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Study on a PCR-based analysis method for identification of Cannabis sativa

and detection of cannabis DNA in hemp oils

Satomi AKIMOTO*, Ken OKAMOTO#*, Toshinori ANDO¥*, Yoshihisa IKEDA*, and Naoki KURASHIMA*
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In this study, a PCR-based analysis for discrimination of Cannabis sativa (C. sativa) from Humulus lupulus was examined

using newly designed primers from a chloroplast trn L—F region and the known cannabis-specific primer (cp-Can). As a

result, we found that the PCR-based analysis can identify C. sativa by selectively producing its amplicons. Furthermore, the

results of nested PCRs using the primers above suggested that trace amounts of C. sativa DNA in hemp oils could be

detected.
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Table 1 Nucleotide sequences of primers used in this study

name

Sequence 5°-3”

common primers  cannabisF1” GCAATCCTGAGCCAAATCCG
for C. sativa and  cannabisF2" AATCCTGAGCCAAATCCGGT
H. lupulus cannabisF3” AACAAATGGAGTTGGCTGCG
cannabisF4 CAAATGGAGTTGGCTGCGTT
cannabisF5” AAACAAGGATTCAGAAAGCAAT
cannabis_uniF1¥ CGAAATCGGTAGACGCTACG
cannabisR1” GGTCATTCAGGTCCGGTTGT
cannabisR2” TACCAACTGAGCTACCCCGA
cannabisR3" CCACTAACGGAATGAGAGGA
cannabis_uniR1?  ATTTGAACTGGTGACACGAG
primerDS) GGGATAGAGGGACTTGAAC
C. sativa-specific  cp-Can” GAGTTGGCTGCGTTAATCCG

primer

*primers newly designed in this study
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Fig. 1 Schematic representation of trnL-trnF region from Cannabis sativa (C. sativa) and Humulus lupulus (H. lupulus) and the priming sites of primers used for

PCR amplification.



Table 2 Primer pairs with annealing temperatures and expected lengths of
PCR products

. . . T L h of PCR i
Forward primer _ Rivers primer emperature  Length of PCR production

setting (C.sativa/H.lupulus)
cannabisF1 cannabisR 1 490 bp /579 bp
cannabisF1 cannabisR2 677 bp /770 bp
cannabisF2 cannabisR1 489 bp / 578 bp
cannabisF3 cannabisR2 58 °C 575bp /674 bp
cannabisF4 cannabisR1 386 bp /484 bp
cannabisF5 cannabisR3 400 bp / 495 bp
cannabis_uniF1 cannabis uniR1 819bp /914 bp
cannabisR1 63 °C 380 bp
cannabisR2 63 °C 566 bp
cp-Can cannabisR3 60 °C 323 bp
primerD 60 °C 280 bp
cannabis_uniR1 58°C 605 bp
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Table 3  Yields and purities of DNAs extracted from C. sativa leaves, H.
lupulus strobilus and hemp oil

Method of Total DNA (ug) Az@o/Azgo
extraction

100 mg of CTAB 180.7 1.6

C. sativa leaves

100 mg of a CTAB 89.7 1.9

harb tea sample

(H. lupulus)

160 mg of Hemp oil Kit 1.2 1.0
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Fig. 2 Result of PCR amplifications using sets of common primers for C. sativa and H. lupulus: (A) cannabisF1 and cannabisR1, (B) cannabisF1 and
cannabisR2, (C) cannabisF2 and cannabisR1, (D) cannabisF3 and cannabisR2, (E) cannabisF4 and cannabisR1, (F) cannabisF5 and cannabisR3, and (G)
cannabis_uniF1 and cannabis_uniR1.

Lane 1, C. sativa leaves; Lane 2, H. lupulus; Lane 3, water (negative control); Lane M, 100 bp DNA ladder marker.

—J7, Fig3 \ORT LI, KIREFFRNT T A ~— & KIKE - R ENT-. % PCR EWNOE SRS HOWT
Ry THET T A ~v—% A EDETITo7 PCR TiE, Sy DDBJ @ BLAST CHRIMMEREZIT o 12/ER, Wb KKk (C
(Lane 2) 51330 RAKE ST, KIRE (Lane 1) OFR sativa) & EWFREM (97%LL F) AR LT,

Fig. 3 Result of PCR amplifications with primer combinations (A) cp-Can and cannabisR1, (B) cp-Can and cannabisR2, (C) cp-Can and cannabisR3, (D)
cp-Can and primerD, and (E) cp-Can and cannabis_uniR1.
Lane 1, C. sativa leaves; Lane 2, H. lupulus; Lane 3, water (negative control); Lane M, 100 bp DNA ladder marker.
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Fig. 4 Result of Ist PCR amplifications using primers cp-Can and
cannabis_uniR1.
Lane 1, 0.1 ng C. sativa DNA; Lane 2, 0.5 ng C. sativa DNA; Lane 3, 1
ng C. sativa DNA; Lane 4, 3 ng C. sativa DNA; Lane 5, 5 ng C. sativa
DNA; Lane 6, 7 ng C. sativa DNA; Lane 7, 10 ng C. sativa DNA; Lane
8, water (negative control); Lane M, 100 bp DNA ladder marker.
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Fig. 5 Results of 2nd PCR amplifications using primer sets of (A) cp-Can and cannabisR1, (B) cp-Can and cannabisR2, (C) cp-Can and cannabisR3, and (D)

cp-Can and primerD.

Lane 1, 10 ng C. sativa DNA; Lane 2, 0.1 ng C. sativa DNA; Lane 3, 0.07 ng C. sativa DNA; Lane 4, 0.05 ng C. sativa DNA; Lane 5, 0.03 ng C. sativa
DNA; Lane 6, 0.01 ng C. sativa DNA; Lane 7, 5 pg C. sativa DNA; Lane 8, water (negative control); Lane M, 100 bp DNA ladder marker.
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Fig. 6 Result of nested PCR amplifications using DNA extracted from a hemp oil sample with primer sets of (A) cp-Can and cannabisR2 and (B) cp-Can and

primerD.

Lane 1, hash oil sample; Lane 2, C. sativa leaves; Lane 3, H. lupulus; Lane 4, water (negative control); Lane M, 100 bp DNA ladder marker.
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