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Abstract Trade and acquisition of Cannabis drugs are illegal
in many countries worldwide; nevertheless, crimes related
with these drugs are a major problem for the investigative
authorities. With this manuscript, we want to introduce a 15
short tandem repeat (STR) Cannabis marker set that can be
amplified in one PCR reaction. This multiplex PCR is specific
to Cannabis species and combines highly informative STR
markers. The 15 STR multiplex is easy to use and was
validated according to common laboratory quality standards.
Due to the fact that a lot of Cannabis plants are cultivated by
clonal propagation and may show aneuploidy, polyploidy or
multiple gene loci, it is not possible to apply biostatistics that
follow the Hardy—Weinberg law. However, this multiplex will
help the police to trace back trade routes of drug syndicates or
dealers and it can help to link Cannabis plants to a crime
scene.
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Introduction

Cannabis species are economic plants used for the produc-
tion of food, fibres, oils and intoxicants [1]. Some of them
belong to the most frequently used illicit drugs worldwide
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and are therefore prohibited by law in many countries [2].
The main psychoactive compound of drug Cannabis is A9-
tetrahydrocannabinol (THC) which can be found in high
concentrations in leaves and inflorescences.

Techniques to distinguish Cannabis on the DNA level
were developed previously by different working groups
[3—7]. Short tandem repeats (STRs) appear to have the best
discrimination ability; nevertheless, none of these groups
tried to combine more than six STRs in one multiplex
PCR. STRs are repetitive sequences of up to six bases at a
defined gene locus, found normally in the non-coding re-
gion of autosomal or gonosomal DNA. They should be
flanked by a conserved DNA region so that it is possible
to create homologues and species-specific primers for PCR
amplification.

The idea of using DNA analysis on Cannabis was first
triggered by the question of whether or not it would be
possible to assign Cannabis samples to specific crime
scenes/Cannabis plantations. It was assumed that this should
be possible in cases in which Cannabis plants were clonally
reproduced from so-called “mother plants”. Due to the fact
that a lot of Cannabis plants are bred by clonal propagation [5]
and may show aneuploidy, polyploidy or multiple gene loci
[8], it is not possible to apply Mendelian inheritance and
Mendelian inheritance-based biostatistics like the Hardy—
Weinberg law.

In recent years, forensic botany has become an interesting
part of forensic molecular genetics [9, 10]. Relying on the
topic of the introduction, this study has the aim to provide a
user-friendly multiplex PCR that contains a high amount of
Cannabis STR systems that have a good discrimination and
multiplexing ability to help the police to trace back trade
routes of drug syndicates or dealers and help them to link
different Cannabis plants to a crime scene.
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Material and methods
Cannabis samples and DNA extraction

Cannabis samples (n=63) were taken from 41 police seiz-
ures and extracted by two different methods. The first extrac-
tion method was based upon the NucleoSpin Food kit
(Macherey-Nagel, Diiren, Germany), following the manufac-
turer’s recommendations. However, the extraction was ac-
complished with 100 mg homogenised plant material instead
of 200 mg plant material. The second extraction method was
based upon the QuickExtract Plant DNA Extraction Solution
(Epicentre Biotechnologies, Madison, WI, USA). Here, it was
not necessary to homogenise the samples coming from leaves
or inflorescence; 1 cm? of plant material was put directly into
100 pl extraction solution. The sample was then incubated at
65°C for 6 min, following 2 min at 98°C.

Some samples, depending on the quality of the first PCR
results, were purified with the Qiagen PCR purification kit
according to the manufacturer’s recommendations. UV-Vis
photospectrometry was accomplished to analyse the DNA
concentration.

PCR primers and multiplex conditions
All samples were analysed at least twice by 15 different

Cannabis multiplex STRs. The PCR reaction mix was run
with 50 ng DNA, if not stated differently, in a total volume

Table 1 Fifteen Cannabis STR multiplex primers

of 14.0 ul. The reaction mix contained 1.50 ul of MgCl,
(50 mM), 0.2 ul of bovine serum albumin, 1.25 ul of
AmpliTaq Gold buffer (10x), 0.15 pl AmpliTaq Gold,
1.25 ul of 10 mM dNTPs and each forward and reverse
primer (changed according to [3, 5-7]) in a final concentra-
tion according to Table 1. The thermocycling started with
10 min at 95°C for the activation of the AmpliTaq Gold
polymerase, followed by 25 cycles of (a) 95°C for 30 s, (b)
60°C for 30 s and (c) 72°C for 45 s. A final extension was
held at 72°C for 30 min.

