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Abstract  

 Sang Mon bamboo (Dendrocalamus sp.) is an important bamboo species with significant potential for various 

applications due to its straight, thick, and strong culm. Its ability to thrive in diverse environments has led to high market 

demand. Plant tissue culture technology provides an efficient method for the large-scale propagation of various bamboo 

species. However, the possibility of soma-clonal variation must be considered. The objectives of this research were to 

investigate the effects of various plant growth regulators, including TDZ, BA, and NAA, at different concentrations on 

shoot multiplication in Sang Mon bamboo for large-scale propagation. Additionally, the genetic stability of in vitro-raised 

plantlets was assessed using Random Amplified Polymorphic DNA (RAPD) and Start Codon Targeted (SCoT) markers. 

Genomic DNA was extracted from both the mother plant and in vitro-raised plants. The results revealed that the highest 

number of shoots (143.8) was obtained during the 12th subculture on Murashige and Skoog (MS) medium set 3, containing 

0.05 mg/L TDZ combined with 0.5 or 1.0 mg/L BA and 0.05 mg/L NAA. Additionally, shoot clusters exhibited the 

longest shoot length (4.39 cm) and were stronger and more consistent across all medium formulations and subculture 

cycles. Eleven RAPD primers amplified 90 DNA fragments ranging from 300 to 3,000 bp, all of which were 

monomorphic across the 3rd, 6th, 9th, and 12th subcultures. The number of monomorphic bands per primer ranged from 7 

to 12, with an average of 8.18 bands. Similarly, 11 SCoT primers generated 77 monomorphic DNA fragments ranging 

from 350 to 3,000 bp, with the number of bands per primer ranging from 4 to 10, averaging 7 bands. This study 

successfully established an efficient protocol for the large-scale propagation of Sang Mon bamboo through in vitro culture. 

The genetic stability of in vitro cultures was confirmed, indicating the absence of soma-clonal variation in plantlets 

derived from axillary bud proliferation. 

Keywords: Bamboo, Genetic fidelity, In vitro multiplication, Molecular markers, Plant regeneration, Random Amplified 

Polymorphic DNA, Somaclonal variations, Start Codon Target Polymorphism 

 

Introduction 

Bamboo is an herbaceous plant known for its rapid 

growth and its ability to create abundance in nature. It is 

found in both tropical and temperate regions worldwide 

[1]. There are approximately 88 genera of bamboo, with 

1,000 - 1,200 species globally [2]. In Thailand, there are 

around 10 - 15 genera and 30 - 80 species of bamboo 

[3]. Different bamboo species are utilized in various 

ways based on their characteristics or primary 

properties, such as for furniture, equipment, food, and 

building materials [4,5]. 

Sang Mon bamboo is a species with significant 

potential for various uses due to its morphology. Its 

culm is characterized by being relatively straight, thick, 

and strong [6]. Additionally, it can thrive in diverse 

environments, creating market demand. However, most 

Sang Mon bamboo is currently propagated through 

grafting and seeding methods. One limitation of grafting 

is its dependence on the environment during the grafting 

period, where bamboos require regular watering. 

Therefore, grafting is typically preferred during the 



Trends Sci. 2025; 22(7): 9961   2 of 18 

  

rainy season, as inadequate moisture during this period 

can negatively impact the survival rate of grafted plants. 

Moreover, this method is a slow process and low rooting 

percentage [7]. Seeding, on the other hand, enables 

large-scale propagation but presents several challenges, 

including the long flowering cycle of bamboo, short 

seed viability, and irregular seed production [8]. 

Moreover, the unpredictable nature of bamboo 

flowering makes seed collection difficult. Additionally, 

seedlings obtained through seeding may exhibit genetic 

variation, resulting in offspring with traits that differ 

from the parent plants, which can impact uniformity and 

desirable characteristics in cultivated populations 

[9,10]. 

Tissue culture is an effective asexual propagation 

method for producing large quantities of plants with 

consistent growth. It offers the advantage of a shorter 

duration, allowing farmers to plan production without 

being dependent on external environmental factors. This 

method has proven successful in propagating various 

plant species. Micropropagation of bamboos has been 

reported for genera such as Dendrocalamus Nees, 

including species like D. asper Backer ex K. Heyne,  

D. strictus Nees, and D. hamiltonii Nees & Arn. ex 

Munro [11-14]. However, several studies indicate that 

each bamboo species responds differently to various 

medium formulas, concentrations, and plant growth 

regulators. Additionally, using a single plant growth 

regulator at the same concentration across multiple 

subcultures, which leads to high cytokinin levels, can 

decrease shoot quality and cause morphological 

abnormalities such as short shoots, yellowing, or 

weakened growth [15]. Moreover, excessive cytokinin 

levels can negatively impact shoot proliferation. A study 

on Bambusa arundinacea found that MS medium 

containing 3 mg/L BA induced 24.2 shoots, whereas 

increasing cytokinin levels to 5 mg/L BA reduced shoot 

induction to 7.2 shoots [16]. Similarly, a study on the 

effect of BAP concentration on D. asper multiple shoot 

induction found that high cytokinin levels decreased 

both the number of shoots and shoot length [17].  

