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Mestinšek Mubi Š., S. Svetik, M. Flajšman, J. Murovec (2020). In vitro tissue culture 

and genetic analysis of two high-CBD medical cannabis (Cannabis sativa L.) breeding 

lines - Genetika, Vol 52, No.3, 925-941. 

The species Cannabis sativa L. has recently witnessed a resurgence of interest all over 

the world due to its multipurpose applications and the scientific confirmation of its 

pharmacological properties. Genotypes with high cannabinoid content are appreciated 

in the pharmaceutical and cosmetic industries due to their therapeutic potential. These 

genotypes, with predominantly high cannabidiol (CBD) content, are the subject of 

research and breeding in several programs, but to date, little data is published on the in 

vitro tissue culture of cannabis. Our study focused on the establishment of an efficient 

micropropagation method for two high-CBD breeding lines (MX-CBD-11 and MX-

CBD-707) as the basis for advanced biotechnological breeding approaches. The results 

demonstrated that the in vitro culture of medical cannabis can be initiated on different 

culture media, that cultured plants can be successfully acclimatized, and that nodal 

position, and especially the genotype, have a significant influence on the success of 

shoot culture establishment. They showed that the published tissue culture media 

optimized for one high-THC strain of Mexican cannabis are not as efficient for other 

genotypes of (medical) cannabis. We complemented this research with a genetic study 

of 95 plants of the two breeding lines with 16 microsatellite (SSR) markers which 

clustered the plants based on breeding line. The results demonstrated that only 8 

markers are needed for discrimination of all analyzed plants and their usefulness for 

clonal identification. 

Keywords: Cannabis sativa L., medical cannabis, tissue culture, cannabinoids. 

 

https://doi.org/10.2298/GENSR2003925M


926                                                                                                             GENETIKA, Vol. 52, No3, 925-941, 2020 

INTRODUCTION 

Cannabis sativa L. is an annual dioecious flowering species of the family Cannabaceae. It 

is an important crop cultivated for its fibers, seeds, and secondary metabolites for more than 

12,000 years (for a review, see BONINI et al., 2018). It has been used in Chinese medicine and 

textile production since at least 5,000 B.C. (LI et al., 1974; MERCURI et al., 2002) and later by the 

ancient Egyptians, Greeks, and Romans (FARAG and KAYSER, 2015). Its cultivation diminished in 

the 20th century due to the psychotropic effect of one of its compounds, Δ-9-

tetrahydrocannabinol (THC). 

Cannabis has recently witnessed a resurgence of interest all over the world due to its 

multipurpose applications and the scientific confirmation of its pharmacological properties. Its 

cellulosic and woody fibers are nowadays used in the textile, paper, and mechanical industries 

and in the construction sectors, while the seeds and flowers are used for food production and the 

extraction of metabolites for the cosmetic and pharmaceutical industries (MERCURI, 2002; 

RANALLI, 2004). 

Cannabinoids are the main chemically active compounds found in cannabis (besides 

terpenoids, flavonoids, and alkaloids) and have a proven therapeutic action (ANDRE et al., 2016). 

More than 113 different cannabinoids have been reported in the literature (AIZPURUA-OLAIZOLA 

et al., 2016). The most abundant are THCA (Δ-9-tetrahydrocannabinolic acid), CBDA 

(cannabidiolic acid), and CBNA (cannabinolic acid), followed by CBGA (cannabigerolic acid), 

CBCA (cannabichromenic acid), and CBNDA (cannabinodiolic acid) (ELSOHLY and SLADE, 

2005). 

Various taxonomic subdivisions of cannabis have been presented in the past. In a recent 

review article, KOREN et al. (2020) presented an overview of different classifications of the genus 

Cannabis, which is controversial due to significant effects of environmental conditions of the 

plant phenotype and the expression of quantitative traits. Cultivars with a THC level below 0.2% 

(Europe) or 0.3% (USA, Canada) are considered industrial hemp and can be grown without 

special legal restrictions. They are cultivated mainly for fibers and seeds, but also for the 

extraction of CBD, since they can contain up to 3% total CBD in the dry flowers (CAPPELLETTO 

et al., 2001; MECHTLER et al., 2004; SIKORA et al., 2011; CALZOLARI et al., 2017). Genotypes 

with high CBD contents, the so-called medical cannabis, can be grown in a controlled 

environment and are cultivated mainly for the production of phytocannabinoids. They can 

contain more than 20% total CBD in the dry flowers (unpublished own results) and their THC 

content usually exceed the legal thresholds of 0.2% or 0.3%. 