Validation studies

To test the sensitivity of the multiplex PCR, a short and a
long STR systems, i.e. D02 and B01, were investigated at
DNA amounts of 1,020, 510, 255, 128, 64, 32, 16, 8 and
4 ng per PCR reaction. The DNA was quantified via UV-Vis
photospectrometry.

The drop-out rate was analysed for 1,020, 510, 255, 128,
64, 32, 16, 8 and 4 ng per PCR reaction in three separated
runs. A drop-out was announced when an allele in the STR
system was smaller than 50 relative fluorescence measured
in units (RFU) or missing.

The primer specificity was tested on known drug and
non-drug Cannabis samples, human samples, commonly
traded tobacco, which is a possible contaminant in Cannabis
samples, and H. lupulus, which belongs to the same plant
family like Cannabis.

STR system  Reverse sequence Forward sequence Final primer  Size

amount per

reaction [pm]
E07 CANN1 GTG GTA GCC AGG TAT AGG TAG HEX- CAA ATG CCA CAC CAC CTT C 0.500 105-111
ANUCS 302 ATG GTT GAT GTT TTG ATG GT ROX- AAC ATA AAC ACC AAC AAC TGC 0.375 140-173
H09 CANN2 ACA CAT ACA GAG AGA GCC C -3’ FAM- CGT ACA GTG ATC GTA GTT GAG -3' 0.375 204-224
D02 CANN1 AGA AAT CCA AGG TCC TGA TGG FAM- GGT TGG GAT GTT GTT GTT GTG 0.088 105-111
C11 CANNI TGA ATT GGT TAC GAT GGC G FAM- GTG GTG GTG ATG ATG ATA ATG G 0.125 150-175
BO01 CANN1 CCA TAG CAT TAT CCC ACT CAA G -3' FAM- TGG AGT CAA ATG AAA GGG AAC -3’ 0.500 323-339
B05 CANN1 CCC CAATCT CAATCT CAA CCC -3’ HEX- TTG ATG GTG GTG AAA CGG C -3’ 0.250 235-244
HO06 CANN2 ACG TGA GTG ATG ACA CGA G -3’ HEX- TGG TTT CAG TGG TCC TCT C -3’ 0.125 266-273
B02 CANN2 TGT TTT CTT CAC TGC ACC C -3’ ROX- CAA CCA AAT GAG AAT GCA ACC 0.750 163-172
H11 CANNI CAG CGA ACATTC ACT CTA GCT C -3 FAM- GCA TGT GGT TGT TTC GTA CCC -3’ 0.125 285-297
ANUCS305 AAA GTT GGT CTG AGA AGC AAT HEX- AAA GTT GGT CTG AGA AGC AAT 0.300 141-162
ANUCS 308 TGG TGC AGG TTT ATA CAATTT HEX- AGA TGG TGT TGG GTATCT TT 1.000 177-203
ANUCS 301 TAA CAA AGT TTC GTG AGG GT ROX- ATA TGG TTG AAA TCC ATT GC -3’ 1.500 209-261
CSl1 TAA TGA TGA GAC GAG TGA GAA CG  ATTOS501- AAG CAA CTC CAATTC CAG CC 0.300 134-356
ANUCS 501 AGA GAT CAA GAA ATT GAG ATT CC  ATTOS501- AGC AAT AAT GGA GTG AGT GAA C 0.175 80-95

All sequences are shown from 5'- to 3’-end. HEX, ROX, FAM and Atto501 are the dyes attached to the 5'-end. The final amount of PCR primers per

PCR reaction is given in picomol

F forward, R reverse
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The testing for reproducibility was accomplished with
six drug Cannabis plants in triplicates. From each plant,
DNA extracts from root, leaf and inflorescence were
tested.

Results
DNA extraction

DNA extraction with the QuickExtract Plant DNA Extrac-
tion Solution is a very fast and simple method without
removal of salts or other ingredients which inhibit PCR. It
was not possible to get high quality typing results for the 15
STR multiplex system. Good analysis results and high levels
of DNA ofup to 100 ng per ul were achieved when the DNA
was extracted with the NucleoSpin Food kit (for a represen-
tative electropherogram, see Fig. 1), especially when the plant
material was grinded very well. In 100 mg leaf material,
usually more than 20 ng DNA/ul was extracted in a total
volume of 75 ul.

