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Abstract 

Determination of the genetic characters of the plants obtained using plant tissue culture methods is important. 

In this study, the genetic fidelity of the plants, which are obtained by the micropropagation of the shoot tip 

explants of the Origanum majorana L. plant of medicinal and economical value in Murashige and Skoog 

(MS) medium which contains 1.0 mg/L Benzil Amino Purin (BAP), 0.1 mg/L naphthaleneacetic acid (NAA), 

3% sucrose and 0.7% agar, has been investigated by using random amplified polymorphic DNA (RAPD-

PCR) technique. Monomorphic bands were obtained as a result of all of the RAPD-PCR analyses performed. 

According to the results obtained, no polymorphism was detected among the micropropagated plants.  

Keywords: Genetic fidelity, Medicinal herb, Micropropagation, Origanum majorana L., RAPD.  

1. Introduction 

Turkey holds approximately 70% of world thyme trade. 

One of the major thyme species exported is Origanum 

majorana L.’ (Lamiaceae) [1]. O. majorana, 

characterised by its strong, sweet, spicy and pleasant 

smell, contains borneol, camphor, pinene, thymol, 

carvacrol, and its non-volatile components contain 

several metabolites, such as phenolic terpenoids (thymol 

and carvacrol), flavonoids (diosmetin, luteolin, and 

apigenin), tannins, hydroquinone, phenolic glycosides 

(arbutin, methyl arbutin, vitexin, orientin, and thymonin) 

and triterpenoids (ursolic acid and oleanolic acid) [2]. 

The tea made with O. majorana leaves and flowers is 

used in traditional medicine to alleviate symptoms of hay 

fever, sinus obstruction, indigestion, asthma, abdominal 

pain, headache, dizziness, colds, cough, and nervous 

system disorders [3]. Because of its pharmacological 

properties as well as its traditional use, it has been found 

that it has many medical effects, such as anticancer, 

antioxidant, antibacterial, antifungal, antiprotozoal, 

antiulcerogenic, anticoagulant, antiplatelet, 

antihyperglycemic, antigut, sedative, and diuretic [4]. 

Vegetative propagation is preferred over generative 

multiplication in origanum species. Studies on the 

production of tissues, organs or cells of many plants with 

vegetative production ability with plant tissue culture 

methods under in vitro conditions in artificial nutrient 

media, regardless of climatic factors, are reported in 

literatures [5, 6]. In the optimization studies performed in 

plant tissue culture applications, the general aim is 

primarily to obtain a large number of plants. However, 

studies have shown that tissue culture conditions may 

cause stress in plants and consequently genetic stability 

of the cloned genotype may change [7]. Genetic 

characters can be determined by phenotypic, cytological, 

and molecular examinations. It has been reported after 

several investigations that the most suitable of these 

methods are the molecular techniques [8, 9]. The 

principal molecular techniques used in the determination 

of the genetic differences are RFLP (Restriction 

Fragment Length Polymorphism), AFLP (Amplified 

Fragment Length Polymorphism), RAPD (Random 

Amplified Polymorphic DNA), SSR (Simple Sequence 

Repeats), ISSR (Inter Simple Sequence Repeats), and 

SCAR (Sequence Characterised Amplified Region) [10]. 

The RAPD technique, among these techniques, is one of 

the most preferred methods because of the diversity of 

genetic resources, the determination of relationships 

among individuals in plant populations, and the cheap, 

short-term use of genetic mapping studies [11]. In recent 

years, there have been many studies in literature on the 

use of the RAPD method in the analysis of genetic 

characterisation of plants produced by plant tissue culture 

[12-14]. 

In this study, the analysis of the genetic fidelity of the 

plants obtained by in vitro micropropagation of the 

Origanum majonara L. plant, which has medicinal, 

aromatic, and economical significance, using the RAPD-

PCR method was investigated.  

2. Materials and Methods 

2.1. Micropropagation studies 

Origanum majorana seeds have been supplied from 

Kütahya Hekim Sinan Medicinal Herbs Research Centre. 