CBD (cannabidiol) has been shown to have very low toxicity in humans and in other 

species (MAROON and BOST, 2018) and acts as an antagonist of the psychoactive cannabinoid 

THC. Research in animal models and humans has shown numerous therapeutic properties for 

brain function and protection. CBD has demonstrated anxiolytic, antidepressant, neuroprotective, 

anti-inflammatory, and immunomodulatory benefits. It decreases the production of inflammatory 

cytokines, influences microglial cells to return to a ramified state, preserves cerebral circulation 

during ischemic events, and reduces vascular changes and neuroinflammation (MAROON and 

BOST, 2018; CAMPOSA et al., 2016). 

In order to fully benefit from the therapeutic properties of cannabis, breeding of new 

varieties with tailored cannabinoid content is needed. Micropropagation is the basic technique 
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used in modern biotechnological breeding approaches and for fast vegetative propagation with 

high multiplication rates. There are only a few reports on experiments using tissue cultures of 

cannabis: micropropagation (LATA et al., 2009a, 2009b; LATA et al., 2011; LATA et al., 2016a, 

2016b; WANG et al., 2009), adventitious regeneration (LATA et al., 2010; CHAOHUA et al., 2016; 

WIELGUS et al., 2008), and two reports about transformation with Agrobacterium (FEENEY and 

PUNJA, 2003; WAHBY et al., 2013). The knowledge about genetic data is wider and comprises 

molecular markers for sex determination (MENDEL et al., 2016), genomes and transcriptomes 

(VAN BAKEL et al., 2011), genetic structure of cannabis (SAWLER et al., 2015), genes involved in 

cannabinoid synthesis (WEIBLEN et al., 2015; DE MEIJER and HAMMOND, 2016; WELLING et al., 

2016a, 2016b), and molecular markers (ALGHANIM and ALMIRALL, 2003; GAO et al., 2014; 

SOLER et al., 2017; SOORNI et al., 2017). 

The aims of our study were to develop a protocol for the micropropagation of two high-

CBD breeding lines and to assess the usefulness of microsatellite molecular markers for cannabis 

breeding. We tested 22 plant tissue culture media and evaluated their effects on shoot 

proliferation and acclimatization. The molecular markers were used to assess genetic diversity 

among and within the breeding lines and to identify the origin of micropropagated plants. 

 

MATERIAL AND METHODS 

Plant material and growing conditions 

Two breeding lines of medical Cannabis sativa L. (MX-CBD-11 and MX-CBD-707), 

owned by MGC Pharma Ltd. (UK), were included in this study. They both have high CBD 

content but distinct morphological characteristics: breeding line MX-CBD-11 develops longer 

internodes and narrow leaflets, while breeding line MX-CBD-707 develops shorter internodes 

resulting in a bushier growth habit and wide leaflets (Figure 1). Ninety-five plants were grown 

from feminized seeds under controlled conditions for vegetative growth (16/8 light/dark regime, 

24–26°C, 60% relative humidity) in a greenhouse of the Biotechnical Faculty of the University 

of Ljubljana. Permission to cultivate the plants of medical cannabis was obtained from the 

Ministry of Health of the Republic of Slovenia. 

 
Figure 1. Shoots of breeding lines MX-CBD-11 (left) and MX-CBD-707 (right) 

 

Tissue culture 

For tissue culture experiments, nodal segments containing axillary buds were used as 

explants. They were surface sterilized in a 1.67% solution of dichloroisocyanuric acid (Sigma) 
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with a few drops of Tween 20 (Sigma) for 8 min and rinsed with sterile double-distilled water 

three times. Individual nodal segments were inoculated onto 22 solid culture media containing 

Murashige and Skoog basal salts and vitamins (MS; MURASHIGE and SKOOG, 1962; Duchefa 

Biochemie B.V.), 30 g/L sucrose and 8 g/L agar, pH 5.8, supplemented with thidiazuron (TDZ), 

meta-Topolin (mT), 6-benzylaminopurine (BAP), or indole-3-acetic acid (IAA) (Table 1). The 

nodes were cultured at 25°C under a 16-hour photoperiod. The number of developed shoots and 

their lengths were evaluated after at least one month in culture. To study the effect of node 

position on shoot initiation, an experiment of inoculation nodes from different shot segments on 

CS-0 was performed. The positions of inoculated nodes were labelled as follows: 1–node closest 

to the apical meristem, 5–the most distant node. 

