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Abstract

v

Inter-simple sequence repeat (ISSR) markers were used to evalu-
ate the genetic stability of the micropropagated plants of Canna-
bis sativa over 30 passages in culture and hardening in soil for 8
months. A total of 15 ISSR primers resulted in 115 distinct and
reproducible bands. All the ISSR profiles from micropropagated
plants were monomorphic and comparable to mother plants,
confirming the genetic stability among clones and mother plants.
Chemical analysis of cannabinoids, using gas chromatography/
flame ionization detection (GC/FID), was done to further confirm
whether the qualitative and quantitative differences in the major
secondary metabolites exist between the mother plant and mi-
cropropagated plants. Six major cannabinoids - A°-THC, THCV,
CBD, CBC, CBG, and CBN - were identified and compared with
the mother plant. Our results clearly showed a similar cannabi-
noid profile and insignificant differences in THC content between
the two types of plants. These results suggest that the micropro-
pagation protocol developed by us for rapid in vitro multiplica-
tion is appropriate and applicable for clonal mass propagation of
C. sativa.
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Cannabis sativa L. (Cannabaceae) is an important multi-use plant,
valued all over the world for yielding fiber and food, as well as a
psychoactive drug. Besides its psychoactivity, the major biologi-
cally active compound, A°-tetrahydrocannabinol, commonly re-
ferred as THC, possesses analgesic, anti-inflammatory, appetite-
stimulant, and anti-emetic properties, making this compound a
very promising drug for therapeutic purposes, especially for can-
cer and AIDS patients [1] (© Fig. 1).

The maintenance of clonal fidelity is an important issue in devel-
oping a secure and stable in vitro clonal repository of elite C. sat-
iva germplasm. In vitro culture techniques provide an important
means of plant propagation and a tool for crop improvement [2].
However, the occurrence of somaclonal variation is a potential
drawback when the propagation of an elite germplasm, where
clonal stability is required to maintain the advantages of the de-
sired elite genotypes, is intended. Although plant regeneration
protocols have been developed for different Cannabis genotypes
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Fig.1 Chemical struc
ture of A°- tetrahydro-
cannabinol (THC).

and explant sources [3-9], considerable variation has been re-
ported in the response of cultures and in the morphogenic path-
way.

Our previous work permitted us to establish the optimal condi-
tions for high-frequency plant regeneration of Cannabis sativa L.
through organogenesis [10]. Of all the cytokinins tested - benzy-
ladenine (BA), kinetin (Kn), and thidiazuron (TDZ), ranging from
0.05 to 9.0 uM or in combination with gibberellic acid (GA3) - the
quality and quantity of regenerants was best using thidiazuron
(0.5 M) with subculturing done every three weeks. Elongated
shoots resulted in 95% rooting when transferred to half-strength
MS medium supplemented with 500 mg/L activated charcoal and
2.51M indole-3-butyric acid. After 30 passages in culture, the
rooted plants were successfully transferred, acclimatized, and
hardened in soil under controlled growroom conditions (temper-
ature 25+3°C, relative humidity 60+5%, and light intensity
700 + 24 umol/m?/s at plant canopy level). To date, very little is
known about the genetic stability in Cannabis culture and, espe-
cially, in regenerated plants. Moreover, no study has evaluated
the genetic stability of the micropropagated plants of C. sativa.
Therefore, in the present investigation we report for the first time
the results of molecular analysis, based on inter-simple sequence
repeat (ISSR) markers, aimed at assessing the effects of in vitro
culture on the genetic homogeneity or heterogeneity of plants
regenerated through organogenesis from a high-yielding Canna-
bis sativa variety (MX-1).

Molecular studies using ISSR markers are well accepted in Canna-
bis research. In a preliminary work conducted with three strains
of C. sativa from different sources, Kojoma et al. [11] reported
that different samples were identified by means of ISSR. Further-
more, Hakki et al. [12] used ISSR to separate and discriminate the
hemp from C. sativa. However, no reports exist for monitoring
the genetic stability of the in vitro regenerated plants of C. sativa.
DNA extraction by the DNeasy Plant Mini Kit from Qiagen permit-
ted us to obtain DNA of a quality and quantity that was adequate
for ISSR analysis. A total of 18 ISSR primers were initially screened
with the DNA of a single donor plant of C. sativa and 11 daughter
plants as templates. Based on a criterion of the generation of
distinct bands that were completely reproducible between the
samples, 15 of the 18 primers were selected as suitable primers
for C. sativa and used for the present study. Three primers gener-
ated either no bands or non-scorable bands (© Table 1).