In order to obtain explants to be used in 

micropropagation studies, Origanum majorana L. seeds 

were germinated under in vitro conditions in Murashige 

and Skoog (MS) medium [15].  Seeds were surface 
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disinfested with 70% ethanol for 4 min followed by 

immersion in 2.5% NaOCl for 6 min and finally rinsed 

with sterilised distilled water 3 times for 3 min in flow 

chamber. The shoot tip explants isolated from the 

plantlets obtained in sterile conditions were transferred to 

MS medium containing 1.0 mg/L 6-benzylaminopurine 

(BAP) and 0.1 mg/L naphthaleneacetic acid (NAA), 3% 

sucrose and 0.7% agar. For rooting studies, shoots with 

well-developed leaves were selected and transferred to 

MS medium containing 1 mg/L IBA. Approximately 2 

weeks later, rooted plantlets were transferred to pots 

containing sterile humus and garden soil for 

acclimatisation studies.  

2.2. Culture media and culture conditions  
MS medium containing 0.1 mg/L myo-inositol, 3% (v/v) 

sucrose, 0.7% (w/v) agar was used in all studies. The pH 

of the medium was adjusted to 5.8 with 1N NaOH and 

1N HCl prior to agar loading. Sterilisation of all 

equipment and media was carried out at autoclave under 

1.1 atm pressure at 121°C for 15 min. All the cultures 

were incubated in a culture chamber at a temperature of 

25±2°C and a light intensity of 3000-lux in a 16/8 hour 

(light/dark) photoperiod. Cultures were transferred to 

fresh media every 2 weeks.  

Table 1. Nucleotide sequence of primers used in RAPD 

studies. 

Primer code Primer Sequence (5’-3’) 
OPF-16 GGAGTACTGG 

OPO-15 TGGCGTCCTT 

OPO-11 GACAGGAGGT 

OPN-12 CACAGACACC 

OPK-06 CACCTTTCCC 

OPT-16 GGTGAACGCT 

OPP-06 GTGGGCTGAC 

OPM-06 CTGGGCAACT 

 

2.3. Genetic fidelity analyses  

The genetic fidelity of the plants obtained from 14-week-

old plants by the shoot tip culture method was 

investigated using the RAPD-PCR method. tic Genomic 

DNA isolation was performed according to the protocol 

of the firm using GeneJET plant Genomic DNA isolation 

Mini Kit (Thermo Sci.). The amounts of DNA isolated 

from eight plants were measured with the Nanodrop™ 

instrument. For RAPD-PCR studies, 8 primers consisting 

of 10 bases produced by Operon (Almeda, Canada) firm 

were used (Table 1). The PCR amplification mixture (10 

μl) contains 1 U Taq DNA polymerase (Fermentas), 1.2 

μl dNTP mix (Promega), 1.5 μl 10 X PCR reaction 

buffer, 2.0 μl MgS04, 1.0 μl primer (Operon) and 20 ng 

of genomic DNA. The amplification reaction consisted 

of an initial denaturation step at 94 °C for 30 s, followed 

by 35 cycles of 25 s denaturation at 94 °C, 45 s annealing 

at 35 °C, 1 min extension at 72 °C with a final extension 

of 72 °C for 5 min using at as the last step. The PCR 

products were resolved by electrophoresis on a 1.0% 

agarose gel. The gel was stained with ethidium bromide 

(0.5 µg/ml) and visualized under UV light.  

3. Results and Discussion 

Plant tissue culture methods allow the production of plant 

and herbal metabolites in a fixed quantity and quality 

independent of environmental conditions. Raw material 

can be produced by plant tissue culture studies and use 

for the food, drug, and cosmetic industries [16]. For this 

reason, studies on the production of medicinal herbs with 

plant tissue culture methods have gained importance in 

recent years. The O. majorana plant has medicinal and 

economic importance owing to the metabolites it 

contains. Previous studies on the micropropagation of the 

plant have demonstrated that shoot tip explants show the 

best reproducibility in MS medium containing 1.0 mg/L 

BAP and 0.1 mg/L NAA plant growth regulators (Figure 

2.) [17].  