 

Table 1. Components of tissue culture media for shoots proliferation 

Medium TDZ (g/L) meta-Topolin (g/L) BAP (g/L) IAA (g/L) 

CS-0 - - - - 

CS-01 0.1 - - - 

CS-02 - 0.5 - - 

CS-03 0.011 - - - 

CS-04 0.11 - - - 

CS-05 0.22 - - - 

CS-06 0.44 - - - 

CS-07 0.88 - - - 

CS-08 1.76 - - - 

CS-09 - 0.012 - - 

CS-10 - 0.12 - - 

CS-11 - 0.24 - - 

CS-12 - 0.48 - - 

CS-13 - 0.96 - - 

CS-14 - 1.93 - - 

CS-15 - - 1.0 - 

CS-16 - - 2.5 - 

CS-17 - - 5.0 - 

CS-18 - - - 0.1 

CS-19 - - 1.0 0.1 

CS-20 - - 2.5 0.1 

CS-21 - - 5.0 0.1 

 

Molecular characterization with microsatellite markers 

Total genomic DNA was extracted from the leaf tissue of individual plants by a modified 

cetyltrimethylammonium bromide (CTAB) method (DOYLE and DOYLE, 1990). PCR reactions 

were performed in a total volume of 15 µL and were composed of: 15 ng genomic DNA, 0.5 U 

Taq-DNA polymerase (Promega), 1 x supplied PCR buffer, 3 mM MgCl2, 0.2 mM of each 

dNTP, 0.15 µM of each forward and reverse primer (Gao et al. 2014; Table 2) and 0.2 µM of 
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dye-labeled (FAM, VIC, NED, or PET) primer. Forward primers were designed with an 18-bp 

M13(-21) tail sequence, complementary to the dye-labeled primer, added to their 5’ ends (5’-

TGTAAAACGACGGCCAGT-3’). The following protocol was used for PCR amplification: 

initial denaturation for 3 min at 94°C, 10 cycles of 30 s at 95°C, 30 s at 65°C (with a 1°C 

decrease every cycle), and 30 s at 72°C. The products were further amplified for 20 cycles at 

95°C for 30 s, 55°C for 30 s, and 72°C for 30 s. A final extension at 72°C for 5 min was used. 

Fluorescently labeled amplified DNA fragments were separated by capillary electrophoresis 

using an ABI PRISM™ 3100 Genetic Analyzer (Thermo Fisher Scientific, Waltham, MA). 

Electropherograms were analyzed with GeneMapper Version 3.5 software (Applied Biosystems, 

Foster City, CA) and GeneScan™ 600 LIZ™ Size Standard was used as an internal standard. 

Results were recorded as allele lengths and analyzed with GenAlEx 6.51 software (SMOUSE et 

al., 2017). The allelic data were converted into a binary matrix with 0 and 1 representing allele 

absence and presence, respectively. The data were analyzed using the Numerical Taxonomy and 

Multivariate Analysis System (NTSYS 2.10) software (ROHLF, 2002). Genetic similarity 

coefficients were calculated, and the unweighted pair group method with arithmetic mean 

(UPGMA) dendrogram was constructed to determine the genetic relationships among the plants. 

The results were analysed also with the R program AMaCAID to identify the optimal and 

smallest subset of markers that allows to distinguish all the revealed multilocus genotypes 

(CAROLI et al., 2011). 

 

Table 2. Primer pairs used for amplification of 16 microsatellite loci of Cannabis sativa L. breeding lines 

MX-CBD-11 and MX-CBD-707 

Maker Forward primer (5'-3') Reverse primer (5'-3') Motif* No. of 

alleles* 

Product 

size 

(bp)* 

CAN0010 TCCAAACGTTCTCTCTCTCC CTACTAACCCAATCAGACCCA (GTG)6 3 276 

CAN0017 GACAAGCACACAGACAGCTC ATCTAAAGCCGGAGAATGTG (CT)10 2 270 

CAN0031 GGGAGCTGCCTTCTATGTTA AGGGAAAAGCTTGACTGCT (TA)9 3 288 

CAN0033 CTCACTGAACGAACGATTTG GCAGTTGGACTACTCTCGCT (AAT)7 2 294 

CAN0039 GCAGCCATAGTCATGGTGTA GTCATTGGAAAGACCAGCTT (CAT)8 4 220 

CAN0047 GGTCATGCTGGATCATTTTC GGTGGCCTTAATGATGTTGT (TGTTT)4 2 239 

CAN0051 AACCCAAAAGAGCTGAGAGA CTCAGCAAGGTGAGTACACG (TCA)6 3 291 

CAN0066 CGCTTGTCCTTCCTACAAAT GATGTTACTATCGTTTGGCG (TC)14 3 267 

CAN0093 CAGTCTCTCAGATCAGACTACC AGCGGCTAGCGTAACAGTAT (GA)11 4 211 

CAN0099 AAAACTGAGGGCTTTGAGTG ACTTTTAATGGGTGTCGGTG (TC)9 3 266 

CAN0160 GGACAACACAGAAATGAGCA CACTTTGCAGCCTATTTCCT (AG)9 3 167 

CAN0164 CTTCTTCCCTGAAACGCTTA TTCCTTCAAGAGCGTATTCC (AG)11 3 282 

CAN2354 CCAGTCCCACCACTGTAGAT GGGCCATTGTAATTCTTAGC (CTA)6 3 294 

CAN2607 TTTCGAGCTGTTGCTCTCTA CCTCTTGAGGGAACAAACAC (GAG)6 3 160 

CAN2633 GGCAAACTTGTAGTGCTCTT GGAAGTTAGCACTGCAGACA (TC)9 4 151 

CAN2913 AGGAACACTTTGAAAGCGAG CGGTCATCTACCTTGAGCTT (AAG)7 7 130 

* Reported in GAO et al., 2014 
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RESULTS AND DISCUSSION 

