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Cannabis sativa L. is a multiple-use plant. However, its 
cultivation is strictly controlled due to its psychoactive 
nature and usage in producing drugs such as 
marijuana, and hashish. In this study, psychoactive type 
Cannabis samples,  which were seized from  29 different 
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 locations of Turkey, were used. Interests were to 
identify the genetic relatedness of the seized samples 
and to partition molecular variance between and within 
populations. Randomly Amplified Polymorphic DNAs 
were employed for analysis based on single plant  
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material and bulked samples of them. Data were 
analysed via cluster and principal coordinate analyses 
(PCoA). Analysis of molecular variance (AMOVA) was 
performed to obtain variations between and within 
populations. Cannabis accessions were basically 
separated into two main groups by PCoA and cluster 
analyses according to geographical regions. One of them 
was made up of Cannabis plants, which were seized 
from mostly western part of Turkey (group 1). The 
other one was made up of Cannabis plants that were 
seized from mostly eastern part of Turkey (group 2). It 
is found that 20.23% of the genetic variation is due to 
differences between accessions groups while 79.77% of 
the genetic variation is due to between accessions within 
accessions groups. Compared to group 1, group 2 
showed more variation. 

Cannabis sativa L. is thought to have originated from the 
Central Asia region and has since been distributed 
worldwide by humans (Small and Cronquist, 1976). It is a 
plant that provides food and oil from its seeds, fiber for 
rope, fabric from its stems, and psychoactive drugs from its 
flowers and leaves. Hemp seeds oil can also be used for 
fuel and as raw material for plastics (Ranalli and Venturi, 
2004) as well as feed for livestock or as a fertilizer (Karus 
and Vogt, 2004).  

Beside the economical properties, mentioned above, some 
varieties of Cannabis have psychoactive potency as well. 
Cannabis plants that contain low Δ9-tetrahydrocannabinol 
(THC), a low THC:Cannabidiol (CBD) ratio and are 
cultivated for fiber and/or achenes (e.g. seeds) are called 
hemp. On the other hand, Cannabis plants that have high 
THC content, high THC:CBD ratio and are used for their 
psychoactive potency are known as marijuana (Alghanim 
and Almirall, 2003; Elsohly and Slade, 2005; Hillig, 2005). 
For hemp, EU has assigned the upper levels of THC and 
CBD to THC ratio as 0.2% and 2%, respectively.  

In many countries, including Turkey, possession and 
cultivation of Cannabis was either ceased or limited 
because of its potential use as a drug. When samples of 
suspect materials are recovered, they must be tested for the 
presence of controlled substances (e.g. marijuana). In 
addition to the identification of marijuana samples, it is 
desirable but difficult to link individual growers and 
distributors to specific illicit field and greenhouse 
operations. Molecular genetics may offer solution in 
identification and individualisation via investigating the 
genetic relatedness between individuals/populations. 

Jagadish et al. (1996) were able to distinguish between the 
samples from distinct sources in a randomly amplified 
polymorphic DNA (RAPD) assay conducted with 51 C. 
sativa samples. Genetic analysis using in combinations of 
RAPD and restriction fragment length polymorphism 
(RFLP) methods were also found to be useful in 
distinguishing between drug type, fiber type and 
intermediate drug type strains (Shirota et al. 1998). Hakki 

et al. (2003) used RAPD and amplified fragment length 
polymorphisms (AFLP) markers to fingerprint the 18 
different Cannabis individuals from five different locations 
representing 3 geographical regions of Turkey. In another 
study, it was reported that it was possible to discriminate 
illegal, potent marijuana cultivars from hemp plants by 
using AFLP markers (Datwyler and Weiblen, 2006). In a 
preliminary work conducted with three strains of C. sativa 
from different sources, Kojoma et al. (2002) reported that 
different samples were identified by means of inter simple 
sequence repeats (ISSR). In a recent study by using ISSRs 
marijuana (Cannabis sativa L.) was separated efficiently 
from hemp (Hakki et al. 2007).  