The combination of BA (Benzylaminopurine) and 

TDZ (Thidiazuron) has been shown to promote bud 

breaking and shoot induction, with BA playing a crucial 

role in cell division. TDZ, a phenyl-urea compound, acts 

similarly to cytokinin-type growth regulators, 

promoting the synthesis of endogenous cytokinin and 

the release of active cytokinin molecules [18,19]. The 

study of combination of BA and TDZ observed that the 

MS medium containing 1.0 mg/L BA combined with 

0.25 mg/L TDZ was more effective in inducing shoots 

than kinetin and BA alone in D. hamiltonii [20]. 

Additionally, reports suggest that the combination of 

BA and TDZ can increase the number of shoots in 

Bambusa bambos more effectively than kinetin and BA 

alone [21].  

However, regenerated plantlets often have a 

higher probability of exhibiting soma-clonal variation 

[22]. Soma-clonal variations are primarily caused by 

mutations that arise during the tissue culture process 

[23]. These mutations can be triggered by several stress 

factors, including explant source, the number of 

subculture cycles, regeneration mode, culture 

environment, genotype, and ploidy levels [24-26]. The 

genetic stability of Bambusa nutans Wall. was analyzed 

using amplified fragment length polymorphism (AFLP) 

markers. Using 6 primers, a total of 407 DNA bands 

were generated, of which 5 bands (1.2 %) exhibited 

differences from the mother plant, indicating genetic 

variation [27]. Similarly, several studies have 

demonstrated the detection of somaclonal variation in in 

vitro plants using DNA markers. For instance, the 

genetic stability of Cymbopogon winterianus Jowitt was 

assessed using RAPD markers, where 10 primers 

generated 74 DNA bands. Genetic variation was 

observed, with 44 polymorphic bands (59.5 %) [28]. 

Furthermore, the genetic stability of Tylophora indica 

(Burm.f.) Merrill was evaluated using SCoT markers. 

Six primers produced an average of 8 DNA bands per 

primer, revealing genetic variation in callus-derived 

plants [29]. Likewise, a study on the genetic stability of 

Hevea brasiliensis Mull. Arg. utilized RAPD, SCoT, 

and SSR markers, with results indicating genetic 

variation compared to the mother plant [30]. Most 

research on bamboo has focused on the effects of plant 

growth regulators in a single subculture. However, the 

number of subculture cycles significantly influences the 

occurrence of somaclonal variations. Therefore, in 

commercial bamboo production, where multiple 

subcultures are involved, genetic stability testing is 

crucial to ensure the production of genetically uniform 

plants. 

Different molecular markers have been widely 

used to assess soma-clonal variation in regenerated 
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plantlets from tissue culture [31-33]. RAPD markers 

have been employed to evaluate genetic variability in in 

vitro-raised plants, including various bamboo species 

[34,35], rubber trees [36], and marjoram [37]. The SCoT 

polymorphism marker is a simple, cost-effective, and 

highly reproducible molecular marker that does not 

require prior sequence information. It targets a highly 

conserved region surrounding plant genes, enabling the 

detection of genetic variations. SCoT markers have been 

reported successfully used to assess genetic stability in 

tissue culture-raised plants [38,39], including bamboo 

[40], Xao tam phan [41], and custard apple [42].  

Hence, the aim of present study was to assess the 

genetic stability of long-term cultures of Sang Mon 

bamboo (Dendrocalamus sp.) plantlets grown on MS 

medium with a combination of TDZ, BA and NAA, 

using RAPD and SCoT markers.  

 

Materials and methods 

Shoots multiplication 

Plant materials 

The shoot clusters were chosen from regenerated 

shoots with the best performance implanted on MS 

containing TDZ (0.05 or 0.25 mg/L), BA (0.5 or 1.0 

mg/L), NAA (0.05 mg/L) and growth promoting 

substance (2 mg/L AgNO3 and 10 mg/L coumarin). The 

experiment lasted 6 months, with 12 culture cycles of 2 

weeks each (Table 1). Data was recorded on shoot 

numbers, and shoot length. 

