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Abstract: DNA polymorphism of cultivated varieties, the fissile off spring and different populations of Chu
hemp were studied with the help of RAPD-analysis. 10 specific primers were used to reveal significant genetic
differences between varieties, populations and hybrids. It is shown that the ability to accumulate narcotic
tetrahydrocannabinol is not a dominant trait and primary synthesis of nonnarcotic cannabidiol is associated
with the high activity of cannabidiolsintaza.
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INTRODUCTION of various organisms [3] directly at the level of genes

Naturally more than half  of  the  species  of  plants modifications of RAPD-PCR is a method, the advantage
are cross-pollinated. This results in a  continuous of which is the ease and speed of analysis [4-6]. In
breeding  recombination of genes. Population dynamics Kazakhstan, where the wild-growing hemp covers an area
is expressed in the change of frequencies of  occurrence of more than 1.2 million hectares only in Chu Valley, non-
of each allele of the gene. To determine the population narcotic grows in half of the regions; the research in
structure they do the analysis with the use of different population polymorphism is of great topicality. This is
genetic markers [1]. due to the need to use it both in industrial  production

A few tens of biochemical markers helped to reveal a and  to develop methods of destruction. Basing on this
genetic polymorphism in more than 200 species of living the aim of our work was to study the polymorphism of
organisms and to develop the basic theoretical principles populations and the impact of cross- pollination of hemp
of population genetics (1, 43). However, the used markers (Cannabis sativa), wild (Cannabis ruderalis) on the
indirectly  identify  genetic differences between taxons. genetic polymorphism of offspring.
For example, the analysis of proteins allows investigating
polymorphism only of the protein-coding sequences and MATERIALS AND METHODS
only in the expressed genes.

The discovery of the polymerase chain  reaction The object of research was sort Fedora 17 and its
(PCR, Polymerase chain reaction) has become one of the hybrid  off  spring  F1 and F2 spitted in Chu Valley and
most outstanding events in the field of molecular biology also  wild  populations  of  hemp  growing in Merke
over the last 20 years. The use of molecular DNA markers district of Zhambyl reion and Uighur district of Almaty
[2] allowed identifying genes and genetic polymorphisms region.

rather than of their products. One of the four
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For the analysis were taken the mature and lie down on primer ranges from 56 to 95. Electrophoretic spectra
for more than 30 days seeds. DNA was isolated with (Fig. 1-4) indicate that, in addition to the general
cetyltrimethylammonium bromide (CTAB) with 20 mM 2- amplicons characteristic of all samples, there are specific
mercaptoethanol according to the standard procedure [7]. DNA fragments.
Purity of DNA preparations was examined with Figure 1 shows the RAPD - spectrum of 6 samples
electrophoretic separation in the agarose gel. obtained with the use of primers 3 and 12. 71 fragment of

Nine primers were used for the PCR-amplification. 3. all was amplified with the primer 3, six are common for all
CCGAATTCGC,4. CTGACCAGCC, 5. ATCTGGTGGT, 6. samples and have the size from 170 to 800 bp.
GGACCCCGCC, 7. TCAGGACGCTAC, 12. Polymorphism of DNA was revealed in the analyzed
CCTTGACGCA,14. AGCAGCGTCG, 15. GTGTGCCCCA, samples of hemp with this primer: specific fragments of
16. GGGGTGACGA. Six of these were the most specific. 340 and 1.700 bp. long were found in sample 3 (offspring
The reaction mixture of 20 µl contained 50 mM KCl, 20 mM F2 of the sort Fedora 17), but there are no 4 fragments of
Tris-HCl, pH 8.4 3 mM Mg Cl , 0.01% Tween-20, 0.15 mM DNA with the length of about 350, 500, 580 and 1600 bp.,2