Tissue culture on MS medium supplemented with TDZ or meta-Topolin 

Despite its high economic value, reports about micropropagation of medical cannabis are 

limited to a few articles by one group from the University of Mississippi (LATA et al., 2009a, 

2009b, 2016a, 2016b). In our first experiment, we used two media that were reported to give the 

best results regarding the number of regenerated shoots: CS-01 with 0.1 mg/L TDZ (LATA et al., 

2009a, 2009b, 2016a) and CS-02 with 0.5 mg/L mT (LATA et al., 2016b), in comparison with the 

basal MS medium without the addition of hormones (CS-0) (Table 1). After one month in 

culture, 97.8% of MX-CBD-11 explants produced shoots on both media, while 62.9% and 54.5% 

of MX-CBD-707 explants formed shoots on CS-01 and CS-02, respectively. The number of 

shoots per explant varied between 0 and 4 for MX-CBD-11 and from 0 to 2 for MX-CBD-707 on 

both media (CS-01, CS-02). The average number of shoots obtained on both media (MX-CBD-

11: 1.67 on CS-01 and 1.78 on CS-02; MX-CBD-707: 0.77 on CS-01 and 0.59 on CS-02) was 

significantly lower than that reported in the literature, in which 11.89 and 13.44 shoots per 

explant on CS-01 and CS-02 were obtained (LATA et al., 2016b), respectively. On both media, 

the breeding line MX-CBD-11 produced a higher average number of shoots per explant and 

longer shoots (MX-CBD-11: 9.30 on CS-01 and 12.60 on CS-02; MX-CBD-707: 8.30 on CS-01 

and 9.00 on CS-02) than the breeding line MX-CBD-707. The results on media supplemented 

with TDZ or mT did not differ significantly from the results on CS-0 without hormones, on 

which 97.7% of MX-CBD-11 and 64.1% of MX-CBD-707 explants formed shoots. On CS-0 the 

average number of shoots per explants was 1.12 and 0.82 for breeding lines MX-CBD-11 and 

MX-CBD-707, respectively). 

 

 

Figure 2. Axillary shoots of breeding line MX-CBD-11 on the basal MS medium CS-0 (a), MS medium 

supplemented with TDZ CS-01 (b) and MS medium supplemented with meta-Topolin CS-02 (c) 

 



Š. MESTINŠEK MUBI et al: In vitro TISSUE CULTURE OF TWO CANNABIS BREEDING LINES                      931 

The shoots of the MX-CBD-707 were mostly short, compact, and hyperhydrated. On MS 

medium supplemented with TDZ (CS-01), they were chlorotic and hyperhydrated. The shoots of 

both breeding lines that were formed on the medium with meta-Topolin were dark green, but 

with short internodes (Figure 2). 

In our next experiment, we tested several new media with TDZ and mT concentrations 

from 0.011 to 1.76 mg/L and 0.012 to 1.93 mg/L, respectively. We counted the number of 

developed shoots and measured their lengths at three time points: 23, 36, and 52 days after 

inoculation. The results presented in Table 3 show that the explants formed shoots on all media 

and that the number of shoots per node of both breeding lines increased with time. The number 

of developed shoots per explant remained between 0 and 4 even at elevated hormone 

concentrations (CS-03 – CS-14) and did not differ significantly using the basal MS medium 

without hormones (CS-0). We noticed that the regenerated shoots became yellow and chlorotic 

with time, except on the basal MS medium, where they remained normal and green even after 52 

days of culture. The highest average number of regenerated shoots per explant was 2 (36 days of 

culture), still lower than the numbers reported in the literature (LATA et al., 2009a, 2009b, 

2016a, 2016b). 

