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Abstract. Four strains of Cannabis sativa L. were investigateci in order to
test the feasibility of strain characterization by using RAPDs for forensic
purposes. Six individuals per strain and four random primers were
used. UPGMA analysis on thé RAPD fragments showed that individuals
from thé same strains always cluster together, that never a strain is
clustered within another and that within-strain distances are always less
than between strain distances. Therefore, RAPD analysis can be regarded
as an useful tool to characterize and distinguish Cannabis strains.

Riassunto. Sono stati saggiati, mediante lo studio dei RAPD, quattro
ceppi di Cannabis sativa L. alfine di una loro caratterizzazione nelle indagini
forensi. Per questo studio sono stati utilizzati sei individui per ciascun ceppo
e quattro primer. L'analisi dei frammenti ottenuti (UPGMA) mostra che
gli individui dello stesso ceppo formano un gruppo unico e che ciascun
gruppo e nettamente distinto dagli altri. | nostri risultati evidenziano, inoltre,
che lo studio dei RAPD puo essere un valido metodo per caratterizzare
ceppi di Cannabis.
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INTRODUCTION

Law enforcement agencies must identify seized drug materials.
In temperate climates, thé principal drug material is Cannabis
sativa L. (hemp).

Thé standard chromatographic techniques used to analyse
samples of forensic interest require gram amounts of leaf material
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for each sample. This material must be fresh, because cannabinoids
and especially tetrahydrocannabinol (THC) are readily oxidized
(Gillan et al., 1995). The quantities of THC may vary in relation to
thé cultivar tested (Giuliano & Siniscalco Gigliano, 1983), thé
conditions of cultivation (Siniscalco Gigliano, 1984) and the light
intensity (Balduzzi & Siniscalco Gigliano, 1985). Finally, it is
known that the cannabinoids are unstable in many solvents used
for thé extraction (Parker et al., 1974).

Thé authors of the present paper have described a method
to identify unknown samples of piant material as Cannabis
sativa L. This method involves PCR amplification of the trnL intron
of thé chloroplast DNA (cpDNA) in five different accessions of
C. sativa from various geographic areas, as well as in one
accession of Humulus lupulus L., which belongs to the only other
genus of family Cannabaceae (Siniscalco Gigliano, 1995).
The usage of trnL intron, amplified and successively digested
with appropriate restriction endonucleases, has allowed the
construction of a Cannabis profile which can be used in the
forensic investigations for the identification of samples suspected
to be Cannabis.

In the last year rapid and efficient techniques for DNA
analysis have become available, which allow the investigation of
infraspecific genotypic differences not previously noted with either
kinds of analyses. Detection of genetic variatien is essential for
a wide range of comparative studies and caiTaid in assessing
relationship among dose taxa.

Genetic variation, however, may be investigated in order to
find characters which are present in single populations or cultivare
for discriminating purposes. In this regard, the study of genetic
variation may be of interest for the forensic expert.

Random amplified polymorphic DNA (RAPD) provides a very
powerful technique for detecting DNA polymorphisms, as desribed
by Williams et al. (1990). RAPD analysis is based on random
amplification of genomic DNA fragments using short primers of
arbitrary sequence. DNA amplification is achieved by polymerase
chain reaction (PCR). This technique does not depend on
hybridization analysis with radioactively labelled probes, requires
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small amounts of DNA and no prior knowledge of DNA sequences.
The great advantage of RAPD is that it reveals DNA
polymorphism without prior sequencing or other characterisation
of thé genomic DNA concerned. The fingerprint polymorphism
revealed by this analysis can be used for detecting genetic
variation in Cannabis at population or cultivar level (Gilukn et
al.,, 1995) or above (Faeti et al., 1996). In this preliminary study we
test the feasibility of using RAPD techniques for the characterisation
and fingerprinting of different cultivars of C. sativa.

Material and Methods

Plant materials

In thé present study four different cultivars of Cannabis were
used; one from Afghanistan (accession number CPRO-dlo 883271),
one from Nepal (CPRO-dlo 891191) and two from Thé Netherlands
(8S-240 and SS-241).

