH strains (Federal regulations make it illegal to ship IH seeds within 
the US), plants can still yield non-compliant crops. Environmental and other epigenetic factors, cross-
pollination risks, and differing potency testing standards and regulations locally, nationally, and 
worldwide all contribute to failed compliance tests.  

 
In response to the myriad obstacles, one innovative approach to the production of ubiquitous, 

compliant seed stocks; CRISPR- Cas9 genetic editing for trait targeting. The use of CRISPR- Cas9 for 
gene editing is increasing as the technology permits mass genetic re-engineering of multiple related 
cultivars. High-throughput genetic editing of targeted genes will eliminate THC potency risk entirely in 
any hemp cultivar, rendering it politically inert.  Using this approach, any THC non-compliant cultivar 
with otherwise desirable traits can be effectively re-engineered for immediate, risk-free propagation by IH 
licensed farmers. The value proposition includes the establishment of dependable, compliant IH lineages 
at a fraction of the cost and in a fraction of the time required by traditional breeding methodologies.  

 
Initial research and development efforts will focus on targeting all cannabinoid products in hemp 

for elimination, mirroring the efforts of IH fiber producers.  Secondary research efforts will utilize gene 
expression array analysis to determine the selective influence of genes relevant for cannabinoid 
expression.  With the array information, geneticists will promote production of desirable cannabinoids 
while blocking undesirable THC synthesis.  As an added benefit, the plasticity of the gene editing system 
allows for market factors to drive the development of future products and services.  For instance, instead 
of fertile, trait-stable parental lineages, why not create sterile, genetically edited clones that do not violate 
Federal intra-state and international commerce regulations. The genetic variability is almost infinite, 
limited primarily by the composition of the initial genome provided and what the market may demand 
from it.		