 

Table 3. Average number of regenerated shoots per explant of breeding lines MX-CBD-11 and MX-CBD-

707 after 23, 36, and 52 days of culture 

  Breeding line MX-CBD-11  Breeding line MX-CBD-707 

Medium No. of 

cultured 

explants 

Average no. of shoots 

per explant* ± SE 

No. of 

cultured 

explants 

Average no. of shoots 

per explant* ± SE 

  23 days 36 days 52 days  23 days 36 days 52 days 

CS-0 11 1.09±0.16 1.55±0.25 2.00±0.45 10 1.00±0.00 1.56±0.18 2.00±0.29 

CS-03 (0.01 TDZ) 12 1.33±0.14 1.42±0.15 2.00±0.25 9 1.29±0.29 2.14±0.14 2.43±0.20 

CS-04 (0.11 TDZ) 11 1.33±0.17 1.56±0.18 2.00±0.24 10 1.33±0.17 1.56±0.18 1.89±0.11 

CS-05 (0.22 TDZ) 11 1.27±0.19 2.00±0.23 2.64±0.24 10 1.10±0.10 1.80±0.20 2.10±0.31 

CS-06 (0.44 TDZ) 11 1.07±0.07 2.07±0.25 2.67±0.30 10 1.17±0.17 1.67±0.21 2.00±0.37 

CS-07 (0.88 TDZ) 11 1.27±0.19 1.27±0.14 1.55±0.16 10 1.20±0.13 1.40±0.16 1.50±0.17 

CS-08 (1.76 TDZ) 12 1.11±0.11 1.22±0.15 1.22±0.15 10 1.10±0.10 1.50±0.17 1.70±0.15 

         

CS-09 (0.01 mT) 11 1.18±0.12 1.55±0.21 1.82±0.18 10 1.13±0.13 2.00±0.19 2.25±0.25 

CS-10 (0.12 mT) 12 1.18±0.12 1.55±0.16 2.00±0.23 9 1.25±0.16 1.63±0.18 1.88±0.30 

CS-11 (0.24 mT) 11 1.00±0.00 2.00±0.37 3.00±0.26 11 1.09±0.09 1.45±0.18 1.82±0.23 

CS-12 (0.48 mT) 11 1.00±0.00 1.36±0.15 1.64±0.15 10 1.25±0.16 1.71±0.29 1.86±0.26 

CS-13 (0.96 mT) 11 1.08±0.08 1.83±0.21 2.42±0.26 9 1.13±0.13 1.50±0.19 1.75±0.25 

CS-14 (1.93 mT) 12 1.00±0.00 1.38±0.18 1.63±0.26 9 0.88±0.13 1.25±0.16 1.63±0.26 

* The average numbers were calculated based on the numbers of non-infected explants at 23, 36, or 52 days of culture 
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Tissue culture on MS medium supplemented with BAP and IAA 

Due to the low responsiveness of our breeding lines to media supplemented with TDZ 

and mT, we prepared new media for shoot regeneration. They were based on MS basal medium 

supplemented with BAP and IAA at various concentrations. We inoculated ten explants on each 

medium, and after 30 days we counted the number of regenerated shoots, evaluated their lengths, 

and counted the number of nodes on the shoots. 

On the media with only BAP, the higher average number of MX-CBD-11 shoots (1.3 

shoots/explant) developed on the medium with 5 mg/L of BAP, and the longest (11 mm) shoots 

developed on the medium with 2.5 mg/L BAP. With the addition of 0.1 mg/L IAA, the average 

numbers increased to 1.4 shoots/explant (CS-20) and almost 4 cm in length (Table 4), 

respectively. On both types of media (with or without IAA), the lower the number of shoots that 

developed, the longer they were. The medium CS-19 outperformed all other media regarding the 

lengths of developed shoots. 

 

Table 4. Numbers and lengths of regenerated shoots of breeding lines MX-CBD-11 and MX-CBD-707 on 

media supplemented with BAP and IAA 

Medium Breeding line  % of 

explants 

forming 

shoots 

No. of 

regene

rated 

shoots 

Average no. 

of shoots per 

explant ± SE 

Average length 

of shoots (mm) 

± SE 

Average no. 