 
Figure 2. In vitro micropropagation of Origanum 

majorana L. in MS. 

After the random amplification procedure, 6 of the 8 

primers amplified and gave a visable band in agarose gel 

electrophoresis. It was observed that all banding profiles 

from micropropagated plants were monomorphic in 

RAPD-PCR. Figure 2. presents the monomorphic 

RAPD-PCR amplification bands and OPM-06 primer of 

the micropropagated plants.  

 

Figure 1. Polymerase chain reaction (PCR) amplification 

products obtained with random amplified polymorphic 

DNA, Primer (OPM-06), Lane M-molecular marker 

(1kbp), Lanes 1-8 represent in vitro-raised hardened 

plants.   
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In the investigations carried out by Sing et al. [8], 

Asthana et al. [18] and Chavan et al. [19] no genetic 

differences were identified during the RAPD analyses 

applied to micropropagated plants. In the study, shoot 

tips were used as explants, and no callus formation was 

observed during the performance of micropropagation. It 

has been reported by Joshi and Dhawan [20] that the use 

of meristematic tissues in micropropagation studies 

results in a lower-rate genetic difference in comparison 

to regeneration through callus. The study can be 

continued as more detailed by increasing the number of 

primers or by using different molecular characterisation 

techniques. While protection of the genetic structure is an 

important issue in commercial micropropagation studies, 

formation of genotypic differences are valuable in cases 

that natural variation shrinks in terms of breeding 

practices, or where variation is difficult to be generated. 

Plant tissue culture applications are the preferred method 

among the breeding trials in which different genotypes 

are aimed at. For these reasons, it is highly significant to 

determine the genetic characterisation of the plants 

obtained by plant tissue culture processes.  

It has been designated in this study that, as a result of the 

RAPD-PCR analysis made with 6 different primers 

applied on the plants obtained by culture procedures in 

which the shoot tips of the Origanum majorana L. plant 

were exposed to the temperature of 24±2°C and 16/8 

photoperiod in MS medium containing 1.0 mg/L BAP 

and 0.1 mg/L NAA plant growth regulators, no genetic 

differences were formed between them.  

Acknowledgement 

I would like to thank Prof. Dr. Bahattin Tanyolaç for the 

laboratory support of molecular studies. 

References 

1. Avcı, B, Bayram, E, Geliştirilmiş İzmir Kekiği (Origanum Onites 
L.) klonlarının farklı ekolojik koşullarda bazı agronomik ve 

teknolojik özelliklerinin belirlenmesi, Journal of Agriculture 

Faculty of Ege University, 2013, 50(1), 13-20.  
 

2. Hajlaoui, H, Mighri, H, Aouni, M, Gharsallah, N, Kadri, A, 

Chemical composition and in vitro evaluation of antioxidant, 
antimicrobial, cytotoxicity and anti-acetylcholinesterase prop-

erties of Tunisian Origanum majorana L. essential oil, Microbial 

Pathogenesis, 2016, 95, 86-94. 

 

3. Hafez, A. A, Physico-chemical and sensory properties of cakes 

supplemented with different concentration of marjoram, Australian 
Journal of Basic and Applied Sciences, 2012, 6(13), 463-470. 

 

4. Tripathy, B, Satyanarayana, S, Khan, K. A, Raja, K, Mohanty, C, 
Phytochemical screening and antifungal activity of ethanol and 

petroleum-ether leaf extracts of Origanum majorana, International 
Journal of Pharmaceutical Research and Health Sciences, 

2016, 4(4), 1320-1323. 

 
5. Örçen, N, In vitro organogenesis and regeneration of Alfalfa 

(Medicago sativa L.) Domestic Cultivar cv. Kayseri. Fresenius 

Environmental Bulletin, 2013, 22(9a), 2770-2774. 
 

6. Bayraktar, M, Hayta, S, Parlak, S, Gurel, A, Micropropagation of 

centennial tertiary relict trees of Liquidambar orientalis Miller 

through meristematic nodules produced by cultures of primordial 
shoots, Trees, 2015, 29(4), 999-1009. 

