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Establishing the rDNA IGS Structure

of Cannabis sativa®

ABSTRACT: The rDNA intergenic spacer (IGS) structure of Cannabis sativa was established and can be used for classification and identification
of this species. In this study, DNA fragments of rDNA IGS were amplified by PCR from Cannabis sativa plant extracts and a 1387 bp fragment was
obtained. DNA sequence analysis revealed six different repeat motifs. In the middle of the IGS sequence, there were three sequence motifs, and the
same three sections of DNA were then repeated with minor variation in sequence. The terminal region of the IGS was composed of another three
different repeat units; multiple copies of these terminal repeat motifs were present in no discernible order. Within six repeat motifs, point variations
were observed in five. The DNA sequence of the locus was compared with all the plant sequences registered in GenBank by the Fasta program of
GCQG software with the result that this DNA fragment was significantly different from any other DNA sequence recorded to date. The most similar
sequence was that of Hops (Humulus lupulus), but with a similarity of only 88.9% over 579 bp. These specific and complex variations of IGS may

be related to the species and geographic distributions.
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The analysis of DNA polymorphisms is used widely in botanical
studies for the analysis of phylogeny, classification, genetic relation-
ship, species identification, and even plant individualization. The
techniques in molecular analysis of plants usually involve whole
genome studies such as RFLP (restriction fragment length poly-
morphism) (1), RAPD (random amplified polymorphic DNA) (2),
or AFLP (amplified fragment length polymorphism) (3). Addition-
ally there are allele-specific markers, either coding or non-coding
regions, such as rbcL (large subunit of ribulose-1,5-bisphosphate
carboxylase) (4), ITS (internal transcribed spacer) (5), IGS (inter-
genic spacer) (6) and microsatellites (7,8). The rDNA IGS (ribo-
somal DNA intergenic spacer), separating the 26S and 18S rRNA
coding regions, is typically composed of reiterated subrepeats (9)
and differences in the number and sequence of these subrepeats
are related to most of the length variation between rDNA repeat
units within closely related species, among populations, and even
between individuals (10).

Species identification and origin determination of the plant
Cannabis sativa (C. sativa) are a major issue in forensic science.
Identification of C. sativa has long been based on the observation
of cystolithic hairs on the leaves (11). The legal requirement in
most countries is to confirm the presence of cannabinoids (12-16).
DNA polymorphism tests have been used to determine not only
the presence of cannabis but also their possible geographical ori-
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gin (17-23). Among these tests, RAPD can provide an indication
of whole genome variation at both species and population level
(17), but it has been superseded by tests of specific sequence due
to problems with reproducibility. Among the specific markers, the
internal transcribed spacer (ITS) I and II of nuclear ribosomal DNA
and intergenic spacer region of chloroplast DNA (trnL-trnF IGS)
provides species-specific identification and some polymorphic in-
formation (18-23). The highly polymorphic STR loci predict the
genetic relationship (24,25). Due to the high degree of variability
in the structure of rDNA IGS, this locus provides a possible source
of variation among related species, within species of the same pop-
ulations, and even within individual plants (26-30). In order to
apply the use of the polymorphic rDNA IGS to the classification of
C. sativa, the structure of rDNA IGS was established in this
study.

Materials and Methods
Sample Preparation and DNA Extraction

A leaf sample was provided by a prosecutor from a drug traf-
ficking case in Taiwan. Approximately 10 mg of leaf tissue was
pulverized under liquid nitrogen in a mortar and pestle. The pow-
der was transferred to a 1.5 mL microcentrifuge tube and DNA
was extracted by a commercial kit (Plant Genomic DNA Miniprep
System, Viogene, Shijr, Taipei, Taiwan). The isolated DNA was
quantified with 0.7% agarose gel electrophoresis and also by ultra-
violet detection using a spectrophotometer. The sample was stored
at —20°C until used.

rDNA IGS Amplification

A forward primer on the 3’ end of 26S and a reverse primer
on the 5’ end of 18S of rDNA sequences (22) were designed to
amplify the IGS DNA of the plant extracts. The sequences of the
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forward and reverse primer were 5'-AGGTTAGTTTTACCCTACT-
3’ and 5-GCAGGATCAACCAGGTAGCA-3', respectively. PCR
amplifications were performed in a 50 pl. volume containing
0.3 uM each of primer, reaction buffer (10 mM Tris-HCI, pH 8.3,
2.5 mM MgCl,, 50 mM KCl, 0.1% (w/v) gelatin), 250 uM dNTP,
2.5 unit of VioTaq DNA polymerase (Viogene) and 10 ng of ge-
nomic DNA. The PCR amplifications were conducted in a 2400
Perkin-Elmer thermal cycler with the following conditions: denat-
uration at 94°C for 1 min, annealing at 50°C for 1 min and extension
at 72°C for 6 min for 40 cycles, and followed by a 30-min extension
at 72°C.