of nodes per 

shoot ± SE 

CS-0 (0 BAP, 0 IAA) MX-CBD-11 90 10 1.00±0.15 4.20±0.77 1.50±0.27 

CS-0 (0 BAP, 0 IAA) MX-CBD-707 100 10 1.00±0.00 3.90±0.75 1.90±0.23 

CS-15 (1 BAP, 0 IAA) MX-CBD-11 100 11 1.10±0.10 8.20±1.27 2.20±0.29 

CS-15 (1 BAP, 0 IAA) MX-CBD-707 90 10 1.00±0.15 6.20±1.22 1.80±0.39 

CS-16 (2.5 BAP, 0 IAA) MX-CBD-11 90 10 1.00±0.15 11.00±2.13 2.90±0.60 

CS-16 (2.5 BAP, 0 IAA) MX-CBD-707 90 13 1.30±0.21 4.00±0.50 1.50±0.22 

CS-17 (5 BAP, 0 IAA) MX-CBD-11 100 13 1.30±0.15 4.10±0.77 2.10±0.31 

CS-17 (5 BAP, 0 IAA) MX-CBD-707 90 13 1.30±0.21 3.90±0.48 1.40±0.27 

CS-18 (0 BAP, 0.1 IAA) MX-CBD-11 100 11 1.10±0.10 7.60±1.48 3.00±0.42 

CS-18 (0 BAP, 0.1 IAA) MX-CBD-707 100 11 1.10±0.10 5.20±0.83 2.70±0.30 

CS-19 (1 BAP, 0.1 IAA) MX-CBD-11 90 9 0.90±0.10 38.90±3.98 4.00±0.54 

CS-19 (1 BAP, 0.1 IAA) MX-CBD-707 70 8 0.80±0.20 3.90±0.46 1.30±0.33 

CS-20 (2.5 BAP, 0.1 IAA) MX-CBD-11 90 14 1.40±0.27 8.90±1.93 2.30±0.37 

CS-20 (2.5 BAP, 0.1 IAA) MX-CBD-707 80 11 1.10±0.28 3.90±0.40 1.70±0.40 

CS-21 (5 BAP, 0.1 IAA) MX-CBD-11 80 10 1.00±0.21 6.50±1.66 2.20±0.42 

CS-21 (5 BAP, 0.1 IAA) MX-CBD-707 90 12 1.20±0.20 3.80±0.89 1.40±0.22 
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Inoculation of the nodes of breeding line MX-CBD-707 on the same media resulted in 

similar numbers of regenerated shoots per explant as with the breeding line MX-CBD-11 (Table 

4), but the shoots were shorter. On average, they were 3.8 to 6.2 mm long, while the lengths of 

MX-CBD-11 shoots were 4.1 to 38.9 mm. The shorter lengths of MX-CBD-707 shoots can be 

explained by the natural bushiness of MX-CBD-707 observed in vivo and by a lower number of 

nodes per shoot. The average numbers of nodes per shoot were from 1.5 to 4 and from 1.3 to 2.7 

for MX-CBD-11 and MX-CBD-707, respectively. 

On the basal MS medium without hormones (CS-0), some of the shoots formed roots. 

Thirteen plants (5 plants of MX-CBD-11 and 8 plants of MX-CBD-707) were transplanted to a 

substrate in growing chambers for acclimatization. Eight plants acclimatized successfully (four 

of MX-CBD-11 and four of MX-CBD-707) (Figure 3). 

 

 

Figure 3. Acclimatization of cultured plants 

 

The effect of node position on regeneration of axillary shoots 

In order to determine whether the node position affected the ability to regenerate shoots, 

another experiment was performed in which the nodes of both breeding lines were inoculated on 

CS-0. The positions of inoculated nodes were labeled: 1–node closest to the apical meristem, 5–

the most distant node. The numbers of regenerated shoots and their lengths were recorded after 

one month of culture (Table 5). 

The results showed (Table 5) that for both breeding lines, the nodes closer to the apical 

meristem produced fewer axillary shoots than the distal ones. In the breeding line MX-CBD-11, 

the average length of shoots of the first node was 5.00 mm, while the average length of shoots 

from the fifth node was twice as much (10.00 mm). The highest number of shoots regenerated 

from the fourth node. On the breeding line MX-CBD-707, the average length of the shoots from 

the first node was also 5.00 mm, while from the fifth node it was 15.00 mm. The highest number 
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of shoots developed from the fourth node, as with MX-CBD-11. In both breeding lines, the 

shoots that regenerated from the first node started blooming in tissue culture. 

 

Table 5. Average numbers and lengths of regenerated axillary shoots from different node positions 

 Breeding line MX-CBD-11 Breeding line MX-CBD-707 

Node 

position 

No. of 

inoculated 

nodes  

No. of 

regenerated 

shoots 

Average 

no. of 

shoots 

per node 

± SE 

Average 

length of 

shoots 

(mm) ± SE 

No. of 

inoculated 

nodes  

No. of 

regenerated 

shoots 

Average 

no. of 

shoots 

per node 

± SE 

Average 

length of 

shoots 

(mm) ± SE 

1 15 14 0.93±0.12 5.00±0.76 15 15 1.00±0.10 5.00±0.77 

2 15 14 0.93±0.15 5.00±0.72 15 17 1.13±0.17 5.50±0.83 

3 15 18 1.20±0.17 8.00±0.99 15 17 1.13±0.13 12.50±1.63 

4 15 24 1.60±0.19 8.10±1.18 15 22 1.47±0.22 14.50±1.50 

5 15 17 1.13±0.13 10.00±0.96 15 18 1.20±0.14 15.00±1.28 

 

The effect of node position was already studied in other plant species. In Corylus avellana 

L., Hand and colleagues discovered that node position has an influence on the occurrence of 

bacterial and fungal infections in culture, which were more frequent than in the more distal 

nodes. They concluded that initiation of aseptic culture was most successful with the first three 

nodes, except for the apical shoot (HAND et al., 2016). KHOSH-KHUI and SHEKAFANDEH (2008) 

also found that the longest and least-infected shoot cultures developed mainly from the second 

node of Psidium guajava L. In Caralluma lasiantha (Wight), nodes from seven different 

positions were tested, and the second node position again produced the highest numbers and the 

longest shoots when compared to shoot tips in other nodal positions (ARUNA et al., 2012). 

