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INTRODUCTION

Differentiating between the two crop-type of Cannabis sativa
(hemp and marijuana) has become an important task for law
enforcement following the legalization of hemp through the
2018 Agriculture Improvement Act. Genetic markers,
particularly cannabinoid synthase genes, have been identified
as key elements in determining the chemical composition or
chemotype of a cultivar. While previous studies proposed the
use of tetrahydrocannabinolic acid synthase (THCAS) and
cannabidiolic acid synthase (CBDAS) for predicting
chemotypes, existing methods that rely on outdated theories
might lack specificity and precision. The highly repetitive nature
of the cannabis genome along with non-functional pseudogenes
that share a significant nucleotide identity with functional
synthase genes poses a challenge in accurate genetic testing
[1-4]. To enhance precision, a custom Next Generation
Sequencing (NGS) assay was developed, targeting THCAS,
CBDAS, and their pseudogenes, along with another synthase
gene (cannabichromenic acid synthase (CBCAS)). The
resulting flowchart was utilized to create fast genotyping
methods (SNaPshot™ and TagMan™ SNP Genotyping

Assays), promising efficient tools for law enforcement. The
SNaPshot™ assay's effectiveness was confirmed using 15 C.
sativa varieties (n=130), while further assessment is needed for
the TagMan™ SNP Genotyping assay.
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RESULTS & DISCUSSION
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Figure 2. Four-plex SNaPshot™ assay with aTII possible alleles.

Table 1. Interpretation of the SNaPshot™ genotypes. Dark gray box
indicates the SNP of that marker is not important in that genotype. CBDA marker
in genotype 3 can provide CBD information of the marijuana sample. Genotype 5
needs peak height ratio (PHR) to determine the strains.

Genotype CBDA586 THCA 1179 Pseudo 486 THCA 1064

Identification

1 A THC<1% cannabis or
2 Abs. Hemp seed (n=56)
3 CBD info. G G Marijuana (n=69)
4 G TorA/T G G Hemp Seed (n=2)
5 GorG/T G or G/A PHR (1(():fl§)/4866)

Observation of pattern of the

including THCA 1064 (left) and Pseudo THCA 486 (right).

Table 2. Interpretation of Tagman™ qPCR genotypes. Dark
gray box indicates the SNP of that marker is not important.

Genotype THCA1064 Pseudo486 Identification
1 A/A THC<1% Cannabis
2 G/A THC<1% Cannabis
3 G/G Marijuana
4 Undetermined T/T THC<1% Cannabis
5 Undetermined T/G THC<1% Cannabis
6 Undetermined | Undetermined | THC<1% Cannabis
7 Undetermined G/G Marijuana

CONCLUSION

cannabinoid synthase genes and their pseudogenes.
* A novel identification flow chart for the differentiation of hemp and
marijuana is proposed.
Two fast genotyping assays, SNaPshot™ assay and TagMan™ gPCR
assay, were successfully developed and optimized.
 The advantages and disadvantages of the two assays were compared
and summarized (see table to the right).

A custom NGS panel was successfully utilized to analyze three m

Targets
Instrumentation PCR, CE qPCR
Time ~3 hrs ~1 hrs
Differentiate cannabis with THC >1% and <1% Yes Yes
Differentiate hemp seed from marijuana Yes No
Marijuana CBD Info. Yes No
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