 

7. Krishna, H, Alizadeh, M, Singh, D, Singh, U, Chauhan, N, 
Eftekhari, M, Sadh, R. K, Somaclonal variations and their 

applications in horticultural crops improvement, 3 Biotech, 2016, 

6(54), 2-18. 
 

8. Singh, S.R, Dalal, S, Singh, R, Dhawan, A.K, Kalia, R.K, 
Evaluation of genetic fidelity of in vitro raised plants of 

Dendrocalamus asper (Schult. & Schult. F.) Backer ex K. Heyne 

using DNA-based markers, Acta Physiologiae Plantarum, 2013, 
35, 419-430. 

 

9. Cheruvathur, M.K, Thomas, D. T, Shoot organogenesis from root-
drived callus of Rhinacanthus nasutus (L) Kurz. and assessment of 

clonal fidelity of micropropagated plants using RAPD analysis, 

Applied Biochemistry and Biotechnology, 2014, 172, 1172-1182. 

 

10. Filiz, E, Koç, İ, Bitki biyoteknolojisinde moleküler markörler, 

Journal of Agriculture Faculty of Gaziosmanpaşa, 2011, 28(2), 
207-214. 

 

11. Dam, A, Paul, S, Bhattacharya, C, Bandyopadhyay, T. K, Effects 
of culture conditions on multiple shoot induction from 

inflorescence and RAPD analysis of cloned plants in Limonium 

sinensis (Girard) Kuntze, var. Golden Diamond, Journal of Plant 
Biochemistry and Biotechnology, 2013, 22(3), 348-352. 

 

12. Rafii, M.Y, Shabanimofrad, M, Edaroyati, M.W.P, Latif, M.A, 
Analysis of the genetic diversity of physic nut, Jatropha curcas L. 

accessions using RAPD markers, Molecular Biology Reports, 

2012, 39, 6505-6511. 
 

13. Paul, R, Bhau, B.S, Zaman, K, Sharma, H.K, RAPD Analysis of 

DNA isolated from turmeric rhizomes collected from Northeast 
India, Advancements in Genetic Engineering, 2016, 5(146), 2169-

0111.  

 
14. Martín, C, Kremer, C, González, I, González-Benito, M. E, 

Influence of the cryopreservation technique, recovery medium and 

genotype on genetic stability of mint cryopreserved shoot tips. 
Plant Cell, Tissue and Organ Culture, 2015, 122(1), 185-195. 

 

15. Murashige, T, Skoog, F, A revised medium for rapid growth and 
bioassays with tobacco tissue cultures, Physiologia Plant, 1962, 

15, 473-497.  

 
16. Murthy, H. N, Georgiev, M. I, Park, S. Y, Dandin, V. S, Paek, K. 

Y, The safety assessment of food ingredients derived from plant 

cell, tissue and organ cultures: a review, 2015, Food chemistry, 
176, 426-432. 

 

17. Çetin, B, Demir, C, Duman, M, In 21. National Biology Congress, 
İzmir, Türkiye, 2012, pp 688-689. 

 

18. Asthana, P, Jaiswal, V. S, Jaiswal, U, Micropropagation of 
Sapindus trifoliatus L. and assessment of genetic fidelity of 

micropropagated plants using RAPD analysis, Acta Physiologiae 
Plantarum, 2011, 33(5), 1821-1829. 

 

19. Chavan, J. J, Gaikwad, N. B, Kshirsagar, P. R, Umdale, S. D, Bhat, 
K. V, Dixit, G. B, Yadav, S. R, Highly efficient in vitro 

proliferation and genetic stability analysis of micropropagated 

Ceropegia evansii by RAPD and ISSR markers: a critically 
endangered plant of Western Ghats, Plant Biosystems-An 

International Journal Dealing with all Aspects of Plant Biology, 

2015, 149(2), 442-450. 
 

20. Joshi, P, Dhawan V, Assesment of genetic fidelity of 

micropropagared Swertia chirayita plantlets by ISSR marker assay, 
Biologia Plantarum, 2007, 51(1), 22-26. 

 