Sensitivity study

The RFU of both STR systems decreased in a logarithmic
way, from the highest amount of DNA down to the smallest
amount of DNA. The example for BOl of a heterozygous
sample can be seen in Fig. 2. The R* for the regression
models of allele 1 and allele 2 was 0.99.

It is recommended using at least 32 ng of DNA per PCR
reaction to get high quality analysis results with an average
RFU of 600 or higher, especially for long and heterozygous
DNA systems.

Drop-out rate

There were no dropouts with a DNA amount of 32 ng
DNA or more per PCR reaction. With 16 ng DNA per
PCR reaction, we had two drop-outs in three runs over
15 STR-systems, i.e. 4.4 %. With 8 ng DNA or less,
the drop-out rate was higher than 5 % and was falling
below the detection limit of 95 % according to quality
management standards. According to the sensitivity study,
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Fig. 1 Fifteen Cannabis STR multiplex electropherograms. The peaks of the STR systems are labelled with the size and the height. Some
dinucleotide repeat systems like H11 can produce broad shoulders. The sample was run with 50 ng DNA and analysed by GeneScan software
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Fig. 2 Logarithmic regression model for STR system BO1. It is obvi-
ous that there is a small heterozygote imbalance; however, both alleles
have an obvious logarithmic model to calculate the RFU depending on
the template amount of DNA where x is the amount of DNA and y is
the RFU

it is recommended using at least 32 ng DNA per PCR
reaction.

Species specificity

It was possible to get analysis results for drug and non-drug
Cannabis (hemp) plants using the 15 STR Cannabis multi-
plex PCR. However, it was possible to distinguish between
drug and non-drug Cannabis plants by sequencing the tet-
rahydrocannabinolic acid synthase gene (data not shown)
[12, 13].

The human (Homo sapiens) DNA sample was tested with
50 ng DNA, and no amplification products were visible.
Tobaccos from three different cigarette brands were tested,
and in all cases the results were negative. The same was true
for samples of H. lupulus which was verified by Sanger-
sequencing species-specific intergenic parts of chloroplast
DNA and BLAST analysis (data not shown). According to
these results, it is unlikely that DNA from humans, cigarette
tobacco or H. lupulus could contaminate the 15 Cannabis
DNA analysis.

Reproducibility

From each plant, DNA extracts from root, leaf and inflores-
cence were tested and identical results were obtained.

Alleles and genotypes
It was possible to identify 78 alleles and 29 genotypes

across 63 samples from 41 cases. The number of all different
alleles found in the samples ranged from 11 at locus CS1 to

@ Springer

three at loci D02, ANUCS308, B05 and HO6 (see Table 2).
In 22 samples, the common two allele heterozygosity was
not found; instead, three alleles were detected in at least one
STR locus. Similar results were already found by previous
studies [8, 11, 14].

Table 2 Alleles found in 15 STR systems

Allele size
[mer], rounded

Allele size
[mer], rounded

STR system STR system

D02-CANNI1 104 B05-CANNI 239

110 242
113 245
CI11-CANNI1 151 HO06-CANN2 266
154 269
158 272
160 ANUCS501 97
164 102
167 107
176 111
HO09-CANN2 204 CS1 135
207 178
217 189
221 201
H11-CANN1 289 218
292 224
294 253
297 259
302 276
304 282
BO1-CANNI 314 288
321 ANUCS302 136
325 142
328 155
338 158
341 161
345 B02-CANN2 168
349 171
E07-CANNI1 102 173
104 177
108 189
111 ANUCS301 228
ANUCS305 141 231
145 234
148 237
155 240
ANUCS308 185 246
189 249
201 254

The size of the alleles found was rounded
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Discussion

With this manuscript, a 15 multiplex PCR is provided,
giving the chance to analyse the common Cannabis STRs
within one PCR reaction. This method is much faster and
less labour intensive than the small multiplexes known from
the literature. It is possible to use this assay for the analysis
of regional Cannabis populations to help the police trace
back trade routes of drug syndicates or dealers with maxi-
mised genetic information. This assay can also help to link
Cannabis plants to a crime scene like an illegal Cannabis
plantation. Due to the fact that Cannabis plants are mostly
grown by clonal propagation, the limitation of the STR
analysis is finding of DNA profiles that occur more often
than others. Clonal propagation is the reason why it is not
possible to apply Hardy—Weinberg biostatistics. However, it
is possible to collect the different Cannabis DNA profiles
found in a database. It is necessary to discuss the rules by
which a Cannabis DNA profile is put into that database.