We carried out ISSR analysis on the DNA of 11 micropropagated
and hardened plants, along with the donor mother plant of C. sat-
iva with each of the 15 selected primers (© Table 1). Under grow-
room conditions, the 11 selected plants showed no discernible
differences from the donor plant in general morphology based
on several traits, including plant height, branching pattern, and
leaf shape. Each tested primer produced clear and scorable ampli-
fication products in all the plants. Each primer produced a unique
set of amplification products ranging in size from about 177 bp in
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Range of amplicons (bp)

Primer Sequence

UBC 807 5'-AGAGAGACAGAGAGAGT-3' 202-781
UBC 808 5'-AGAGAGAGAGAGAGAGC-3" 243-1364
UBC811 5'-GAGAGACAGAGAGAGAC-3' 269-1823
UBC812 5'-GAGAGAGAGAGAGACAA-3' 231-1306
UBC817 5'-CACACACACACACACAA-3’ 334-1347
UBC 826 5'-ACACACACACACACACC-3’ 408-2751
UBC 834 5'-ACGAGAGACGAGAGAGAGYT-3' 177-1478
(GGO)B6W 5'-GGCGGCGGCGGCGGLGGLW-3! 272-2295
(AAG)6Y 5'-AAGAAGAAGAAGAAGAAGY-3’ 305-1095
(GGAT)4H 5'-GGATGGATGGATGGATH-3' 350-2995
(GGGGT)3 M 5'-GGCGTGGGGTCGGGGTM-3! 343-2009
UBC 836 5'-AGAGAGAGAGAGAGAGYA-3' 218-1296
UBC 842 5'-GAGAGAGAGAGAGACAYG-3' 203-677
UBC 845 5'-CTCTCTCTCTCTCTCTRG-3' 182-1501
UBC 856 5'-ACACACACACACACACYA-3' 430-1342
UBC810 5'-GAGAGAGAGAGAGAGAT-3' -

UBC 857 5'-ACACACACACACACACYG-3’ -
(GTA)6M 5'-GTAGTAGTAGTAGTAGTAM-3' -

Note: Numbers highlighted in bold represent the minimum and maximum size of base pairs

4 56 78 91011 P M
20

Total no. of bands ~ Table 1 ISSR banding pattern of
4 micropropagated and mother
9 plants of C. sativa.

o

Total: 115

M12 345 6 78 91011P

1 2 3

©

4 56 78 91011P M

Fig.2 Inter-simple sequence repeat (ISSR) amplification pattern obtained
for mother plant (P) and daughter/micropropagated plants (1-11) using

UBC 834 to 2995 bp in (GGAT)4H (© Table 1), with an average of
7.7 bands per primer. A total of 1380 bands (the number of plant-
lets analyzed multiplied by the number of bands with all primers)
were generated by the ISSR method, giving rise to monomorphic
patterns across all 12 plantlets analyzed. No ISSR polymorphism
was observed in the micropropagated plants (© Fig. 2).
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(d)

primer UBC 856 (a), primer (AAG)6Y (b), primer UBC 808 (c), and primer UBC
811 (d).

