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Cannabidiol (CBD)
It is intriguing to consider that CBD does not ‘make you high’; it is referred to as ‘not psychotropic’. 
It is thought that CBD acts in the immune system and perhaps some other organs besides the brain. 
However, we know it affects seizures, by acting in the brain, so it must be doing something 
psychotropic. We do not know how CBD affects our bodies. Some research has suggested that CBD 
acts by binding to the following:
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Where, for 
goodness sake, did 
the standard of 
0.3% THC by 
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Field ‘Pharming’: growing Cannabis as a crop for CBD extraction



Reddit post by a UConn student: ‘Susan Herbst’s private stash’



Cannabinoid synthesis involves shuttling of carbon skeletons from the monoterpene 
biosynthetic pathway to condense with hexanoyl CoA to generate olivetolic acid.
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Application of the growth regulator ethylene to Cannabis increases 
flower size, CBDaS expression, and female flower CBD content.

CBDa synthase expression GOT expression

Control Ethylene

CBD content (mg/g flower)



CRISPR/Cas9 technology is a recently developed 
technology. In some cases, it can be used to make 
genetic changes in crop plants that will not result in 
GMO plants according to a recent USDA determination



There are known genes 
that can be edited to 
induce male sterility

We can use CRISPR to edit many commercially-important Cannabis genes



A flow diagram for plant tissue culture

Conventional ‘genetic engineering’ or transformation 
involves using a bacterium, Agrobacterium 

tumefaciens, to deliver genes to cells in the callus 



Meristematic cells from an explant are cultured in vitro to generate callus

Callus: a growing mass of unorganized meristematic cells. Callus cells in 
plants grow to cover a wound; we take advantage of this to culture in vitro

Pictures of cannabis tissue culture from my lab:

Cannabis leaf explants with 
callus growing at cut surfaces

Close up of leaf 
explants; callus grows 

at cut end of veins

Cotyledon explants: 
great callus formation 
but no organogenesis



Agrobacterium-Mediated Transformation of Cannabis 

Some progresses made up to now:  We have produced GUS-

positive shoots but the efficiency needs to be improved.          

Dr. Yi Li, UConn Plant Transformation Center, unpublished



Nano-Mediated Delivery of GUS DNA into Cannabis

Some progresses made up to now:  nanoparticles help delivery of dsDNA 

into nucleus - the GUS gene is expressed. However, the efficiency is 

very low and thus needs to be improved.  

Dr. Yi Li, UConn Plant Transformation Center, unpublished



RATIO INHERITANCE

CBD to THC Ratio Inheritance: in this project 

to identify the heritability of specific CBDa and 

THCa synthases through self-pollination and 

outcrossing of “ultra high CBD” (>50:1 ratio) 

plant lines. The secondary goal of this project 

is to identify specific combinations of 

synthases that allow for very high cannabinoid 

content plants (>20% d.w.) to meet federal 

THC guidelines for hemp. Our in-house 

research program was the first to identify 

the cause of THCa production in type III 

(CBD) and type IV (CBG) varieties; this is 

due to the presence of multiple CBCA 

synthase gene copies.

A significant problem for commercial hemp production: sometimes your hemp tests ‘hot’ for 
THC (>0.3%) as the flowers mature. What can be done to prevent THC production in hemp?



Real-time quantitative PCR 

• Different genes  different 
tissues

• Use qPCR to determine 
differential expression of 
genes

• THCa largely produced in 
flowers
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What step in the biosynthetic pathway rate-limits cannabinoid 
production? Evaluation of Cannabinoid biosynthetic genes over the 
course of the flowering period in hemp

Hypothesis: CBDa synthase 
expression is correlated with CBDa 
production in hemp; THCa synthase 
is correlated with THCa production in 
marijuana
• took weekly, RNA samples during 

flowering cyclce
• Week 1 represents the onset of 

flowering; the first female flower 
parts (stigmata) appear

• Week 7 represents samples 
collected just prior to harvest

Week 1 Week 7 



Hemp:



From Oregon CBD web page: The federal 

THC limit is 0.3% for industrial hemp. I’ve 

seen other seed companies claiming 

consistent results below that level. Will 

your seed produce a field of 0.3% THC 

plants? Answer: In short, yes—all of our 

type III (CBD) and type IV (CBG) industrial 

hemp varieties have their THC production 

synthases turned “off” through traditional 

selective breeding (non-GMO), with 

chemical and genetic analysis guiding us 

in this process.

Hemp: Cherry Wine 



other genes of interest
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Hemp:  



Correlation matrix 

• Pearson’s Correlation 
coefficient 

• Blue = positive correlation 
• Red = negative correlation 

• 1 star - P value of 0.05
• 2 stars – P value of 0.01 
• 3 stars - P value of 0.001
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Expression of THCa synthase and THCa 
content over time

THCa synthase THCa content

Marijuana – THCa synthase

• Data did not support hypothesis 
• Data do not suggest direct correlation 

between THCa synthase and its product
• Relative to week 1, there is negligible 

changes in gene expression throughout 
the entire period of flower 
development
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• Data suggest a stronger correlation 
of THCa production with GOT gene 
expression levels

• Suggests that this enzyme, GOT, 
may be a more influential rate 
limiting factor in THCa production

Marijuana - GOT



Marijuana – other genes of interest
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Marijuana – CBDa synthase

• There are no statistically significant 
changes in relative expression of 
CBDa synthase 

• Correspondingly, there is no 
detectable CBDa in the flower 
tissue at any point during 
development



Cannabinoids are produced in glandular trichomes, and 
trichomes are most abundant on unfertilized female flowers 





Specific genetic elements in the ‘upstream’ promoter region of a gene can bind regulatory 
proteins (transcription factors) and act to enhance or repress the ability of RNA polymerase to 
bind to, and transcribe the protein encoded by the genetic sequence of the coding region.





Trichome-related gene of interest
• Other plants that produce 

trichomes and have secondary 
metabolites have trichome specific 
genes

• Identified a homolog in C. sativa 
• The expression of this gene 

corresponds with the increase in 
THCa generation
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Marijuana

Found a statistically 
significant 3.3-fold 
increase in TF-X
(P < 0.10)



Observed a 
statistically significant 
21% increase in 
cannabinoid content 
post-treatment
(P < 0.05) 

Marijuana



Pearson’s Product-Moment Correlation Matrix evaluating the positive (       ) and negative 
(      ) relationships between cannabinoids and biosynthetic pathway enzymes in medical 
marijuana. Shade and size of circles denote extent of correlation. Stars indicate 
significance (5, 1, and 0.1%) evaluated using ANOVA. Pearson’s Product-Moment 
Correlation was used to generate correlations.

>CBG

What have we learned?
1. Trichome initiation TF 

expression is correlated 
with THC and many of the 
cannabinoid synthesis 
genes.

2. Production of GPP may be 
a new target of breeders-
looking for increased 
cannabinoids as well as 
monoterpenes.





Conclusions
• Rate limiting factor influence may depend on 

the variety 
• GOT expression correlates with THCa 

production in C. sativa ‘Gorilla Glue’ 
• CBDa synthase and GOT expression seem to 

correlate equally well with CBDa production 
in C. sativa ‘Cherry wine’ 

• Genes related to trichome development may be 
important for breeders as well
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