Due to the fact that the analysed samples of this study are
real case samples, it was not known whether they are related
or not before they were analysed. That is why the results are
not representative for frequency estimations or the local
Cannabis population. All cases are originating from a period
of 3 months in which they were brought to the analysing
laboratory for THC concentration measurements. According
to the number of alleles, the overall distribution is an inter-
esting aspect because another Cannabis STR study found
the lowest number of alleles for Cannabis STR systems
ANUCSS501 and B02 [6]. Mendoza et al. [7] state that it
was not possible to relate 98 Cannabis samples from 33 US
states to each other. They used a six STR multiplex system
and found 29 different alleles at locus ANUCS305, being
their most diverse locus. The diversity of ANUCS305 in this
study was relatively low, only four different alleles were
found. These results suggest that there are possible geo-
graphic differences, although it may be difficult to predict
the region from which a Cannabis plant was grown. Gilmore
et al. [15] were analysing chloroplast and mitochondrial DNA
loci. They found some Cannabis DNA haplotypes that may
assist in the prediction of geographic origin, but they also
recommended analysing more Cannabis STR loci to facilitate
the prediction of geographic origin.

Some of the Cannabis samples had an identical profile,
and they were coming from the same case, i.e. they were
confiscated at the same crime scene. This suggests that these
plants are bred by clonal propagation, which is a common
technique to cultivate cuttings of mother plants that have a
high potential for THC production. With this multiplex
PCR, it is very well possible to exclude if two single plants
are bred from the same mother plant or not. Nevertheless,
one genotype was detected more often than other genotypes,
even in different cases. More than one-third of all samples

had this genotype (Fig. 1). This may be by chance, but more
probably this is due to the fact that there is/was a very
potential mother plant where a lot of daughter plants are
derived from. These daughter plants now are themselves
mother plants. The occurrence of one frequent genotype
was also confirmed by the study of Howard et al. [6]. In
55 % of their Cannabis, samples they found an identical
DNA profile.

Some Cannabis plants showed multiple alleles in at least
one STR locus. Knight et al. [8] mentioned a reason for
multiple alleles. They investigated the yield of Cannabis
crops, and the genetic profiling was tested in three growing
cycles of six different plants. Five Cannabis STR markers
(ANUCS301, ANUCS302, ANUCS303, ANUCS304 and
ANUCS306) were used to create genetic profiles. One plant,
morphologically indistinguishable from the others, showed
a tri-allelic pattern at two loci (ANUCS302, ANUCS303).
Here, interbreeding could be excluded and the authors sug-
gested the occurrence of polyploidy or locus duplication.

Adams et al. [16] wrote that polyploidy can be found in
57-70 % of flowering plants. However, polyploidy may also
be induced artificially with colchicine treatment [17]. Col-
chicine is a toxic substance extracted from the roots of a
certain Colchicum species. It inhibits cell mitosis, resulting
in larger daughter cells with multiple chromosome sets. De
Pasquale et al. [18] conducted studies where Cannabis
plants were treated with colchicine which led to a THC
increase of 166-250 %. These observations suggest that
colchicine treatment of Cannabis is a common method to
obtain polyploidy plants that produce high levels of THC.
Another recent study [19] found that aneuploidy and the loss
or gain of one chromosome can be induced by more than
400 substances. An actual study found that locus duplication
may be a common part of plant evolution [20].

The detection of multiple alleles, clonal propagation and
selective breeding makes an estimation of allele frequencies
for Cannabis STRs extremely difficult (see also [19]). In
2005, an article by De Silva et al. [21] discussed the esti-
mation of allele frequencies in polyploidy plants under
certain patterns of inheritance. According to that article,
horticulture plants often show polyploidy, but microsatel-
lites cannot predict the number of alleles within these plants.
The occurrence of polyploidy complicates the calculations
of allele frequencies and the relative frequency of Cannabis
DNA profiles. For future research, it is very important to
know the reason for multiple alleles in Cannabis species.

In conclusion, this assay will be of help for the police to
get genetic information of Cannabis plants. The police can
use that information to link plants to a crime scene or to
trace back trade routes of crimes related with Cannabis. For
that reason, the Cannabis DNA profiles can be stored in a
database to facilitate the search for identical plant profiles.
However, finding identical Cannabis DNA profiles will also
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limit the forensic application. The mode of breeding Can-
nabis plants by clonal propagation does not allow applying
Hardy—Weinberg biostatistics and frequency estimations.
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