 

Culture media and culture conditions  

Murashige and Skoog (MS) medium [43] was 

used as the main culture medium containing 30 g/L 

sucrose and 2 g/L gellan gum supplemented with plant 

growth regulators (BA, TDZ or NAA). Media were 

adjusted the pH at 5.8 prior to autoclaving at 121 °C for 

20 min. All cultures were incubated under 16-h 

fluorescent light with 35 - 40 μM m–2 s–1 at 25 ± 1 °C.  

 

Statistical analysis  

The experiments were carried out according to 

completely randomized design (CRD) with 10 

replicates. Data were recorded starting from the 3rd to the 

12th subculture passage and analyzed using Duncan’s 

multiple range test (DMRT) at P = 0.05. The software 

used for the analysis was SPSS program.

 

Table 1 Sets of culture medium for serial subcultures. 

 

Medium set 

1st, 3rd, 5th, 7th, 9th, 11th 

culture cycle 
 

2nd, 4th, 6th, 8th, 10th, 12th 

culture cycle 

TDZ BA NAA AgNO3 coumarin       TDZ BA NAA AgNO3 coumarin 

1 - - - - -  - - - - - 

2 - 0.5 0.05 2 10  0.05 - 0.05 2 10 

3 0.05 0.5 0.05 2 10  0.05 1.0 0.05 2 10 

4 - 1.0 0.05 2 10  0.05 - 0.05 2 10 

5 0.05 1.0 0.05 2 10  0.05 0.5 0.05 2 10 

6 0.25 1.0 - 2 10  0.25 1.0 - 2 10 

 

Genetic stability assessment 

Plant materials 

The plant material consisted of in vitro-raised 

shoots maintained in a multiplication medium on MS 

medium containing TDZ, BA, and NAA in a 

0.05:0.5:0.05 ratio, alternately with MS medium 

supplemented with TDZ, BA, and NAA in a 

0.05:1.0:0.05 ratio. These plants were regenerated as 

clones through enhanced axillary branching of nodal 

explants collected from mature clumps of 

Dendrocalamus sp. at the Khun Noi Bamboo Farm, 

Khao Noi Subdistrict, Tha Muang District, 

Kanchanaburi Province, Thailand. 

 

DNA extraction and quantification 

To determine the effect of the number of 

subculture cycles and in vitro culture age on genetic 

stability, the shoot cultures were maintained 

continuously on a multiplication medium for 

approximately 6 months (12 subcultures) and were 
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transferred to fresh medium every 14 days. Shoots were 

collected from 5 culture bottles after every 3 

subcultures, starting from the 3rd to the 12th subculture 

passage, for DNA extraction. 

Total genomic DNA from the mother plant and in 

vitro-raised plants was extracted using the 

cetyltrimethylammonium bromide (CTAB) method 

with some modifications [44]. Samples (0.5 g) were 

ground in liquid nitrogen, followed by the addition of 

2.8 mL of extraction buffer containing 2X CTAB buffer 

and 0.5 % β-mercaptoethanol. The solution was 

incubated at 55 - 60 °C for 15 - 30 min. Chloroform and 

isoamyl alcohol (24:1) were added, and the mixture was 

centrifuged at 9,500 rpm for 5 min. The supernatant was 

extracted twice with chloroform:isoamyl alcohol (24:1) 

in equal volumes and centrifuged again at 9,500 rpm for 

5 min. The supernatant was transferred to a new tube, 

and cold isopropanol (0.7 volume of the supernatant) 

was added. The mixture was stored at −20 °C for 30 min 

and then centrifuged at 9,500 rpm for 10 min. The 

supernatant was discarded, and the pellet was washed 

with 70 % ethanol. After air-drying, the pellet was 

suspended in 100 µL of TE buffer. DNA quality and 

quantity were analyzed using 0.8 % agarose gel 

electrophoresis and a NanoDrop™  spectrophotometer 

(Thermo Scientific, USA). DNA samples were stored at 

–20 °C [45]. The standard method for assessing DNA 

quality involves evaluating the purity of genomic DNA 

using the A260/A280 ratio. This ratio, measured by a 

spectrophotometer, indicates protein contamination, 

with values between 1.8 and 2.0 generally considered 

optimal for high-quality DNA. Additionally, the 

A260/A230 ratio is often assessed to detect potential 

contaminants such as polysaccharides and phenolic 

compounds, ensuring the suitability of DNA for 

downstream applications.  