Gillan et al. (1995) reported the differentiation of C. sativa 
samples with the use of RAPDs when HPLC analysis was 
inefficient. Faeti et al. (1996) assessed genetic diversity of 
C. sativa cultivars/accessions (from 5 European countries, 
and one accession from Korea) by using RAPD markers 
and high levels of polymorphism were reported. In a study 
of genetic structure and degree of variability of six C. 
sativa L. varieties via RAPD markers, it was reported that 5 
varieties were properly identified with the scored loci 
(Forapani et al. 2001). Hsieh et al. (2003) investigated the 
usage of short tandem repeat (STR) loci in identification of 
Cannabis samples and predicting their genetic relationship. 
Alghanim and Almirall (2003) were developed STR 
markers for Cannabis. They reported that STR markers 
were very effective in uniquely identifying 27 profiles of 
the Cannabis samples tested and useful for DNA typing 
and genetic relatedness analyses. Gilmore and Peakall 
(2003) isolated microsatellite markers in Cannabis sativa L. 
which have utility for characterizing genetic diversity in 
cultivated and naturalized Cannabis populations. Gilmore 
et al. (2003) reported that STR markers are capable of 
discriminating among individuals and varieties of 
Cannabis. 

RAPD markers were used to individualize Palo Verde tree 
in a criminal case (Yoon, 1993) and strawberry in a civil 
case (Congiu et al. 2000). In both cases the method has 
been accepted in court although, in the Palo Verde tree case 
the statistical significance was not used since the 
representative population consists of too few samples. 
Congiu et al. (2000) employed RAPD markers for 
individualization of strawberry because of its two main 
advantages: it allows random sampling of markers over 
whole genomic DNA and does not require any previous 
information on the genome of the organism under 
investigation.  

Although RAPD marker analysis has reproducibility 
problem, it is inexpensive, simple to perform, and has 
moderate ability to distinguish between unrelated 
individuals compared to AFLPs and STRs (Coyle et al. 
2003). Therefore, the method can still be useful for 
individualization of Cannabis samples in the developing 
countries that have very limited lab facilities but majority 
of Cannabis production occur. 
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Table 1. Cannabis accessions used in the study and their origin.

 
Sample IDa Paralel IDb Settlement seizedc Provinced 

C1 3102 Tekirdag Tekirdag 

C2 492784175 Geyve Sakarya 

C3 04-62927/5432 ND Tekirdag Tekirdag 

C4 05/002598/315 Edirne Edirne 

C5 04/409/5782 Susehri Sivas 

C6 058576/5057 Tekirdag Tekirdag 

C7 056012/4833 Kocaeli Kocaeli 

C8 065364/5645 Golcuk Istanbul 

C9 4243-2 Ferizli Sakarya 

C10 4243 Ferizli Sakarya 

C11 2075/1 Salihli Manisa 

C12 758/9 Izmir Izmir 

C13 847/1-C-1 Denizli Denizli 

C14 677/2 Didim Aydin 

C15 315/2 Aydin Aydin 

C16 676/2 A Didim Aydin 

C17 04 4047 Osmaniye Osmaniye 

C18 AT 05/1458 Kadirli Osmaniye 

C19 AT 05/678 Gaziantep Gaziantep 

C20 AT 04/4114 Dortyol Hatay 

C21 AT 04/3933 Gaziantep Gaziantep 

C22  Bingol Bingol 

C23  Elazig Elazig 

C24  Malatya Malatya 

C25  Rize Rize 

C26  Ardesen Rize 

C27  Akcaabat Trabzon 

C28  Trabzon Trabzon 

C29  Arsin Trabzon 

a Sample name used in this study, bFile code in seized samples (if available), cThe region where sample was seized, dProvincial 
location where sample was seized. 
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The objectives of the present study were: 1) to analyze the 
high number of seized Cannabis samples by means of 
RAPD, 2) to compare two different approaches (in the first, 
a single plant represents an accession and in the second, a 
set of ten different plants of the same accession bulked 
equally represent the specific accession) for individualizing 
Cannabis accessions, 3) to obtain information on the 
genetic variation and relatedness which might be a useful 
information about the sources and distribution networks of 
these illicit substances. 