DNA extraction

DNA was extracted from fresh (0.1-1 g) leaves using a protocol
described by Caputo et al. (1991). Samples were ground in
liguid nitrogen using a small pestle and mortar and a sample not
exceeding a volume of approx. 300 pl was carefully transferred
into a 1.5 mi disposable microcentrifuge tube. Immediately after
thé nitrogen had evaporated, 800 (il of extraction buffer [50 mM
Tris-HCI pH 8.0; 20 mM EDTA pH 8.0; 0.2% bovine serum albumin
(BSA); 1% polyvinylpyrrolidone (PVP) and 0.1% B-mercaptoethanol]
were added to thé tissue powder. Cells were lysed by adding
sodium dodecyl sulfate (SDS) and sodium N-lauroylsarcosinate
to a final concentration of 2% each and incubated for 15 min in
a water bath at 67 °C. Samples were briefly cooled in an ice bath
and proteins were precipitated by adding 0.3 voi 5 M potassium
acetate, followed by 20 min incubation on ice and 20 min
centrifuging in an Eppendorf microfuge at maximum speed
(approx. 14,000 x g) at 4 °C. Thé supernatant was extracted twice
or three times with chloroform-isoamyl alcohol (24:1) and DNA
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was precipitateci by adding 2 voi ethanol and 0.1 voi 3 M sodium
acetate. Samples were briefly frozen in an ultrafreezer and then
centrifuged for 15 min at theé same conditions as above. Thé
pellet was then resuspended in approximately 500 pi redistilled
water. DNA was precipitated again with 1/9 5M NaCl and 20%
polyethylene glycol (PEG-8000) (equal volume). Vials were then
frozen in liquid nitrogen and stored at -80 °C for 30 min. Finally, the
DNA precipitate was collected by centrifuging for 15 min as above,
washed again in 70% ethanol and resuspended in a suitable
volume of redistilled water.

DNA amplification

Thé PCR was carried out in a thermal cycler Perkin Elmer
Cetus 9600. Thé final volume for PCR mixtures was 25|ul and
consisted of 2-10 ng DNA sample, 2.5 gl buffer (500 mM KCI;
100 mM Tris-HCI pH 9; 1% Triton X-100; 25 mM MgClI2), 0.25 gl
primer (0.25 gM), 0.2 mM each of the four dNTPs and 2.5 units
Taq polymerase.

Amplification was carried out for 40 cycles and thé initial
conditions were as follows: 30 sec denaturation at 94 °C, 40 sec
annealing at 35 °C, 1 min extension at 72 °C.

Thé primers employed (Pharmacia Biotech) were:

Primer Sequence
1 5-GGTGCGGGAA-3
2 5-GTAGACCCGT-3
3 5-AAGAGCCCGT-3
4 5-CCCGTCAGCA-3

Electrophoresis and agarose gel

Amplified samples were loaded onto a 1.3% agarose gel
(Boehringer) prepared in 1XTBE buffer (0.09 M Tris-borate, 0.002 M
EDTA pH 8.0) containing 50 ng/ml ethidium bromide and
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electrophoresed at 9 V/cm. The length of thé fragments was
estimateci by using a 100 bp DNA ladder (Promega) as marker.

Initially, only a fraction of each amplified sample was loaded;
afterwards thé samples that presented band variation were selected.
Thé selected samples for each strain were grouped according to
thé primers employed and loaded onto a single agarose gel.

Thé DNA bands were visualized using an ultraviolet light
transilluminator (254 nm) and photographed using 667 Polaroid
film.

Data analysis

Amplified bands were scored as present (1) or absent (0) and
thé data were used to calculate thé genetic similarity between
thé examined strains. Faint bands or bands that were not seen
in repeated amplifications were not included in thé analysis. On the
raw presence/absence matrix a calculation of pairwise distances
was carried out by employing Euclidean distance, as already done
in similar studies (Gillan et al., 1995). Thé resulting square similarity
matrix was then subjected to UPGMA analysis by using thé
NEIGHBOR software of thé PHYLIP package (Felsenstein, 1993).