 

PCR amplification 

A total of 11 SCoT primers and 11 RAPD primers 

were employed in the present study. For the RAPD 

analysis, the total PCR volume was set to 15 µL, 

containing 50 ng of genomic DNA, 0.2 mM dNTPs, 5 

µM primer, 1X PCR buffer, 0.6 U Taq DNA polymerase 

(Vivantis), and 2.5 mM MgCl₂. PCR amplification was 

performed in the BIO-RAD T100™  Thermal Cycler 

under the following parameters: Initial denaturation at 

94 °C for 3 min, followed by 39 cycles of denaturation 

at 94 °C for 1 min, annealing at 37 °C for 1 min, 

extension at 72 °C for 2 min, and a final extension at 72 

°C for 5 min. For the SCoT analysis, the total volume 

for the polymerase chain reaction (PCR) was 10 µL, 

comprising 12.5 ng of genomic DNA, 0.2 mM dNTPs, 

1X PCR buffer, 5 µM primers, 2.5 mM MgCl₂, and 0.5 

U Taq DNA polymerase (Vivantis). The PCR 

amplification was conducted in a BIO-RAD T100™ 

Thermal Cycler under the following conditions: Initial 

denaturation at 94 °C for 3 min, followed by 34 cycles 

of denaturation at 94 °C for 1 min, annealing at 50 °C 

for 1 min, extension at 72 °C for 2 min, and a final 

extension at 72 °C for 5 min. PCR amplification was 

performed according to the procedure modified [46]. The 

resulting PCR products were analyzed using 1.5 % agarose 

gel electrophoresis, with DNA bands visualized using a 

gel documentation system (Syngene, USA). 

 

Results and discussion 

Shoots multiplication 

Three shoots obtained from shoot induction on MS 

medium, containing 0.25 mg/L TDZ in combination 

with 1.0 mg/L BA, 10.0 mg/L coumarin, and 2.0 mg/L 

AgNO3, were cultured for shoot multiplication on MS 

medium supplemented with TDZ, BA, NAA, and 

additives (AgNO3 and coumarin), 12th subcultures 

(Table 1).  

The results indicated that the highest number of 

shoots was observed on medium set 3 during the 12th 

subculture (143.8 shoots). Additionally, the shoot 

clusters cultured on medium set 3 exhibited the longest 

shoot lengths in the 9th and 12th subcultures. These 

shoots were also stronger and more consistent across all 

subculture cycles (Figures 3 and 4, Figures 5(C) and 

6(C)). 

In contrast, the highest number of shoots on 

medium set 6 was observed in the 3rd, 6th, and 9th 

subcultures, with 42.9, 72.9, and 124.2 shoots, 

respectively. However, the number of shoots decreased 

in the 12th subculture to 85.1 shoots. Furthermore, the 

shoot length on medium set 6 was the shortest in all 

subcultures, with the shoots showing signs of phyllody, 

dwarfism, yellowing, and dead tips that turned brown 

(Figures 1 - 4 and Figures 5(F) - 8(F)). 

The combination of TDZ in combination with BA 

and NAA resulted in better and more efficient shoot 

multiplication compared to using TDZ with NAA alone, 
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or BA with NAA. Adjusting the cytokinin 

concentrations to an appropriate level during each 

subculture cycle affected the quality of the shoots. BA 

and TDZ have distinct receptor binding sites: BA is an 

adenine-type cytokinin, while TDZ is a phenylurea-type 

cytokinin. Both can bind to 2 cytokinin-binding proteins 

(CBP) [47].   

It was also observed that shoots of Sang Mon 

bamboo cultured on a medium with 0.05 mg/L TDZ 

were longer than those cultured on a 0.25 mg/L TDZ 

medium. This difference is likely due to TDZ’s 

induction of GA3 and GA20 oxidase gene expression, 

which are involved in gibberellin (GA) synthesis and 

play a role in cell elongation [48,49]. Further studies on 

TDZ mechanisms revealed that it induces shoot 

organogenesis at low concentrations. TDZ acts as a 

plant growth regulator and plays a key role in providing 

inductive signals for both auxins and cytokinins. For 

cells to initiate a developmental pathway toward 

regeneration via organogenesis, they must be able to 

accept these inductive signals [50].  

Shoot multiplication on MS medium containing 

TDZ combined with BA and NAA significantly 

increased the number of shoots compared to BA alone, 

as BA concentration positively influenced shoot 

induction. However, high concentrations of BA affect 

shoot height, resulting in dwarf shoots due to 

programmed cell death (PCD) caused by inhibiting cell 

division and reducing cell proliferation [51], as has been 

reported in Dendrocalamus sinicus [15]. 

When cultured on MS medium without growth 

regulators, the number of shoots gradually decreased, 

ultimately resulting in their death. This finding is 

consistent with a study on Bambusa balcooa, where 

shoots cultured on MS medium without growth 

regulators died after 40 days [52]. In contrast, shoots 

cultured on MS medium supplemented with additives 

such as coumarin and AgNO3 remained healthy. Similar 

results have been reported for Bambusa arundinacea 

Retz. and Dendrocalamus hamiltonii Nees & Arn. ex 

Munro, where the use of coumarin and AgNO3 reduced 

browning caused by the release of phenolic compounds. 