MATERIALS AND METHODS 

Plant material 

Psychoactive Cannabis samples used in this study were 
seized from 29 different locations (C1-C29) representing 
geographically distinct and problematic areas of Turkey 
(western and eastern parts). Some of the materials, used in 
this study, were previously also utilized for discriminating 
drug type Cannabis from hemp types (Hakki et al. 2007). 
All the information relevant to the seized samples and 
accessions are shown in Table 1. Provincial locations of the 
seized Cannabis accessions are shown on a map of Turkey 
in Figure 1. Ten seeds were planted from each accession to 
produce material for DNA extraction. Plants were grown in 
a fully automated greenhouse. 

DNA extraction from leaf  

Leaves collected from three week old seedlings were 
shock-frozen in liquid nitrogen and stored at -80ºC until 
DNA isolations were performed. DNAs were extracted 
individually from a total of 290 samples. Total DNAs of the 
samples were extracted using a standard 2X CTAB protocol 
with minor modifications (Rogers and Bendich, 1988). For 
each accession, 100 mg of leaf sample from 10 different 
plants were used and DNAs were isolated individually. 
After concentrations were determined by an Eppendorf 
BioPhotometer, sample DNAs were diluted to the working 
concentration of 20 ng/µL.  

PCR amplification of the DNA with RAPD primers 

In this study, 22 arbitrary RAPD primers that gave the most 
informative patterns (in terms of repeatability, scorability 
and the ability to distinguish between individuals) were 
selected for identification (Table 2). Each reaction 
contained 2.5 mM MgCl2; 10 mM Tris-HCl (pH 8.8); 50 
mM KCl; 0.8% Nonidet P40; 200 mM of each of the 
dNTPs; 0.5 µM primer; 20 ng DNA template and 0.3 units 
of Taq DNA Polymerase (Bioron) in a final reaction 
volume of 25 µl. After a pre-denaturation step of 3 min at 
94ºC, amplification reactions were optimized for every 
individual primer and optimization was usually started by 
cycling the reaction 45 times at 94ºC for 1 min, at 
annealing temperature (Table 2) for 50 sec and 72ºC for 1 
min in Eppendorf Mastercycler gradient thermocycler. A 
final extension was allowed for 10 min at 72ºC. Upon 

completion of the reaction, amplified products were loaded 
onto a 2.0% agarose/1x Tris-Borate EDTA gel and 
electrophoresed at 4 V/cm. 

In the RAPD assay, two sets of PCR amplifications were 
carried out. In the first set (SET1), each accession was 
represented by DNA of randomly selected an individual 
plant in that accession. In the second set (SET2), pooled 
DNA from all ten individuals in each accession was used 
(the one individual used in the first set was also included). 

Every primer was amplified for the two sets 
simultaneously. Then the resultant products were run in 
agarose gel and evaluated. Amplifications were repeated at 
least twice (in different time periods) for each primer, using 
the same reagents and procedure. 

Data collection and statistical analysis 

Each DNA fragment generated was treated as a separate 
character and scored as a discrete variable, using 1 to 
indicate presence, and 0 for absence. Accordingly, a 
rectangular binary data matrix was obtained and statistical 
analysis was performed using the NTSYS-pc version 2.1 
(Rohlf, 2000) statistical package. A pairwise similarity 
matrix was generated using simple matching coefficient (by 
means of SIMQUAL procedure of NTSYS-pc) and 
principal coordinate analysis (PCoA) was performed using 
a batch mode of NTSYS-pc both for SET1 and SET2. 
Then, cluster analysis was performed (by means of SAHN 
procedure of NTSYS-pc) via unweighted pair-group 
method using arithmetic average (UPGMA) to develop a 
dendrogram both for SET1 and SET2. To estimate the 
strength of the grouping, generated by cluster analysis, 
bootstrap analysis was performed with 2000 replications 
using the winboot computer program (Yap and Nelson, 
1996). Also, a matrix comparison of Mantel Z test (Mantel, 
1967), for the correspondence of the similarity matrices of 
SET1 and SET2, was performed (by means of MXCOMP 
procedure of NTSYS-pc) for the null hypothesis that there 
is no association between the similarity matrices of SET1 
and SET2. To obtain significance level, 5000 permutations 
were performed. In addition, a genetic similarity matrix was 
calculated according to Nei and Li, (1979).  