SREEKUMAR et al. (2000) also reported a similar pattern of response in the case of Hemidesmus 

indicus L. 

 

Microsatellite markers 

The genetic analysis with microsatellite markers was performed on DNA isolated from 46 

plants of breeding line MX-CBD-11 and 49 plants of breeding line MX-CBD-707. The 95 DNA 

samples were analyzed with 16 SSR markers developed by GAO et al. (2014). Fifteen SSRs 

were polymorphic, and one marker (CAN0010) was monomorphic, amplifying only one 280-bp-

long allele in all samples. The number of amplified alleles per locus varied from 1 (CAN0010) to 

5 (CAN2633, CAN2913), and the allele sizes varied from 132 bp (CAN2913) to 327 bp 

(CAN2354) (Table 6). We amplified a total of 51 different alleles with an average of 3.3 alleles 

per polymorphic locus. Some of the alleles were amplified in only one of the breeding lines 

analyzed. Such alleles are marked with an asterisk in Table 6. AMOVA analysis showed that 

31% of the molecular variation observed was a result of differences among breeding lines, and 

66% of the variation was due to differences among plants. 
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Table 6. Results of microsatellite analysis of 95 plants of breeding lines MX-CBD-11 and MX-CBD-707: 

number of amplified alleles (NA), lengths and frequencies of alleles, observed heterozygosity (Ho), 

and expected heterozygosity (HE) per locus. Alleles unique for only one breeding line are marked 

with an asterisk (*) 

Maker NA Ho HE Allele lengths 

(and frequency) in 

MX-CBD-707 

Allele lengths 

(and frequency) in 

MX-CBD-11 

CAN0010 1 0.000 0.000 280 (1.000) 280 (1.000) 

CAN0017 3 0.421 0.343 278 (0.235)* 

284 (0.765) 

284 (0.793) 

290 (0.207)* 

CAN0031 4 0.949 0.635 293 (0.255)* 

299 (0.296) 

305 (0.449) 

295 (0.500)* 

299 (0.250) 

305 (0.250) 

CAN0033 2 0.272 0.198 312 (1.000) 312 (0.728) 

315 (0.272)* 

CAN0039 3 0.821 0.660 223 (0.408) 

229 (0.276) 

235 (0.316) 

223 (0.380) 

229 (0.304) 

235 (0.315) 

CAN0047 2 0.441 0.343 255 (0.765) 

260 (0.235) 

255 (0.793) 

260 (0.207) 

CAN0051 4 1.000 0.621 312 (0.500) 

315 (0.500) 

308 (0.185)* 

312 (0.315) 

315 (0.261) 

325 (0.239)* 

CAN0066 3 0.755 0.502 282 (0.745) 

288 (0.255) 

 

282 (0.261) 

286 (0.239)* 

288 (0.500) 

CAN0093 3 0.735 0.563 229 (0.500) 

236 (0.500) 

 

229 (0.250) 

236 (0.250) 

240 (0.500)* 

CAN0099 4 0.908 0.692 278 (0.449) 

282 (0.255) 

286 (0.296) 

 

278 (0.326) 

280 (0.174)* 

282 (0.272) 

286 (0.228) 

CAN0160 3 0.600 0.420 175 (0.306)* 

179 (0.694) 

177 (0.293)* 

179 (0.707) 

CAN0164 3 0.816 0.528 291 (0.316) 

298 (0.684) 

 

291 (0.228) 

298 (0.500) 

312 (0.272)* 

CAN2354 3 0.614 0.499 309 (0.745) 

327 (0.255) 

 

309 (0.511) 

312 (0.261)* 

327 (0.228) 

CAN2607 3 0.265 0.299 171 (0.265)* 168 (0.118)* 



936                                                                                                             GENETIKA, Vol. 52, No3, 925-941, 2020 

174 (0.735) 174 (0.882) 

CAN2633 5 0.323 0.489 147 (0.034)* 

163 (0.810) 

195 (0.155)* 

161 (0.272)* 

163 (0.380) 

165 (0.348)* 

CAN2913 5 0.898 0.695 135 (0.306) 

138 (0.255)* 

147 (0.439) 

132 (0.304)* 

135 (0.217) 

141 (0.196)* 

147 (0.283) 

 

The observed heterozygosities were higher than expected for most (13) loci, except for 

the monomorphic locus CAN0010 and loci CAN2607 and CAN2633, which had high 

frequencies of null alleles in MX-CBD-11 and MX-CBD-707, respectively. The results for these 

loci were excluded from further analyses. 