of each dNTP, 0.2 µM of primer and 20 mg of DNA 1 unit present in all other samples. On degree of spectrum
of Tag-polymerase. 40 µl of mineral oil was layered in the expressiveness sample 3 is marked with distinct zones
tubes. PCR-amplification was carried out as follows: the with amplicons of approximately 110, 240, 250, 610 and 670
first four cycles - 1 min. at 93°C, 1.5 min. at 43°C and 2 min. bp. long. They are present or absent in the spectrum of
at 72°C, in subsequent cycles, annealing was carried out the other samples. It has less expressed zone of 460 bp.,
at  47-55°C   (total   35   cycles).   Last   elongation  lasted which is well defined in other samples. Wild populations
10 minutes. The reaction was stopped by adding 60 mcl of of Merke district - samples 4 and 6 and Uygur district
solution. Amplification products were separated with (sample 5) differ from each other in the composition of
electrophoresis of 10% SDS and gels were viewed in amplicons. Thus the sample 5 has in the range fragments
GelDoc at the wavelength of 260 to 360 nm. the size of 280 and 610 bp., absent in the samples of Shu

To determine the genetic distance in polymorphism population, but present in the spectrum of the cultivated
RAPD-spectra and obtaining state matrix of binary variety and its F2 offspring. The similarity between the
attributes there were used algorithms of Nei and Li [8]. Uighur population and cultivated variety is in the
Basing on the state matrix there were constructed presence of a DNA fragment of 1050 bp. in the spectrum,
dendrograms of genetic distances with the use of the which is absent in other samples. Wild populations do not
unweighted pair-group mathematical average (UPGMA). have amplicon the size of 330 bp. in the spectrum, which

Contents definition of cannabinoids was performed is usually manifested in the variety and F2 offspring.
on a gas-liquid chromatograph-mass spectrometer GCMS In RAPD- spectrum of primer 12 there were revealed
of the firm “Shimadzu”. The leaves were taken for analysis 10 common for all samples amplicons the size from 170 to
at X-XI (breast - milk ripeness phase) and XI-XII (milk-wax 1000 bp. Sample 3 is characterized by the presence 710,
- wax  maturity phase) stages of organogenesis. Crushed 520, 340 and 240 bp. long fragments that are absent in
leaves were usually extracted with ethanol or methanol other samples. It has better-defined fragments of about
(100 mg of a sample was adjusted to 10 ml for a final 280, 470, 1100 and 1310 bp. long than the original variety.
concentration of 1mg/ml cannabinoids) for 1 hour at 70°C Populations of wild hemp differ from each other mainly
or for 24 hours at the room temperature. Then the only in the level of expressiveness of some of the DNA
oversedimental liquid was decanted and used for coating fragments in the spectrum. They do not have a fragment
into the plasma ionization detector (1µl). of 320 bp. usual for the cultivated variety and its F1 and

RESULTS AND DISCUSSIONS appear in the spectrum of DNA hemp with green leaves

The primers used in the work provided the synthesis but with purple leaves, in Uighur population and F1
of specific and reproducible sets of amplicons. There was offspring of the initial variety.
identified polymorphism of the studied samples. All six With the use of primer 4 (Fig. 2) two DNA fragments
researched samples of hemp had specific RAPD-spectra of approximately 90 and 260 bp. long were amplified,
that differed in the number, the size of amplicons (from 90 which are common to all samples. This primer helped to
to 1700 bp) and the degree of their severity on amplify  DNA  fragment  of  1600  bp.   long   in  the
electrophoregram. Total number of amplicons depending Fedora  17  variety  (sample  1),  absent  in  other  samples.

F2 splitted offspring. Fragment of 1600 bp. long does not

from Merke district, while there is in the same population,
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Fig. 1: Electrophoretic spectra of the RAPD-DNA amplification products with primers 3 and 12 of the sort Fedora 17 (1),
its splitted off spring F1 (2) and F2 (3) and wild populations of hemp of Merke (4 - purple, 6 - green leaves) and
Uygur (5) districts

Fig. 2: Electrophoretic spectra of the products of RAPD - DNA amplification with primer 4. The notation is
DNA amplification with primer 4. The notation is the same as in Figure 1
the same as in Figure 1

Sample 3 has a fragment of 720 bp. long in the spectrum, amplification of 95 fragments. 9 of them ranging from 90 to
present in others and there is an amplicon of 420 bp. long 680 bp. are common to all samples. Specific fragments of
specific only for this sample. A specific fragment of 1500 180,  270  and  900  bp. long, which are not characteristic
bp. long was found in sample 2. Only sample 5 has for the other samples, were found in RAPD-spectrum of
specific fragments of 370 and 460 bp. in the spectrum. F2  offspring  of  the  initial  variety.   However,  this
Wild specimens also have specific DNA fragments of 350 sample doesn’t have fragments of 280, 320 and 360 bp.
bp. long in the spectrum, but the sort and its offspring. long,  which  are  in  the  spectrum  of  the   other  samples.