PCR Products Cloning and Sequencing

PCR products were separated by agarose gel electrophoresis. A
DNA fragment of about 1.5 kb was found and eluted by agarose
gel purification kit (Gel Extraction System, Viogene). The purified
DNA fragments were ligated to a pSTBlue-1 vector (pSTBlue-1
AccepTor Vector Kit, Novagen, San Diego, CA). The colonies were
screened by PCR with T1 (5-GCAGACGCGTTACGTATCGG-
3’) and T2 (5-CTAGCCTAGGCTCGAGAAGC-3') primers. T1
and T2 primers were designed according to the sequences of the
pSTBIlue-1 vector. Sequencing of the PCR products was performed
using the T1 primer or T2 primer and the BigDye™ Terminator Kit
(ABI PRISM™ BigDye™ Terminator Cycle Sequencing Ready
Reaction Kit, Applied Biosystems, Foster, CA). The cycle sequenc-
ing products were separated with 5% denatured Long Ranger™ gel
(FMC BioProducts, Rockland, ME) and detected by an ABI 373A
DNA sequencer.

Sequence Confirmation

The sequencing results were confirmed by re-performing the PCR
and sequencing of two partially overlapping fragments. The primers
were designed according to the above sequencing results. The se-
quences of two primer sets were 5'-AGGTTAGTTTTACCCTACT-
3'/5'-AAACTGGGTACATGGACACC-3' and 5'-TCCATCAACA-
CAAGTTGCGG-3'/5'-GTTATCCGAGTAGCAGATACC-3'. The
conditions of PCR amplifications were similar to the previous
descriptions. A single primer of each primer set was used for
sequencing.

Sequence Analysis

The DNA sequence was compared with all the plant sequences
registered in the GenBank by Fasta program of GCG software
(Wisconsin Package Version 10.3, Accelrys Inc., San Diego, CA).
The repeat sequence was searched manually.

Results

One DNA fragment (1387 bp, Fig. 1) containing the PCR products
of rDNA IGS of C. sativa was cloned and sequenced.

Repeat motifs were observed within the sequence of the IGS
locus. Six different repeat motifs were identified within the DNA
sequence of IGS clone. These repeat units were assigned with a
letter from A to F, with the sequence and repeat structures shown in
Table 1. Within these repeat motifs, point variations were observed
in five of them. The repeat units were named with serial numbers.
The positions and types of the repeat motifs are presented in Fig. 2.
In the middle of the IGS sequence there were three sequence motifs,
one being 25 bases in length (A repeat unit), another 33 bases in

1 AGGTTAGTTT TACCCTACTG ATGACAGTGT CGCCATAGTA ATCAACCTAG
51 TACGAGAGGA ACCGTTGATT CGCACAATTG GTCATCGCGC TTGGTTGARA
101 AGCCAGTGGC GCGAAGCTAC CGTGCGCTGG ATTATGACTG AACGCCTCTA
151 AGTCAGAATC CGGGCTAGAA ACGACGCATG CGCCCGCCGT CCGTTTGCCG
201 ACCTGCAGTA GGGGCTTCGG CCCCARAGGC ACGTGTCGTT GGTGAAGCTC
251 GCACAGCGGA CAAGTTGTGC GGGCCGCCTT GAAGTACAAT TCCTACCGAA
301 CGGCGGGTAG AATCCTTTGC AGACGACTTA AGTACGCGAC GGGGTATTGT
351 AAGTGGCAGA GTGGCCTTGC TGCCACGATC CACTGAGATT CAGCCCTGTG
401 TOGCTCAGAT TCOGTCCCTCC CCCTTTTTCA TAACAACACA CTTCAAGGCC
451 TGAGGTATCA AGGTGTTGTG GTGCTTCCAT CAACACAAGT TGCGGCCGTA
501 GCAATAACAT ATGAGCTCTT TCCCTTTGGG ACTTGATATG CAAGCCARRG
| > 2 < |
551 TGTTGGETCGE GTTCAACAAA AGACTTAGTC CGAAAAATAA TTTTTTCCTG
Bl < 1 | b c1
601 TGTTGTTCAA TAATATGTGT CCTCTTTCCC TTTGGGACTT GATATGAGCC
«—] I > o < |
651 TCARAAGTGT TGGTCGGGAA CAACAARAGA CTTAGACCGA ARAATAATTT
B2 < | | > c2
701 TTTTCTGTGC TGTTGATATA GGTGTCCATG TACCCAGTTT GGCATTGGTG
751 CACCAAAGTA TGTGGGCTTT CATGCCTAARG TTCACCACAC TCCCATTCAC
801 TGCCTTGGCG CACCACGCTT GAATGAACAC GCATCACAMAA AAGGTTATCA
B51 CGCCCATTAC GGAACCCTTG TTGTGCGGTT ATGACACGGC CTTGTTGTCA
901 CTTGGTGCGC TAAGAGTGGE TGCACAGTGC CCTTGTTGTG CCTTGGTGCA
DI —| }—» El
951 GTAAGAGTGG GTGCACATAT GTCTACAGAG AAAAATTCAT CTATGTTCCT
f—> p2 +—
1001 GGCAGAGGCT TAARAGCCCA TATTGCTCTT TAGGGGGGTG AGCTGGGAGG
1051 GTCACCACAC TGCACCCACA CGTGAGGTTA ACTGACGCCC TTGTTGTGCC
} > F1 < | >  E2
1101 TTGGTGCGCT AAGAGTGGGT GCACATTGCC CTTGTTGTGC CTTGETGCGC
«—Ff—> p — |—> E2
1151 TAAGAGTGGG TGCACAATGC ACCCGCAAGT GAGGTTAACA GAGACCCTTC
> Dl —)—» F2
1201 TTGTGCCTTG GTGCACTAAG AGTGTGTGCA CATTGGACTA AGAGTGGGTG
E3 <—f—>» D3 <] F—> o1
1251 CACAGTGCAC CCACAAGTGA GGTTAACAGA GEBCCCTTGTT GTGCCTTGGT
F3 «——» El
1301 GCACTGAGAG TGTGTGCACA GTGCACCCAC ATGTGATGAT CTGCATCTTG
D4
1351 CGGCGTCCCC GAATGAGTGC TACCTGGTTG ATCCTGC