Browning is a common issue in bamboo tissue culture, 

occurring either at the beginning or during subculture 

cycles. Both coumarin and AgNO3 act as antioxidants, 

inhibiting the activity of ACC enzyme, which is 

involved in ethylene synthesis in bamboo cultures [53].

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Shoot multiplication of Dendrocalamus sp. (Sang Mon bamboo) after 3rd culture cycle cultured on solid MS 

medium supplemented with TDZ in combination with BA and NAA at different concentrations cultured for 2 weeks of 

each culture cycle: a) Shoot number and b) Shoot length. 
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Figure 2 Shoot multiplication of Dendrocalamus sp. (Sang Mon bamboo) after 6th culture cycle cultured on solid MS 

medium supplemented with TDZ in combination with BA and NAA at different concentrations cultured for 2 weeks of 

each culture cycle: a) Shoot number and b) Shoot length. 

  

 

Figure 3 Shoot multiplication of Dendrocalamus sp. (Sang Mon bamboo) after 9th culture cycle cultured on solid MS 

medium supplemented with TDZ in combination with BA and NAA at different concentrations cultured for 2 weeks of 

each culture cycle: a) Shoot number and b) Shoot length. 

 

   

Figure 4 Shoot multiplication of Dendrocalamus sp. (Sang Mon bamboo) after 12th culture cycle cultured on solid MS 

medium supplemented with TDZ in combination with BA and NAA at different concentrations cultured for 2 weeks of 

each culture cycle: a) Shoot number and b) Shoot length.      
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Figure 5 Multiple shoots of Dendrocalamus sp. (Sang Mon bamboo) after 3rd culture cycle cultured on solid MS medium 

supplemented with TDZ in combination with BA and NAA at different concentrations (6 sets of culture media) added 

with 10.0 mg/L coumarin and 2.0 mg/L AgNO3 Medium: a) set 1, b) set 2, c) set 3, d) set 4, e) set 5 and f) set 6 (bar = 1 

cm). 

 

 
Figure 6 Multiple shoots of Dendrocalamus sp. (Sang Mon bamboo) after 6th culture cycle cultured on solid MS medium 

supplemented with TDZ in combination with BA and NAA at different concentrations (6 sets of culture media) added 

with 10.0 mg/L coumarin and 2.0 mg/L AgNO3 Medium: a) set 1, b) set 2, c) set 3, d) set 4, e) set 5 and f) set 6 (bar = 1 

cm). 
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Figure 7 Multiple shoots of Dendrocalamus sp. (Sang Mon bamboo) after 9th culture cycle cultured on solid MS medium 

supplemented with TDZ in combination with BA and NAA at different concentrations (6 sets of culture media) added 

with 10.0 mg/L coumarin and 2.0 mg/L AgNO3 Medium: a) set 1, b) set 2, c) set 3, d) set 4, e) set 5 and f) set 6 (bar = 1 

cm). 

 
Figure 8 Multiple shoots of Dendrocalamus sp. (Sang Mon bamboo) after 12th culture cycle cultured on solid MS medium 

supplemented with TDZ in combination with BA and NAA at different concentrations (6 sets of culture media) added 

with 10.0 mg/L coumarin and 2.0 mg/L AgNO3 Medium: a) set 1, b) set 2, c) set 3, d) set 4, e) set 5 and f) set 6 (bar = 1 

cm). 

 
 

 

 

 

 

 

 



Trends Sci. 2025; 22(7): 9961   9 of 18 

  

 

 

 

Genetic stability assessment 

Micropropagation of bamboo through axillary bud 

proliferation, without the formation of an intermediary 

callus, has been extensively studied [54,55]. In vitro-

raised plants are generally expected to be genetically 

identical to the mother plant; however, the possibility of 

soma-clonal variation cannot be overlooked. Soma-

clonal variation in in vitro-raised plants, encompassing 

both genetic and epigenetic alterations, is considered a 

common phenomenon during long-term culture [56,57]. 

The objective of this study was to investigate potential 

soma-clonal variations in in vitro-raised Sang Mon 

bamboo (Dendrocalamus sp.) plantlets using RAPD and 

SCoT markers for genetic analysis. The application of 

various DNA markers is recommended for a superior 

analysis of the genetic stability of in vitro-raised plants 

[39]. RAPD markers are based on both non-coding and 

coding DNA regions [58,59]. In contrast, SCoT markers 

are specifically designed to target the flanking regions 

of the ATG initiation codon, with primers that target 

specific genes in the plant genome [60]. Therefore, both 

SCoT and RAPD markers were employed due to their 

random distribution throughout the genome. 