Fig. 3: Electrophoretic spectra of the products of RAPD -

Figure 3 showed that the primer 14 causes the
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Fig. 4: Electrophoretic spectra of the products of RAPD - DNA amplification with primers 15 and 16. The notation is the
same as in Figure 1

Merke hemp (samples 4 and 6) and F1 offspring of the genetic similarity. The closest to them is the Fedora 17
Fedora 17 variety are characterized with the presence of variety and the 4th Chu sample. Dendrogram drawn up on
the fragments of 220 and 720 bp. long. A specific fragment the basis of RAPD-analysis with primer 15 showed that
of  120 bp.  Long   was  found   in   the   spectrum of the wild population of Merke and Uighur districts
Merke sample, violet leaves and F2 offspring of the initial (samples 4 and 5) forms one genetic group. The furthest
variety. in the genetic kinship is F2 offspring of the Fedora 17

DNA polymorphism in the analyzed samples of hemp variety.
was  also  identified  with  the use of primers 15 and 16 Thus, one can say that the genetic affinity of Chu
(Fig. 4).  Primer  15 amplified DNA fragments of 150 and hemp  and F1  offspring  is  probably   the   result of
320 bp. long in the 3rd sample, which were not cross-pollination of the initial variety with the pollen of
synthesized from other samples. DNA spectrum from wild hemp. While the greatest distance of F2 offspring of
Merke district, green leaves (6-th sample) didn’t have the Fedora 17 variety is due to the splitting of its
fragment of 370 bp. long, characteristic for the other two heterogeneous (heterozygous) parents. A difference in
samples of wild hemp (samples 4, 5). genetic distance between populations of Cannabis

Primer16 was used to synthesize 56 amplicons. ruderalis may be due to the heterogeneous structure of
Fragments of 180 and 270 bp. long were found in all these populations.
samples. Sample 3 has specific fragments of about 200 and One of the markers of populations of hemp is
1,400 bp. long, as well as missing a fragment of 700 bp. cannabinoids. Some of them do not have the narcotic -
long,  available  in other samples. Similarity of wild CBN (cannabinol) and CBD (cannabidiol) and others -
populations is in the presence of the fragment of 1000 bp. THC (tetrahydrocannabinol), THCA have a narcotic
long in their spectrum, which is absent in the cultivated effect. We made an attempt to study the inheritance of
variety and its F1 and F2 offspring. this  trait  by  the offspring of the cultivated sort. The

In general, one can say that the presence of separate Table 1 shows the results of the determination of contents
DNA fragments in RAPD- spectrum of the Fedora 17 of cannabinoids in the Fedora 17 variety, its F1 and F2
variety and the absence of them in F1 and F2 offspring offspring, populations of Cannabis ruderalis.
indicates heterogeneity of this locus. The  data  showed  that  the  F1  offspring of the

Data in polymorphism of electrophoretic spectra of initial variety doesn’t have accumulation of narcotic
RAPD-DNA amplification products made it possible to do compounds - tetrahydrocannabinol (THC), although the
the cluster analysis of various samples of hemp with the content  of  cannabidiol  (CBD)  is  slightly  increasing.
use of UPGMA program (Fig. 5-8). The initial variety in European conditions had the THC

Dendrogram data (Fig. 5-8) showed that Chu content not more than 0,15% and the CBD was
population (sample 6) and F1 offspring of the Fedora 17 approximately at the same level. Thus, accumulation of
variety form a separate cluster. This may indicate their THC is  a  genetically  determined  trait and environmental
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Fig. 5: Dendrogram of the genetic relationships between different samples of wild and cultivated hemp, calculated
according to the RAPD-analysis with primer 3 by UPGMA Method