UPGMA analysis showed that the plants from the two breeding lines formed two major 

clusters according to their provenience – all plants of MX-CBD-11 in one cluster and all plants 

of MX-CBD-707 in the other (Supplementary Figure 1). In the study by GAO et al. (2014), the 

authors used 45 polymorphic primer pairs to evaluate the genetic diversity and relatedness 

among 115 cannabis genotypes from China, Ukraine, Poland, and France (GAO et al., 2014). In 

our study, 15 polymorphic primer pairs were enough to distinguish closely related plants within 

two high-CBD breeding lines (Figure 4) that cannot be distinguished with morphological 

examination. 

 

 

Figure 4. UPGMA analysis of 95 plants of breeding lines MX-CBD-11 and MX-CBD-707 
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The obtained genetic profiles were afterwards examined for identification of the 

provenience of the micropropagated plants. The acclimatized plants were analysed on all the 15 

polymorphic loci, and it was possible to determine from which mother plant they regenerated. 

Two micropropagated plants (MIC-1, MIC-2) were derived from the same mother plant MX-

CBD-707/41; MIC-3 derived from MX-CBD-707/20; MIC-4 from MX-CBD-707/46; MIC-5 

from MX-CBD-11/26; MIC-6 and MIC-7 from MX-CBD-11/4; and MIC-8 from MX-CBD-

11/27. 

The analysis showed that eight SSR markers (CAN0051, CAN0066, CAN0099, 

CAN0164, CAN0093, CAN0039, CAN0017, CAN0033) were enough to distinguish all the 

observed multilocus genotypes. By using only this set of markers, each of the 95 plants included 

in our study already showed a unique SSR profile. 

 

CONCLUSIONS 

Our results on the tissue culture of two high-CBD breeding lines demonstrated the recalcitrance 

of cannabis in tissue culture and its low multiplication rate. We tested a vast variety of culture 

media, followed regeneration of shoots for a prolonged period (up to 52 days), and optimized the 

source of explants, but the number of regenerated shoots still remained lower than reported in the 

literature (LATA et al., 2009a, 2009b, 2016a, 2016b). It confirms the genotype dependency of 

tissue culture responsiveness and explains why the micropropagation of cannabis has been 

achieved so far by only one research group on only one high-THC narcotic Mexican genotype. 

To accelerate breeding of this highly valued plant species, and to take advantage of the 

biotechnological approaches available nowadays (genome editing, genetic transformation, 

modulation of gene expression), new research on cannabis in vitro cultures is needed. The large 

amount of already-published genomic and transcriptomic data provides useful data and tools for 

breeding. As we showed in this research, a set of eight polymorphic microsatellite molecular 

markers was enough to distinguish all the plants within breeding lines that were genetically 

similar and morphologically indistinguishable. It enabled us to identify micropropagated plants 

and will be used in the future for clonal identification and differentiation purposes.  
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Izvod 

Vrsta Cannabis sativa L. nedavno je svedočila ponovnom oživljavanju interesovanja širom sveta 

zbog svojih višenamenskih primena i naučne potvrde svojih farmakoloških svojstava. Genotipovi 

sa visokim sadržajem kanabinoida cenjeni su u farmaceutskoj i kozmetičkoj industriji zbog svog 

terapijskog potencijala. Ovi genotipovi, sa pretežno visokim sadržajem kanabidiola (CBD), 

predmet su istraživanja i oplemenjivanja u nekoliko programa, ali do danas je objavljeno malo 

podataka o in vitro kulturi tkiva kanabisa. Naša studija se fokusirala na uspostavljanje efikasne 

metode mikropropagacije za dve linije sa visokim sadržajem CBD (MKS-CBD-11 i MKS-CBD-

707) kao osnovu za napredne biotehnološke pristupe oplemenjivanja. Rezultati su pokazali da se 

in vitro kultura medicinskog kanabisa može zasnovati na različitim medijima za uzgoj kulture, 

da se te biljke mogu uspešno aklimatizovati i da čvorni položaj, a posebno genotip, imaju 

značajan uticaj na uspeh uspostavljanja kulture izdanaka. Pokazali su da publikovani mediji za 

kulturu tkiva optimizovani za jedan soj meksičkog kanabisa sa visokim THC-om nisu toliko 

efikasni za druge genotipove (medicinske) kanabisa. Završili smo ovo istraživanje genetskom 

studijom 95 biljaka sa dve linije za oplemenjivanje sa 16 mikrosatelitskih (SSR) markera koji su 

grupisali biljke na osnovu linije za oplemenjivanje. Rezultati su pokazali da je za diskriminaciju 

svih analiziranih biljaka i njihovu upotrebljivost za klonsku identifikaciju potrebno samo 8 

markera. 
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