
Introduction
The recent legalization of medical Cannabis in 25 states and the District of Columbia, and
decriminalization in many states, has led to a surge of new strains that vary widely in
appearance, taste, smell, psychotropic effects, and cannabinoid levels. As more people look to
Cannabis for medical and recreational purposes, it is important to further explore the
inconsistencies seen in the genotypes within Cannabis strains to determine if there are similar
inconsistencies observed in the chemotypes. Research on the chemical constituents of
Cannabis, including cannabinoids and terpenes, is abundant. However, relatively few genetic
studies have been conducted and the origins and genetic identities of most Cannabis strains are
largely unknown. This study aims to investigate genetic and chemical aspects of multiple
Cannabis strains concomitantly to determine the relationship between genotype and
chemotype.

Aims
This study will use previously gathered genetic data from samples of popular Cannabis
strains acquired from different sources in concert with new chemical data from Gas
Chromatography (GC) and High Profile Liquid Chromatography (HPLC) analysis to
examine:

(1) clustering patterns of genotype and chemotype
(2) chemical profiles of strains acquired from different sources
(3) strain assignment by combining chemotype and genotype data
(4) chemotypes of publicly available strains compared to online

descriptions
(5) the accuracy of major cannabinoids (THCA, THC, CBDA and

CBD) reported on retail Cannabis

Genotype Analyses 
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Methods

Table 1 Cannabis samples (122) from 30 strains with the reported proportion of Sativa
retrieved from Wikileaf (2016). Strains considered pure Sativa, 50:50 Hybrid, and pure
Indica are color coded with the brightest colors (red= Sativa, green= Hybrid, purple=
Indica) to align with colors that Leafly (2016) uses to express the pure types of.. The
proportions of membership for Genotype 1 from the STRUCTURE expressed as a
percentage.

*Popular Strains
vClone only strains

Figure 1 Bar plot graphs generated from STRUCTURE for 122 individuals from 30 strains. Each strain includes reported proportion of
Sativa in parentheses (Wikileaf 2016) and each individual includes the location from where it was acquired. Each bar indicates
proportion of assignment for K=2 to Genotype 1 (teal) and Genotype 2 (mustard).

Figure 3 Principal Coordinates Analysis (PCoA) color coded by morphotype with the strain name given for each sample: Sativa type (red:
100% Sativa characteristics), Hybrid-type (dark green: 50% Sativa characteristics), and Indica-type (purple: 0% Sativa characteristics).
Different symbols are used to indicate different strains within reported morphotype.

Sampling
• 122 samples
• 30 widely available strains
• 20 dispensaries
• 8 cities across
• 3 states

Genotype
• CTAB DNA extractio
• ‘Purple Kush’ genome from GENBANK to

identify 10 variable microsatellites
• PCR and fragment analysis (Figure 1)
• STRUCTURE assigned each individual

proportions of genetic identity(Figure 2)
• STRUCTURE HARVESTER determined the

number of genetic groups (K=2)
• A Principle component analysis (PCoA) show

clustering for all samples with 14.29%,
9.56% and 7.07% of the variation on axes 1,
2 and 3 (not shown) respectively (Figure 3).

Chemotype
• Cannabinoids: THC, CBD, CBN, CBG, THCV, 

CBC, CBL
• Terpenes : Linalool, β-Myrcene, a-Pinene, D-

Limonene, and β- Caryophyllene 
• Sonification of flower tissue samples
• Gas Chromotography (GC)
• High Performance Gas Chromatography 

(HPLC)
• Cannabinoid and terpene compared to 

known standards using mass spectrometry 

Proposed Chemotype Analyses
• Chemotypes of Cannabis strains may be similar within strains
•Cannabis contains hundreds of unique chemical compounds
•66 cannabinoids and 140 terpenes
•Cannabis phenotypes, including chemotype can fluctuate under 

varying growing conditions
•Chemical profiles of each sample within a strain may be similar
•Cannabinoids (Δ9THC, Δ9THCA, CBD, CBDA, CBN, CBG, THCV, CBC)
• Terpenes (Linalool, β-Myrcene, a-Pinene, D-Limonene, and β-

Caryophyllene).
•Determine Dif there is a relationship between the genetic

identity and chemical profile
•PCoA to determine if there is clustering based on chemotype

within strains
•Compare chemotypes to available online chemical profiles

Cannabis strains are propagated through cloning or from stable 
seed stockand should therefore be essentially genetically identical 
no matter the source of origin. These results clearly show this is 
often not the case. 

Figure 1. Fragment analysis of microsatellites in Geneious showing variability in the sizes of microsatellites amplified by PCR.
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