Fig. 6: Dendrogram of the genetic relationships between different samples of wild and cultivated hemp, calculated
according to the RAPD-analysis with primer 14 by UPGMA Method

Fig. 7: Dendrogram of the genetic relationships between different samples of wild and cultivated hemp, calculated
according to the RAPD-analysis with primer 15 by UPGMA Method

Fig. 8: Dendrogram of the genetic relationships between different samples of wild and cultivated hemp, calculated
according to the RAPD-analysis with primer 16 by UPGMA Method

conditions (Chu Valley) do not affect the accumulation of Thus, the sort of cultivated hemp Cannabis sativa,
narcotic  substance.  Its content in wild populations of it’s splitted F1 and F2 offspring, wild populations of
Chu district reaches 8% in September and October and the Cannabis  rudderless  differ from each other in the
CBD and CBN -0.12 - 2% [9]. This, in our opinion, is due structure of DNA and the accumulation of cannabinoids
to homozygosis of wild populations on the basis of (i.e. genetic heterogeneous) [10-12]. Accumulation level
accumulation of THC. of  cannabinoids  in  hemp,  in particular THC contents, is
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Table 1: Determination of contents of cannabinoids in European variety, its F1 offspring and populations of wild hemp
No Grade / ecotype Stage of organogenesis THC, % CBD, %
1 F Fedora 17 X-XI 0.12 0.821

2 F  Fedora 17 X-XI (Merke district) 0.18 1.082

3 F Fedora 17 XI-XII (Merke district) 0.07 1.432

4 F Fedora 17 XI-XII (plant looks similar to Cannabis ruderalis; Merke district) 0.06 1.012

5 Cannabis ruderalis XI-XII (plant with purple leaves, Merke district, crossing) 1.25 0.48
6 Cannabis ruderalis XI-XII (plant with green leaves, Merke district, crossing) 1.32 0.14
7 Cannabis ruderalis XI-XII (Uighur district, one large plant) 1.5 1.0
8 Cannabis ruderalis XI-XII (Uighur district, the average size plant) 1.0 0.66

apparently a genetically determined trait. It can be 5. Oganesyan, A.S., E.Z. Kochneva, A.P. Ryskov, 1996.
expected  that the non-narcotic crops of fibrous sorts will Marking of species and sorts of potato with the
alter the genetic structure of Chu populations to the low RAPD PCR Method. Genetics, 32: 448-451.
THC contents. The difference in the level of accumulation 6. Kochneva, E.Z., A.S. Oganesyan and A.P. Ryskov,
of THC and CBD is due to the unequal activity of 199. RAPD-markers of the potato genome: cloning
synthases. The amino acid sequence of isoenzymes in and use to determine interspecies and intervarietal
THCA – synthase, CBD - synthase varies and this differences. Molecular Biology, 33(5): 893-897.
determines their catalytic properties [13-15]. 7. Jhingan, A.R., 1992. A novel technology for DNA

isolation. Methods of Mol. Cell. Biol., 3: 15-22.
CONCLUSIONS 8. Nei,  M.  and  W.   Li,   1979.    Mathematical   model

DNA polymorphism of cultivated varieties, the fissile restriction endonucleases. Proc. Nat. Acad. Sci. USA,
offspring and different populations of Chu hemp was 76: 5269-5273.
studied with the help of RAPD-analysis. The primers used 9. Sarsenbayev, K.N., E.S. Boribay, L.S.
in the work provided the synthesis of specific and Kozhamzharova, S.S. Aydosova and A.E. Erezhepov,
reproducible sets of amplicons. Total number of 2004. Special features of hemp hairs (Cannabis L.)
amplicons depending on primer ranges from 56 to 95. and the composition of cannabinoids. Bulletin of
DNA polymorphism in the analyzed samples of hemp was KazNU after Al-Farabi, Ser. Biol., 1(22): 18-20.
also identified with the use of primers 15 and 16. 10. Elavazhagan,  T.,  M.  Ramakrishnan,  S.  Jayakumar,
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