An analysis of molecular variance (AMOVA) was 
performed using GENALEX 6 (Peakall and Smouse, 2006) 
in SET2 to partition the total molecular variance between 
and within populations (clusters). Significance level was 
detected via permutation test (n = 1000). Cannabis clusters 
were defined according to the PCoA results (Figure 2). 
Cannabis accessions that do not cluster closely with any of 
the clusters were removed from data set before AMOVA.  

RESULTS 

RAPD amplification and analysis 

The RAPD markers, used in the analysis of SET1 and 
SET2       allowed        reproducible       and       informative 
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Table 2. RAPD primers used in the study and the number and the type of fragments they amplified 

 

 

 

 

Single plant analysis  Bulk analysis  

Primer Primer sequence Tm 
(°C) bp  GC 

( %)
Annealing 
temp (oC)

Number of 
scored  
bands 

Number of 
polymorphic 

bands 

Percentage of 
polymorphic 
 bands (%) 

Number of  
Scored 
 bands 

Number of 
polymorphi

c 
 bands 

Percentage of 
polymorphic 
 bands (%) 

RAPD L2 5'- GTT TCG CTC C -3' 32 10 60 34 19 18 94.7 13 12 92.3 
RAPD L3 5'- GTA GAC CCG T -3' 32 10 60 33 6 4 66.6 8 6 75.0 
RAPD L4 5'- AAG AGC CCG T -3' 32 10 60 33 14 12 85.7 11 8 72.2 
RAPD L5 5'- AAC GCG CCG T -3' 32 10 60 34 13 9 69.2 15 12 80.0 
RAPD L6 5'- CCC GTC AGC A -3' 34 10 70 34 10 9 90.0 8 6 75.0 
RAPD B1 5'- CCC GCC GTT G -3' 36 10 80 35 32 32 100 32 32 100 
RAPD B2 5'- TGC GCC CTT C -3' 34 10 70 33 14 14 100 8 8 100 
RAPD B3 5'- GAT GAC CGC C -3' 34 10 70 34 10 9 90 8 8 100 
RAPD B4 5'- CTC ACC GTC C -3' 34 10 70 33 11 11 100 13 13 100 
RAPD B5 5'- GAC GGA TCA G -3' 32 10 60 31 20 20 100 18 17 94.4 
RAPD B6 5'- CCG ATA TCC C -3' 32 10 60 31 10 8 80.0 10 7 70.0 
RAPD B7 5'- TTG GTA CCC C -3' 32 10 60 31 10 9 90.0 7 6 85.7 
RAPD B8 5'- ACG GTA CCA G -3' 32 10 60 31 9 9 100 9 9 100 
RAPD B9 5'- CCA GCG TAT T -3' 30 10 50 29 8 8 100 11 11 100 
RAPD B10 5'- CTA CTG CGC T -3' 32 10 60 31 10 10 100 10 10 100 
RAPD B11 5'- CCT CTG ACT G -3' 32 10 60 31 6 6 100 7 7 100 

RAPD B12.2 5'- TCC GAT GCT G -3' 32 10 60 31 7 7 100 4 4 100 
RAPD B13 5'- TTC AGG GTG G -3' 32 10 60 31 6 6 100 8 8 100 
RAPD B14 5'- TCC TGG TCC C -3' 34 10 70 33 12 12 100 8 8 100 
RAPD B16 5'- AGT CGG GTG G -3' 34 10 70 33 11 9 81.8 11 9 81.8 
RAPD B17 5'- GTC GTT CCT G -3' 32 10 60 31 17 17 100 13 13 100 
RAPD B18 5'- GAG TCA GCA G -3' 32 10 60 31 9 9 100 9 9 100 

Total and averaged values 264 248 % 93 241 223 % 92 
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polymorphisms (pictures of gels that were run at different 
time were given in Figure 4 for illustration purpose). 
Selected primers yielded a total of 264 bands in SET1, and 
241 bands in SET2, 93% and 92% of which were 
polymorphic, respectively. However, using bulked samples 
resulted in much more consistent and reliable 
amplifications. The RAPD B1 primer was the one that gave 
the highest number of polymorphisms in SET1 and SET2. 
In the accession C20, that is the accession seized from 
Hatay, 119 markers were missing. This was due to lack of 
material to produce DNA from that accession. 