The number of primers (15) used in this study as well as the total
number of bands (1380), together with the observed normality
and homogeneity of plantlets after 30 passages of in vitro multi-
plication and hardening in soil for up to 8 months, strongly sug-
gest that propagation through axillary buds ensures mainte-
nance of genomic integrity in C. sativa clonal propagation. These
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d Fig.3 GCFID analysis (using 15 m x 0.25 mm DB-
(8.43%) 1, 0.25-mm film column at 170°C for 1 min and
7 e then increased to 250 °C by 10°C/min) of mother
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results are supported by Lata et al. [10], who reported similarities  lected to be used in the mass propagation of Cannabis sativa for
in growth and photosynthetic characteristics among mother and  the production of biomass, as a starting material for the isolation
micropropagated plants. Furthermore, our results from GC anal-  of THC as a high-value bulk active pharmaceutical.
ysis showed homogeneity in the cannabinoid profile of the moth-
er plant and micropropagated plants (© Fig.3). THC content in ~ Materials and Methods
the mature buds of micropropagated Cannabis sativa plants were ¥V
found to be comparable to each other and to that of the mother = High-frequency shoot regeneration using nodal segments con-
plant. An average of 8.46% THC content was found in the mother  taining axillary buds from a one-year-old mother plant of a
plant, and 8.34%, 8.93%,9.02%,9.02%, 8.12%, 8.46%, 8.54%,9.08%,  high-yielding C. sativa variety (MX-1) was achieved on Mura-
9.05%, 8.53%, and 9.02% THC content was found in micropropa-  shige and Skoog (MS) medium [14] containing 3% (w/v) sucrose
gated plants TS1-TS11, respectively. Similar to these results, Ma  and 0.8% (w/v) type-E agar supplemented with 0.5 uM thidiazur-
and Gang [13] have also reported that the micropropagated on (TDZ)and adjusted to pH 5.7, following Lata et al. [10]. Eleven
plants of Zingiber officinale produce same metabolites (qualita-  micropropagated, hardened plants and a mother plant grown in
tive) at approximately the same concentration (quantitative) as  an indoor cultivation facility housed at Coy-Waller Laboratory,
corresponding non-in vitro propagated plants. University of Mississippi, were used for analysis of genetic stabil-
Because all the ISSR-based bands were monomorphic and be- ity using ISSR markers.
cause there were no variations detected in the micropropagated A 20-mg leaf sample was frozen in liquid nitrogen and ground in
plants compared with the mother plant, indicating high genetic ~ a 2.0-mL microcentrifuge tube using Mixer Mill MM 2000
stability among the clones, we concluded that our micropropaga-  (Retsch). Total genomic DNA was extracted using a DNeasy Plant
tion protocol for an elite Cannabis sativa variety (MX-1) can be  Mini Kit (Qiagen; cat no. 659104) and resuspended in 50 pL elu-
carried out for a considerable length of time without much risk  tion buffer provided by the kit. Purified total DNA was quantified
of genetic instability. Furthermore, ISSR can be used as a tool for  and its quality verified by using a Thermo Scientific NanoDropTM
testing the quality of micropropagated plants. This study is of =~ 1000 spectrophotometer. In the initial screening, 18 primers (13
particularly high significance because these plants have been se-  from the University of British Columbia and 5 of our design) were
used for ISSR analysis (© Table 1). PCR amplifications were per-
formed in a volume of 25uL. Each PCR reaction contained
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0.1 uM of each primer, 1 unit of Platinum Taq DNA Polymerase
(cat no. 10966-034; Invitrogen), 200 uM of each dNTP (Prome-
ga), 1.5 mM MgCl,, 20 ng template DNA, and 1 x PCR buffer. Am-
plifications were carried out in an M&] Research PTCG-225 gra-
dient cycler with a heated lid programmed at 94 °C for 3 min for
initial denaturation, followed by 94 °C for 30, 50 °C for 30's, and
72 °C for 3 min for 45 cycles and then a final extension step at 72 °
C for 7 min. After amplification, each PCR reaction was analyzed
by electrophoresis on a 2% TAE agarose gel and visualized under
UV light. Gels were scanned with a Bio-Rad Gel Imaging System
and analyzed with Quantity One analysis software version 4.3.0
(Bio-Rad Laboratories, Inc.). The sizes of the PCR products were
compared with the molecular size standard 1 kb plus DNA ladder
(cat no. 10787-018; Invitrogen). Only well-separated bands in
the size range of 0.1-3.0 kb with high intensity were scored as
present or absent for ISSR markers. Data were scored as 1 for the
presence and 0 for the absence of DNA bands in each micropro-
pagated and mother plant.

All marijuana samples were extracted following Ross et al. [15].
Gas chromatography analysis was performed using a Varian CP-
3380 gas chromatograph equipped with a Varian CP-8400 auto-
matic liquid sampler under the following conditions: column:
DB-1; 15mx 0.25 mm, with 0.25 pm film thickness (J&W Scien-
tific, Inc.); temperature: 170 °C for 1 min, then increased to 250 °C
by 10°C/min; injection temperature: 240°C; detector tempera-
ture: 260 °C; carrier gas: helium at approximately 1 mL/min; de-
tector-flame ionization detector (FID) with halogen flow rate of
30 mL/min and air flow rate of 300 mL/min. Statistical analysis
was performed with the SYSTAT software package (SYSTAT Soft-
ware, Inc.) to assess the relationship between studied traits
(mother plant; micropropagated plants TS1-TS11 and chemical
content).
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