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Cannabinol Synthase Gene Based Molecular Markers for Identification
of Drug and Fiber Type Cannabis sativa
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Abstract — Cannabis sativa is an important industrial plant utilized to produce fiber, oil, and medicinal ingredients. A chemo-
type of cannabis is divided into “Drug type” with predominance of tetrahydrocannabinolic acid (THCA) and “Fiber type” with
cannabidiolic acid (CBDA). To develop molecular markers for the discrimination of these two types, nucleotide sequences of
THCA synthase and CBDA synthase as well as their pseudogenes were retrieved from the recently published cannabis genome
in chromosome scale. Gene-specific SNPs were discovered by multiple alignment of these sequences, and 2 dominant marker
sets from each gene were designed for selective amplification. Our markers successfully identified “Drug type” and “Fiber type”
cannabis plants as well as forensic samples including processed materials. Our molecular markers will provide a fast and effi-
cient system for molecular-based identification of the cannabis plant.
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Table I. Primer sequences for THCAS/CBDAS specific markers
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CAAATAACTCCCATATCCAAGCA
ATTGACTAAGTGTGCATCAATA
ACCCTTACGGTGGTATAATGGAG
GGGACACATAAGGAGTCGTA
TTGGGTTAATGAGAAAAATGAGAG
TGCTCCACCACCACGTAA
GCTATGGACCATTGATGAGAAGC
CAGCTCAATTGTCTGCAATCC
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Fig. 1. A schematic diagram of the relative structure of THCAS, CBDAS, CBCAS genes and pseudogenes (WTHCAS/NyCBDAS,
Pseudogene) found in drug and non-drug Cannabis sativa and the location of THCAS/CBDAS specific SNPs. The pseudogenes dis-
covered by BLASTN are indicated by gray bars, and those discovered in the drug type genome (yPK) are under the THCAS gene, and
the above genes discovered in the non-drug type genome (YFN) are under the CBDAS. The nucleotide sequence variation of each
gene is indicated by a vertical line. The primer positions were denoted by arrows and labeled with serial numbers in Table 1.
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Fig. 2. PCR amplification of various samples using allele-spe-
cific molecular markers specific to THCAS and CBDAS. Ten
cannabis samples of drug type and one sample of fiber type vari-
ety, “Cheongsam” were used. M, 100bp DNA size ladder; PC,
primer combinations based on the serial numbers in Table 1.
(A) PCR amplification using two THCAS specific markers. (B)
PCR amplification using CBDAS specific markers. (C) PCR
amplification using multiplex primer pairs. Top, combination
of four THCAS specific primers created three bands. Middle,
Four CBDAS specific primers created two bands. Bottom, two
THCAS specific primers (PK_AS 12 F, PK_AS 13 R) and
two CBDAS specific primers (FN_AS 7 F, FN_AS 13 R)
created single band for drug and non-drug type, respectively.
Primer pairs were denoted at right side of each gel panels.
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Fig. 3. Application of THCAS/CBDAS specific markers to various Cannabis samples. (A) Photo of samples (provided by Supreme
Prosecutors' Office). S1, 19-507 2-2, cannabis chocolate; S2, 19-506 2, cannabis cookie; S3, 19-478 2-2, cannabis seeds; S4, 19-478
1-2, cannabis seeds; S5, 19-363 2-2, forensic sample of cannabis leaves. Only the sample S5 was positive for A9-THC by GC/MS
analysis and the others were negative. (B) PCR amplification using THCAS-specific markers. M, 100bp DNA size ladder; PC,
primer combinations based on the serial numbers in Table 1. (C) PCR amplification using CBDAS-specific markers. Sample 5 seems
drug-type, samples 3 and 4 seems non-drug type, and samples land 2 seems containing both types.
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