Results from statistical analysis of genotypic data  

Results from PCoA of RAPD markers by using SET2 
showed that Cannabis accessions are basically separated 
into two main groups by PCo axis 1 (Figure 2). In fact, this 
separation was in agreement with the geographical regions 
of Turkey. The first group (group 1) was made up of 
Cannabis plants, which were seized from mostly western 
part (costal regions, namely Mediterranean, Aegean, and 
Marmara) of Turkey and there were 18 accessions. The 
second one (group 2) was made up of Cannabis plants that 
were seized from mostly eastern part of Turkey and there 
were 8 accessions. Accessions C21 (Gaziantep21), C7 
(Kocaeli7), and C20 (Hatay20) were not attributable to any 
group and we named them as outliers. Compared to group 
1, group 2 showed more variation.  

The genetic relationships among Cannabis accessions, in 
SET2, were presented in a dendrogram (Figure 3). Results 
of analysis of SET2 via cluster analysis and PCoA were 
slightly different. Group 1 Cannabis accessions in PCoA, 
were clearly grouped as one major branch with a similarity 
of 81% based on simple matching similarity index. 
However, part of Cannabis accessions in group 2 
(Elazig23, Malatya24, Trabzon28, and Rize25) were 
attached to the cluster of group 1, and then the rest of group 
2 were attached. Accession Gaziantep21, which was seen to 
be an outlier in the PCoA, took place in this group. Overall 
similarity, based on simple matching similarity index, was 
71%. 

Unlike SET2, there was no separation in the seized 
Cannabis accessions in SET1 via either PCoA or cluster 
analysis. Therefore, no result from PCoA or cluster analysis 
is presented in here from SET1. 

Results from matrix comparison via Mantel Z test showed 
that there is a statistically significant association between 
the similarity matrices of SET1 and SET2 (P < 0.001). 
However, correlation between SET1 and SET2 was weak (r 
= 0.39).  

Genetic similarity matrices, calculated from SET1 and 
SET2 according to Nei and Li, (1979) were given in 
Figures 5 and 6, respectively. Genetic similarity matrix for 
SET2 shows a similarity range from 0.05 to 0.32. The 0.05 
level similarity was seen between the accessions C20 and 

C2. We note that the accession C20 is the one which has 
large number of missing marker genotypes, which most 
likely caused low similarity. Similarity range between the 
accession C20 and other accessions changed from 0.05 to 
0.11. When the C20 is removed from the data set, similarity 
range changed from 0.15 to 0.32 with a mean of 0.24. The 
minimum similarity, 0.15, was between accessions C2 and 
C22 while the maximum similarity, 0.32, was between 
accessions C10 and C16.  

Genetic similarity matrix for SET1 shows a similarity range 
from 0.06 to 0.28. The 0.06 level similarities are seen 
between the accession C20 and accessions C2, C5, C9, and 
C21. When the C20 is removed from the data set, as in 
SET2, similarity range changed from 0.15 to 0.28 with a 
mean of 0.20. The minimum similarities are seen between 
accessions C4 - C5 and C5 - C7 while the maximum 
similarity, 0.28, was between accessions C27 and C28. 
Genetic distance matrices both from SET1 and SET2 show 
that the accessions tested in this study are divergent at the 
DNA level.  

Results from AMOVA indicated that 20.23% of the genetic 
variation is attributable to differences among accessions 
groups while 79.77% of the genetic variation is attributable 
to between accessions within accessions groups. Sum of 
squares in group 1 and group 2 were found to be 315.94 (n1 
= 18) and 188.50 (n2 = 8), respectively. Detailed results 
from AMOVA were given in Table 3. 

DISCUSSION 

This study was conducted on two SETs of Cannabis 
materials, by using RAPD markers, which were analyzed 
simultaneously. The degrees of polymorphism of the 
markers found were 93% for SET1 and 92% for SET2. 
Forapani et al. (2001) reported the degree of polymorphism 
of RAPD markers for different hemp varieties in a range 
from 31.1% to 97.1%, which includes our findings. 