Results and Discussici

Thé PCR fragments obtained for all samples examined are
reported in Fig. 1 and Fig. 2.

A total of 615 bands were amplified by 4 decarner primers.
Among those, 567 were polymorphic for presence/absence. The
number of bands for each primer varied from 24 to 51, with an
average of 35 bands per primer (Tab. 1). Thé size of the amplified
fragments ranged from 300 to 2200 bp. Thé number of amplified
bands differs among thé four examined strains, ranging from 20
in strain 15 to 47 in strain 21. This variation could be ascribed to
different levels of heterozygosity in thé examined strains; this
could depend upon different strategies of artificial selection
(outcross versus imbreeding) during thé origin and isolation of
thé four strains.
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Fig. 1 - Amplification products of Cannabis sativa samples.
(a) primer 1; (b) primer 2. 100 bp DNA ladder extreme right;
thé bright fragment is 800 bp long.
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Fig. 2 - Amplification products of Cannabis sativa samples.
(c) primer 3; (d) primer 4. 100 bp DNA ladder extreme right;
the bright fragment is 800 bp long.
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Tab. 1 - Primers, sequence, number of bands for strain and size of thé fragments
detected by random PCR amplification of thé samples in study.

Primer Sequence Number of bands for strains Size (bp)

* *

15* 21 58* 60

1 5-GGTGCGGGAA-3 2 12 9 10 350- 1900
2 5-GTAGACCCGT-3 3 10 8 10 400 - 2200
3 5-AAGAGCCCGT-3 1 16 9 15 300- 1700
4 5-CCCGTCAGCA-3 4 9 3 8 600- 1500

Theé origin of each strain are reported in thé material and methods section.

RAPDs, in fact, are presumedly codominantly inherited (Williams
et al,, 1990; Hadrys et al, 1992); this implies that unexpected
increases in thé number of different fragments in one strain may
be interpreted as a consequence of outcrossing.

UPGMA analysis of thé distance matrix (Tab. 2) yielded a
phenogram (Fig. 3), which indicates that PCR amplification using
arbitrary primers clearly differentiates the tour strains. In fact,
members of each strain always cluster together and different
strains always belong to different clusters; moreover, thé within-
strain distances are, for any possible pair of specimens, always
shorter than between-strain distances.

A 1000 bp band was present only in strain 60 (primer 4). By
using different primers which find unique bands in each strain, these
bands may be used as genetic markers for strain recognition or
in future breeding programmes.



Tab. 2 - Euclidean distance between all thé specimens in study.

15A
15B
15C
15D
15E
15F
21A
21B
21C
21D
21E
21F
58A
58B
58C
58D
58E
58F
60A
60B
60C
60D
60E
60F
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Individuale are arbitrarily labelled with a letter (A-F).

0.000
1.732
2.236
1.732
2.828
2.236
4.472
4.899
4.899
5.196
4.472
5.292
4.359
4.359
4.359
4.243
4.472
4.472
5.385
5.292
5.292
5.568
5.657
5.196

1.732
0.000
1.414
2.000
3.317
2.000
4.359
5.000
4.796
4.899
4.359
5.196
4.472
4.690
4.690
4.583
4.796
4.796
5.477
5.568
5.568
5.657
5.745
5.292

2.236
1.414
0.000
2.449
3.000
2.449
4.359
5.000
4.796
5.099
4.359
5.196
4.472
4.690
4.690
4.583
4.796
4.796
5.477
5.385
5.385
5.477
5.745
5.292

1.732
2.000
2.449
0.000
3.317
2.449
4.583
5.000
5.000
5.292
4.359
5.385
4.472
4.690
4.690
4.359
4.583
4.583
5.292
5.385
5.385
5.477
5.568
5.099

2.828
3.317
3.000
3.317
0.000
3.606
4.899
5.477
5.477
5.916
5.099
5.831

4.796
4.796
4.796
4.690
4.899
4.899
5.745
5.657
5.657
5.916
6.164
5.745

2.236
2.000
2.449
2.449
3.606
0.000
4.359
5.000
5.000
4.899
4.359
5.196
4.690
4.690
4.690
4.583
4.796
4.796
5.099
5.196
5.196
5.292
5.385
4.899