In the present study, 40 RAPD primers were 

initially screened, of which 11 primers successfully 

amplified 90 DNA fragments ranging from 300 to 3,000 

bp in size. All DNA bands from in vitro cultures after 

the 3rd, 6th, 9th, and 12th subcultures were monomorphic. 

The number of monomorphic bands per primer ranged 

from 7 to 12, with an average of 8.18 bands. The highest 

number of monomorphic bands (12) was amplified with 

primer OPA 19 (Table 2, Figure 9).  A similar result 

was obtained with SCoT primers. Out of 36 SCoT 

primers initially screened, 11 primers generated clear 

and distinct DNA bands ranging from 350 to 3,000 bp 

in size. A total of 77 amplified fragments were obtained, 

with all the bands being monomorphic. The number of 

monomorphic bands per primer ranged from 4 to 10, 

with an average of 7 bands. The highest number of 

monomorphic bands (10) was amplified with primer 

SCoT 21 (Table 3, Figure 10). 

All the bands generated in the analysis of the in 

vitro-raised plantlets and the mother plant of Sang Mon 

bamboo (Dendrocalamus sp.) using 11 SCoT and 11 

RAPD primers were found to be monomorphic. This 

result is consistent with genetic stability analyses of 

Dendrocalamus asper via nodal segments using RAPD, 

Inter-Simple Sequence Repeat (ISSR), Amplified 

Fragment Length Polymorphism (AFLP), and Simple 

Sequence Repeat (SSR) markers. These studies have 

shown that in vitro-raised clones of Dendrocalamus 

asper can remain free from soma-clonal variations over 

long culture periods, extending up to 30 subcultures 

[61]. Similarly, genetic stability analysis of in vitro-

raised plantlets through axillary bud proliferation in 

Bambusa balcooa Roxb., using ISSR markers, 

confirmed that the plantlets remained true to type even 

after being cultured for up to 33 passages, maintaining 

genetic stability similar to the mother plant [62]. 

Additionally, the investigation using RAPD markers 

with 8 primers in B. balcooa tissue culture from lateral 

buds resulted in monomorphic bands, showing no 

differences from the mother plant. The largest allele size 

was 1,800 bp (OPA 07) and the smallest was 250 bp 

(OPA 20), confirming the stability of the genetic traits 

throughout the culture process [63]. These findings 

suggest that, despite the prolonged culture duration (up 

to 33 subcultures), genetic integrity is preserved. In 

addition, evaluation of genetic stability of in vitro 

blackberry (Rubus fruticosus L.) plantlets obtained from 

9 subcultures using RAPD and SRAP markers, 8 RAPD 

primers produced 33 bands, with an average of 4.12 

bands per primer. The results revealed monomorphism 

across all the micro-propagated plants and no 

polymorphism was detected, 12 SRAP primer produced 

59 bands for ‘Loch Ness’ and 55 bands for ‘Chester’, 

with an average of 4.92 and 4.58 bands per primer, 

respectively. This report revealed that no genetic 

variability among plantlets obtained from 9 subcultures 

and the mother plant [64].  

RAPD markers have been extensively employed 

for confirmation genetic stability on various bamboo 

plantlets though bud axillary branching proliferation 

[65-67]. Genetic stability was further assessed in 

Dendrocalamus hamiltonii regenerated from single-

node explants using 6 RAPD primers, which produced 

33 bands. The banding profiles for all the RAPD primers 

were monomorphic, indicating genetic fidelity between 

the in vitro plants and the mother plant [68]. The study 

on Guadua angustifolia Kunth using RAPD markers 

involved the selection of 15 primers out of 30, 

generating a total of 84 DNA bands, with an average of 
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5.6 bands per primer, ranging in size from 200 to 2,500 

bp. DNA fingerprinting revealed no differences between 

the tissue-cultured plants and the mother plant, 

indicating genetic stability [67]. This finding is 

consistent with previous studies on other bamboo 

species, such as Dendrocalamus membranaceus Munro, 

where genetic stability was also confirmed using both 

RAPD and ISSR markers following shoot 

multiplication. In this case, the tissue-cultured plants 

showed no genetic variation compared to the mother 

plant [65]. Furthermore, the study on Bambusa 

arundinacea Retz., which involved tissue culture from 

axillary buds for shoot multiplication, also demonstrated 

no genetic variation when assessed using RAPD 

markers. The comparison with the mother plant further 

confirmed the genetic stability of the tissue-cultured 

plants [66]. Furthermore, RAPD markers have been 

used to confirm genetic stability in various plants. For 

instance, the genetic stability of Phalaenopsis orchid 

plantlets was assessed through axillary bud 

proliferation. In vitro micropropagated plantlets 

produced 55 monomorphic bands, suggesting no genetic 

variation in the plantlets [69].  Similarly, the genetic 

fidelity of Andrographis alata (Vahl) Nees, derived 

from axillary buds, was analyzed using RAPD and ISSR 

primers. Both markers produced monomorphic bands in 

the in vitro regenerated plants and the mother plant, 

indicating no soma-clonal variation [70]. These findings 

demonstrate that in vitro regenerated plants derived from 

axillary buds exhibit no soma-clonal variation. 