Clusters were observed between the seized Cannabis 
accessions in SET2 via both cluster analysis and PCoA but 
not in SET1. A weak correlation, resulted from matrix 
comparison via the Mantel test between similarity matrices 
of SET1 and SET2, might be interpreted as a reason for not 
having similar results from SET1 and SET2. This might be 
due to the template effect, where amplification of faint 
fragments failed in bulked samples. Hence, more consistent 
bands were amplified and the specific accessions were 
better represented. 
In the PCoA of SET2, all accessions, except accessions 
Gaziantep21, Hatay20, and Kocaeli7, were clearly 
separated into two main groups. The first group was made 
up of Cannabis plants, which were seized from mostly 
western parts of Turkey, while the second group was made 
up of Cannabis plants that were seized from mostly eastern 
parts of Turkey. Visual examination of distribution of 
Cannabis accessions on the first two principal coordinates 
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(Figure 2) indicates that there is more variation in group 2 
compared to group 1. Averaged Nei and Li, (1979) genetic 
similarity, which were found to be 0.263 and 0.220 for 
group 1 and group 2 respectively, supported visual 
examination. Findings from AMOVA supported these 
results by having estimated variances as 18.58 (with 17 
degrees of freedom) and 26.92 (with 7 degrees of freedom) 
for group 1 and group 2, respectively. Results from 
AMOVA indicated that 20.23% of the genetic variation 
was attributable to differences among accessions groups 
while 79.77% of the genetic variation was attributable to 
between accessions within accessions groups. Datwyler and 
Weiblen (2006) identified geographic sources of seized 
drugs by using AFLP markers. In that study, 27.2% of the 
genetic variation from AMOVA was due to differences 
between drug and hemp lines, while 20.9% differences 
among hemp varieties. Our among group variation is 
comparable with their among hemp varieties variation. In a 
comparison study of six hemp types Cannabis varieties 
with RAPD markers, it is reported that the proportion of 
among-cultivars variance changed dramatically ranging 
from 12.8% up to 76%. The later was observed between 
two highly selected, divergent cultivars (Forapani et al. 
2001). 

Results from UPGMA for group 2 was slightly different 
compared to PCoA, although accessions of the group 1 
were clustered together in UPGMA. PCoA is a translation 
of similarities/dissimilarities between objects into the actual 
distances between objects in multidimensional space. On 
the other hand, in cluster analysis, once a group or cluster is 
formed from two or more objects, that group can not be 
broken later in the process. As a result, the dendrogram is 
not a representation of all pairwise dissimilarities between 
objects (Legendre and Anderson, 1999). 

Examination of UPGMA Dendrogram accession by 
accession would give information about relatedness in 
individual level. For example, 0.91 genetic relatedness was 
found between accessions C3 and C11, and C5 and C15 
with a bootstrapping P value of 58.6% and 50.2%, 
respectively. These results might lead us to speculation that 
there might be relationship between the individual illicit 

Cannabis growers of accessions C3 and C11, and C5 and 
C15. It is worthy noting that these illicit products are not 
clonally propagated as they were grown from seeds. 
Therefore, we are not expecting accessions to have exactly 
the same genotypes. 
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APPENDIX 

FIGURES 
 

 
Figure 1. Provincial locations of seized Cannabis accessions on the map of Turkey. 

 
 

 
Figure 2. Distribution of 29 Cannabis accessions by 2-dimensional principal coordinate analysis. PCo axis 1 and PCo axis 2 
account for 13.9% and 7.7% of the variation, respectively. 
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Figure 3. UPGMA dendrogram Bulk RAPD SM 29 accessions. 
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Figure 4. The random amplified polymorphic DNA (RAPD) profile of (individual and bulked) Cannabis samples, using the 
random primer L2 which is listed in Table 2. 

 

 
Figure 4. (continued). Repeat of the random amplified polymorphic DNA (RAPD) profile of (individual and bulked) Cannabis
samples, using the random primer L2 which is listed in Table 2. 
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Figure 5. Genetic similarity matrix among 29 Cannabis accessions, based on RAPD data from SET1 (computed using the Nei 
and Li’s formula (Nei and Li, 1979)). 

 

 
Figure 6. Genetic similarity matrix among 29 Cannabis accessions, based on RAPD data from SET2 (computed using the Nei 
and Li’s formula (Nei and Li, 1979)). 

 