4.472
4.359
4.359
4.583
4.899
4.359
0.000
3.742
3.742
4.123
3.464
3.742
5.000
5.196
5.000
5.099
5.099
5.099
5.000
4.690
4.472
4.583
4.899
4.583

4.899
5.000
5.000
5.000
5.477
5.000
3.742
0.000
2.828
3.317
3.464
3.162
5.000
5.000
4.796
4.899
4.899
4.899
4.796
4.690
4.690
4.583
4.899
4.796

4.899
4.796
4.796
5.000
5.477
5.000
3.742
2.828
0.000
3.317
3.742
2.828
4.796
4.796
4.583
4.690
4.690
4.690
4.796
4.899
4.690
4.583
4.899
4.583

5.196
4.899
5.099
5.292
5.916
4.899
4.123
3.317
3.317
0.000
3.873
3.000
4.899
4.899
4.899
4.796
4.796
4.796
4.243
4.583
4.583
4.472
4.359
4.472

4.472
4.359
4.359
4.359
5.099
4.359
3.464
3.464
3.742
3.873
0.000
3.742
4.123
4.583
4.359
4.243
4.243
4.243
4.123
4.243
4.472
4.123
4.690
4.583

5.292
5.196
5.196
5.385
5.831

5.196
3.742
3.162
2.828
3.000
3.742
0.000
5.196
5.196
5.000
5.099
5.099
5.099
4.359
4.243
4.243
4.123
4.472
4.359



Tab. 2 - (Continued).

15A
15B
15C
15D
15E
15F
21A
21B
21C
21D
21E
21F
58A
58B
58C
58D
58E
58F
60A
60B
60C
60D
60E
60F

4.359
4.472
4.472
4.472
4.796
4.690
5.000
5.000
4.796
4.899
4.123
5.196
0.000
3.464
3.464
3.317
3.000
3.000
4.899
5.000
5.196
5.292
5.568
5.292

4.359
4.690
4.690
4.690
4.796
4.690
5.196
5.000
4.796
4.899
4.583
5.196
3.464
0.000
1.414
1.732
1.732
1.732
4.243
4.796
5.000
4.899
5.000
4.690

4.359
4.690
4.690
4.690
4.796
4.690
5.000
4.796
4.583
4.899
4.359
5.000
3.464
1.414
0.000
2.236
1.732
1.732
4.243
4.583
4.796
4.690
5.000
4.472

4.243
4.583
4.583
4.359
4.690
4.583
5.099
4.899
4.690
4.796
4.243
5.099
3.317
1.732
2.236
0.000
1.414
1.414
4.123
4.472
4.690
4.583
4.899
4.583

4.472
4.796
4.796
4.583
4.899
4.796
5.099
4.899
4.690
4.796
4.243
5.099
3.000
1.732
1.732
1.414
0.000
0.000
4.123
4.472
4.690
4.583
4.899
4.583
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4.472
4.796
4.796
4.583
4.899
4.796
5.099
4.899
4.690
4.796
4.243
5.099
3.000
1.732
1.732
1.414
0.000
0.000
4.123
4.472
4.690
4.583
4.899
4.583

5.385
5.477
5.477
5.292
5.745
5.099
5.000
4.796
4.796
4.243
4.123
4.359
4.899
4.243
4.243
4.123
4.123
4.123
0.000
3.000
3.606
3.162
3.000
3.162

5.292
5.568
5.385
5.385
5.657
5.196
4.690
4.690
4.899
4.583
4.243
4.243
5.000
4.796
4.583
4.472
4.472
4.472
3.000
0.000
2.000
2.236
3.162
3.000

5.292
5.568
5.385
5.385
5.657
5.196
4.472
4.690
4.690
4.583
4.472
4.243
5.196
5.000
4.796
4.690
4.690
4.690
3.606
2.000
0.000
2.646
2.828
2.646