Although RAPD markers can be used to screen for 

soma-clonal variation in plant tissues, which often result 

in monomorphism [71-73]. It is recommended to use 

more than one marker to effectively detect genetic 

integrity and avoid soma-clonal variation [68,74-76]. 

SCoT markers are highly reproducible, efficient, 

unique, and gene-targeted DNA markers designed to 

target specific regions in the plant genome [60]. Genetic 

stability analysis of Bambusa balcooa using SCoT and 

ISSR markers revealed that all amplified PCR 

amplicons produced monomorphic bands. Ten SCoT 

primers generated 48 bands, ranging from 400 - 2500 

bp, with an average of 5 bands per primer. Similarly, 

ISSR primers generated 48 scorable bands, ranging from 

350 - 2000 bp, also with an average of 5 bands per 

primer [77]. Genetic stability analysis using SCoT and 

ISSR markers in Muehlenbeckia platyclada (F. Muell.) 

Meisn. showed no genetic variation in the regenerated 

plantlets [78]. Consistent with this, the regenerated 

plantlets exhibited no soma-clonal variations when 

evaluated using ISSR and SCoT markers [79]. 

Furthermore, SCoT primers have been employed to 

assess soma-clonal variation in in vitro-raised plants of 

blueberry [80], tapeworm plant [78], Dutch eggplant 

[79], and safed musli [81]. These studies found no soma-

clonal variation between in vitro-raised plants and the 

mother plant. 

However, the use of different markers has revealed 

soma-clonal variation in in vitro-raised plants in many 

reports. The genetic stability of Ficus palmata Forssk. 

micropropagated plants was assessed using RAPD, 

ISSR, and SCoT markers. In the RAPD analysis, 8 

primers produced 22 clear bands, all of which were 

monomorphic across the tested plants and the mother 

plant. In the ISSR analysis, 10 primers generated 48 

monomorphic bands and 2 polymorphic bands (4 % 

polymorphism). In the SCoT analysis, 8 primers 

produced 28 monomorphic bands and 2 polymorphic 

bands (6.6 % polymorphism) [82]. Similarly, an 

assessment of the genetic stability of in vitro-propagated 

apple rootstocks using ISSR and SCoT markers revealed 

genetic variation 1.57 % polymorphism with ISSR and 

6.25 % with SCoT markers [83]. Additionally, genetic 

stability evaluation using RAPD and ISSR markers 

showed that 12 RAPD primers generated 104 bands, 

with 2 RAPD primers revealing 3 polymorphic bands 

(2.97 %). Similarly, 9 ISSR primers produced 91 bands, 

with 3 polymorphic bands (3.41 %) detected using 2 

ISSR primers [84]. The genetic stability of Curculigo 

latifolia plants was evaluated using RAPD and ISSR 

markers. DNA amplification with RAPD revealed no 

polymorphism, while ISSR amplification showed 33.33 

% polymorphism. The 10 RAPD primers used in this 

study produced monomorphic results, indicating no 

soma-clonal variation in the in vitro C. latifolia plantlets 

compared to the mother plant. RAPD markers have also 

been used to confirm genetic stability in Philodendron 

bipinnatifidum using 11 RAPD primers. Out of the 11 

primers, 9 produced monomorphic bands, while ISSR 

and SCoT markers showed polymorphism [85]. 

However, the ISSR primer UBC815 exhibited 33.33 % 

polymorphism. Employing various marker systems 

increases the likelihood that variation caused by genetic 
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and epigenetic factors will be reflected in banding 

patterns [86]. 

The assessment of genetic stability in plants 

derived from tissue culture using more than one DNA 

marker can enhance the efficiency of the analysis and 

provide broader genome coverage [40]. This is because 

each marker targets different regions. For instance, 

RAPD markers randomly bind to both gene and non-

gene regions [58,59], while SCoT markers are specific 

only to gene regions [39,60]. Therefore, using multiple 

markers increases the chances of detecting any 

abnormalities or genetic variations that may occur 

during tissue culture [87].  

The production of monomorphic bands from in 

vitro cultures after the 3rd, 6th, 9th, and 12th subcultures, 

along with their regenerants and the mother plant of 

Dendrocalamus sp., using RAPD and SCoT markers, 

confirms the genetic stability of the plants derived from 

axillary bud proliferation. This also supports the 

commercial-scale utilization of the developed protocol. 