FIG. 1—The rDNA IGS of Cannabis sativa. The primer sequences are
underlined. The possible repeat sequences are shadowed and labeled under
the sequences.

length (B repeat unit), and a third 29 bases in length (C repeat unit).
The same three sections of DNA were then repeated once with
minor variation in the DNA sequence. The terminal region of the
IGS is composed of another three different repeat units, 17 bases
in length (D repeat unit), 22 bases in length (E repeat unit), and 27
bases in length (F repeat unit). Multiple copies, which were 7, 5
and 3 copies of D, E and F repeat unit, respectively, were present
but in no discernible order. The pattern of repeat units in the middle
part of IGS was AB1C1 and then AB2C2. The repeat units in the
terminal part of IGS showed no discernible pattern of distribution,
rather repeat motifs D, E and F were present in a random order (D1,
E1D2, FIE2D1, E2D1F2E3D3, and then D1F3E1D4).

The DNA sequence of 1387 bp was compared with all the plant
sequences registered in GenBank by Fasta program of GCG soft-
ware. The results showed that the most similar sequence was Hu-
mulus Iupulus, but the similarity was only 88.9% in 579 bp. This
similarity existed mostly in the 5'-flanking region (3’ end of 26S
rDNA). By comparing with the sequence of Humulus lupulus (ac-
cession number AF223066), the result showed that the total length
of Cannabis IGS was 984 bp, from position 387 to 1370 in Fig.
1. Position 1 to 386 and 1371 to 1387 represented the sequences
of 26S rDNA and 18S rDNA, respectively. Until now, the lengths
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FIG. 2—Possible repeat sequence structure of rDNA IGS of Cannabis sativa.

TABLE 1—Sequences of the repeat unit identified in rDNA IGS of
Cannabis sativa. (Note: The highlights point out positions of sequence
variations.)

Name of

repeat Length Sequences

unit

A 25bp CTCTTTCCCTTTGGGACTTGATATG

Bl 33bp CBAARGTGTTGCTCGGCEICAACARRAGACTTA
B2 33bp CBAAARGTGTTGGTCGGCACAACAAARGACTTA
Cl 29bp CCGAAAAATAATTTTTTRCTGTGHTCTTE

Cc2 29bp CCGARAAATAATTTTTTRCTGTGRTGTTE

DI 17bp BTRAGAGTGEGTGCACA

D2 17bp ERAcAGTIEGTGCACA

D3 17bp EAGAGTARGTGCACA

D4 17bp ETEAGAGTGRGTGCACA

El 22bp [ECcCCTTETTGTGCCTTGETCCR

E2 22bp [€CCCTTETTGTGCCTTGETGCE

E3 22bp BCCCTTRTTGTGCCTTGETGCR

F1 27bp BrccaccclcrBGTCAGCTTAACHGRE

F2 27bp BrccacccBcrBeTGAGGTTAACHGRE

F3 27bp ErccaccclCrRGTCAGGTTAACRGAE

of reported botanic rDNA IGS are from 1 to 12 kb; therefore, the
C. sativa IGS is relatively short in length.

Discussion

The repeat sequence structure, shown in Fig. 2, was similar to
the reported structure of other plant rDNA IGS (26-30). While the
structure of the IGS in C. sativa showed some similarities to other
plants, the sequence of this locus was greatly different from that of
any other plant.

The typical transcription initiation site (TLS), TATA(G)TA(N)
GGGG, could not be determined by comparison with other re-
ported sequences (29). Therefore, it will be necessary to deter-
mine the exact TIS by S1 nuclease mapping. Another possibility
is that this is just a non-functional pseudogene, so the TIS was not
observed.

These specific and complex variations of IGS may be related to
the species and geographic distributions. The sequence structure of
rDNA IGS of C. sativa provides a potential means of classification
and identification among different cultivars and even within indi-
vidual plants, making it a valuable locus in the establishment of the
population data of different accessions or origins of cannabis.
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