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Much of the cool biology happens in glandular trichome heads

(false color SEM images by Ted Kinsman https://www.marijuanaventure.com/tag/ted/)



Patterns in terpene profiles

• GCMS data for about 500 flower 
samples.

• Terpene profile in cannabis flowers is 
complex

• Average 5.4 terpenes present above 
5% of total terpene content, 11.2 
present at above 1%.

• Typically the dominant terpene
constitutes a third of total terpene. 

• On average, the top four terpenes
comprise 72% of the total.



Correlation structure in the data set



Patterns in terpene data come from the way terpenes are made

Hyatt, David C., et al. "Structure of limonene synthase, a simple model for 
terpenoid cyclase catalysis." PNAS 104.13 (2007): 5360-5365.



Terpene synthases typically make more than a single product



Anatomy of a Terpene Synthase Gene

For mono- and sesqui-terpene synthases, seven exons is a highly conserved feature.

Some of these genes are quite large.

And that’s because many of them have introns that are unusually large for Cannabis.

There can be regulatory sites all through these, including the introns.

Alternative splicing

(cannabis TPS6-like, uncharacterized monoterpene synthase)



55 Full Length Genes, most with transcript support.



Terpene synthases are expressed in all parts of the plant



We can map variation in the active site itself



Modern breeding techniques can do amazing things over time

• Farmer selection and 
open pollination up until 
about 1940.

• Introduction of hybrids 
around 1940.

• New hybrid techniques in 
the 60s.

• Breeding for plant 
architecture allowed 
higher planting density.

• Genetics around yield and 
drought tolerance have 
been steadily improved.



THC content from 1975 to the present

Drug seizure data up to 2014 
2017 Washington mean: 21.4% (150,000 samples)
2017 Steep Hill California mean 19% (8200 samples)

• increasing prevalence of flower material in 
drug seizures.

• But there is some good breeding as well, 
aided for example by discovery of very 
potent Afghan strains.

• There is steady improvement, and while 
we may be close to the theoretical limit for 
cannabinoid content, there is ample room 
for improvement in this plant, particularly 
as we consider other yield measures.



Take Home Messages:

The Cannabis terpene synthase family is large and only partly characterized.

Individual enzymes are often multi-product, and these products will occur in predictable ratios.

Many terpenes are made by multiple synthases in the genome.

But not all of these will be active in a given strain, or if present active in flowers.

Genetic variability in Cannabis is quite high, and this variability determines which genes will be active in a 
given strain.

This genetic variation, working in concert with environment, accounts for the dramatic range of oil 
characteristics we see in Cannabis. 

That means the breeding possibilities in this species are enormous, especially as we learn to match specific 
cannabinoid and terpene profiles to markers.



THC content from 1975 to the present