5.568
5.657
5.477
5.477
5.916
5.292
4.583
4.583
4.583
4.472
4.123
4.123
5.292
4.899
4.690
4.583
4.583
4.583
3.162
2.236
2.646
0.000
2.236
2.449

5.657
5.745
5.745
5.568
6.164
5.385
4.899
4.899
4.899
4.359
4.690
4.472
5.568
5.000
5.000
4.899
4.899
4.899
3.000
3.162
2.828
2.236
0.000
2.236

5.196
5.292
5.292
5.099
5.745
4.899
4.583
4.796
4.583
4.472
4.583
4.359
5.292
4.690
4.472
4.583
4.583
4.583
3.162
3.000
2.646
2.449
2.236
0.000
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Fig. 3 - Phenogram showing thé relationships among specimens.
Specimens are arbitrarily labelled with a letter (A-F).
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Our findings represent an expansion of previous work by
Gillan and collaboratore (1995). In that paper the authore showed
that RAPD technique allowed thé characterisation of individuals
belonging to a single strain of Cannabis. Other researchers
(Faeti et al., 1996) demonstrated that genetic divereity in Cannabis
may be assessed by using RAPDs, finding on average a low
number of bands per primer. In this paper, we suggest that RAPD
analysis may be usefully employed to characterise different
strains; in addition, by extending thé study to a large number of
different Cannabis accessions, thé preparation of a database of
strain and primer-specific RAPD markere may grant quick identification
of a Cannabis specimen of unknown origin.

Literature Cited

Balduzzi A. & Siniscalco Gigliano G. 1985. Influenza dellintensita
luminosa sull’accumulo di cannabinoli in Cannabis sativa L.
Atti Istituto Botanico e Laboratorio Crittogamico Universita di
Pavia, 4: 89-92.

Caputo P., Stevenson D. W. & Wurtzel E. T. 1991. A
Phylogenetic analysis of American Zamiaceae (Cycadales)
using chloroplast DNA restriction fragment length polymorphisms.
Brittonia, 43(3): 135-145.

Faeti V., Mandolino G. & Ranalli P. 1996. Genetic divereity of
Cannabis sativa germplasm based on RAPD markere. Plant
Breeding, 115: 367-370.

Felsenstein J. 1993. PHYLIP (Phylogeny Inference Package)
version 3.5c. Distributed by thé author. Department of Genetics,
University of Washington, Seattle.

Gillan R., Cole M. D., Linacre A., Thorpe J. W. & Watson N. D.
1995. Comparison of Cannabis sativa by Random Amplification
of Polymorphic DNA (RAPD) and HPLC of cannabinoids: a
preliminary study. Science & Justice, 35(3): 169-177.

Giuliano E. & Siniscalco Gigliano G. 1983. Studi sul contenuto
di THC in vari ceppi di Cannabis sativa L. Bollettino Chimico
Farmaceutico, 122: 436-439.



47

Hadrys H., Balick M. & Schierwater B. 1992 Applicatioris of
random polymorphic DNA (RAPD) in molecular ecology. Molecular
Ecology, 1. 55-63.

Parker J. M., Borke M. L, Block L. H. & Cochran T. G. 1974.
Decomposition of cannabidiol in chloroform solution. Joumal
of Pharmaceutical Sciences, 63: 970-971.

Siniscalco Gigliano G. 1995-1996 (1998). Restriction profiles
of tmL (UAA) intron as a tool in Cannabis sativa L. identification.
Delpinoa, 37-38: 19-29.

Siniscalco Gigliano G. 1984. | cannabinoli in Cannabis sativa L.
a diverse condizioni colturali. Bollettino Chimico Farmaceutico,
123: 352-356.

WILLIAMS J. G. K., KUBELIK A. R., LIVAK K. J., RAFALSKI J. A. &
Tingey S. V. 1990. DNA polimorphisms amplified by arbitrary
primers are useful as genetic markers. Nucleic Acids Research,
18: 6531-6535.

Finito di stampare nel novembre 1998.