This finding is consistent with several studies on 

bamboo tissue culture using lateral buds from branch 

nodes as the starting explant, without the induction of 

callus formation, which reported no genetic variation 

[8,70]. These results collectively support the assertion 

that tissue culture techniques for bamboo species, can 

maintain genetic integrity, even after multiple 

subcultures. The use of molecular markers like RAPD 

and SCoT has proven to be effective in verifying the 

genetic stability of the plants produced through these 

methods. However, while the results indicate no 

significant genetic changes, it is important to note that 

long-term studies involving more diverse molecular 

markers or advanced sequencing techniques might 

provide a more comprehensive understanding of 

potential genetic variations over extended cultivation 

periods. Nonetheless, the studies reviewed provide 

strong evidence of the reliability and sustainability of 

tissue culture methods in bamboo propagation.

 

Table 2 RAPD primers used for testing the genetic stability of Sang Mon bamboo (Dendrocalamus sp.) shoots derived 

from nodal segments through tissue culture. 

 

Primer code Primer sequence 
Number of 

total bands 

Number of 

monomorphic bands 

% 

Polymorphism 

Size of bands  

(bp) 

OPA 04 AATCGGGCTG 9 9 0 350 - 2,000 

OPA 07 GAAACGGGTG 10 10 0 750 - 1,800 

OPA 08 GTGACGTAGG 7 7 0 450 - 2,500 

OPA 09 GGGTAACGCC 7 7 0 350 - 1,800 

OPA 11 CAATCGCCGT 7 7 0 550 - 1,800 

OPA 16 AGCCAGCGAA 6 6 0 700 - 3,000 

OPA 17 GACCGCTTGT 5 5 0 600 - 2,000 

OPA 19 CAAACGTCGG 12 12 0 300 - 2,000 

OPN 02 ACCAGGGGCA 10 10 0 700 - 2,200 

OPN 13 AGCGTCACTC 8 8 0 350 - 2,500 

OPN 15 CAGCGACTGT 9 9 0 450 - 3,000 

Total  90 90 - - 

Mean  8.18 8.18 0 - 
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Table 3 SCoT primers used for testing the genetic stability of Sang Mon bamboo (Dendrocalamus sp.) shoots derived 

from nodal segments through tissue culture. 

 

Primer code Primer sequence 
Number of 

total bands 

Number of 

monomorphic bands 

% 

Polymorphism 

Size of bands 

(bp) 

SCoT 04 CAACAATGGCTACCACCT 6 6 0 350 - 3,000 

SCoT 07 CAACAATGGCTACCACGG 9 9 0 650 - 3,000 

SCoT 08 CAACAATGGCTACCACGT 8 8 0 500 - 3,000 

SCoT 19 ACCATGGCTACCACCGGC 4 4 0 650 - 1,500 

SCoT 21 ACGACATGGCGACCCACA 10 10 0 400 - 3,000 

SCoT 24 CACCATGGCTACCACCAT 6 6 0 700 - 2,500 

SCoT 26 ACCATGGCTACCACCGTC 6 6 0 800 - 2,500 

SCoT 27 ACCATGGCTACCACCGTG 4 4 0 900 - 2,500 

SCoT 29 CCATGGCTACCACCGGCC 8 8 0 650 - 2,500 

SCoT 30 CCATGGCTACCACCGGCG 7 7 0 600 - 1,750 

SCoT 32 CCATGGCTACCACCGCAC 9 9 0 500 - 2,250 

Total  77 77 0 - 

Mean  7 7 0 - 

 

 

 

Figure 9 DNA fingerprints generated by RAPD primers with OPA 17 = (a) and OPA 19 = (b) Lane M = 100 bp DNA 

ladder, MP = mother plant, S3, S6, S9, and S12 = in vitro plantlets after subcultures 3rd, 6th, 9th and 12th. 
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Figure 10 DNA fingerprints generated by SCoT primers with SCoT 19 = (a) and SCoT 27 (b) Lane M = 100 bp DNA 

ladder, MP = mother plant, S3, S6, S9, and S12 = in vitro plantlets after subcultures 3rd, 6th, 9th and 12th. 

 

 

Conclusions 

The production of all monomorphic bands by 

RAPD and SCoT primers showed no variability among 

the micro-propagated plantlets after culturing 12 

subcultures and the mother plant of Sang Mon bamboo 

(Dendrocalamus sp.). Thus, it can be concluded that the 

in vitro-raised plants via axillary bud proliferation did 

not lead to soma-clonal variation. These findings 

contribute to the sustainable cultivation and utilization 

of Sang Mon bamboo, meeting the increasing market 

demand while ensuring genetic uniformity in 

propagated plantlets. 
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