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Abstract: Dendrobium secundum is a monocotyledonous plant. It is classified
in the Dendrobium genus, an important and outstanding economic flowering
plant. It is an orchid sold domestically and internationally due to its overall
toothbrush-like design, both in the flower arrangement and stem. In recent
years, the number of toothbrush orchids has decreased. Therefore, this study
aimed to study the effects of ethylmethane sulfonate (EMS) and the detection of
genetic variation in toothbrush orchids using simple sequence repeat (SSR)
markers. EMS solution was used to soak 0.5x0.5 cm in diameter of the
protocorm-like bodies (PLBs) at concentrations of 0.5, 1.0, and 2.0%. After that,
they were cultured on Vacin and Went (VW) medium supplemented with 1 mg/1
BA and 20 g/l sucrose, adjusted to pH 5.7, and solidified with 0.2 % phytagel.
The cultures were maintained at 26 +2°C under light at 3,000 lux for 14 hours
daily. After culturing for 30 days, the results showed that PLBs immersed in EMS
solution at 1.7% for 90 minutes gave a survival rate of 50% (Lethal dose; LDso).
For the development of PBLs, PBLs immersed in 0.5 % EMS for 60 minutes gave
the highest PLB induction (7.37%) and average number of PLBs (1.41
PLBs/explant) after culturing for 8 weeks. For the detection of genetic variation,
a total of 9 SSR primers were used, including EgCIR0409, EgCIR0905,
EgCIR0781, EgCIR0446, EgCIR1772, EgCIR0337, EgCIR0337, EgCIR0243,
mEgCIR0465, and mEgCIR008. The results found that only one primer gave
polymorphic banding. EgCIR0905 primer gave polymorphic banding at 50% and
specific DNA banding size at 200 bp.

Keywords: Toothbrush orchid; Mutation; Ethylmethane sulphonate; Genetic variation;
Simple sequence repeat marker

1. Introduction

Dendrobium secundum is a significant and exceptional economic plant,
better known as the toothbrush orchid. It is an orchid sold domestically and
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internationally due to its overall toothbrush-like design, both in the flower arrangement and stem.
Consequently, there are now fewer toothbrush orchids. The orchids mentioned above also lack variety [1].
One method to alter the characteristics of orchids, from their appearance to their growth potential, is in vitro
plant breeding and propagation. In vitro, mutation treatment can be used to create new, improved orchid
varieties by using both chemical and physical mutagens, which can broaden the possibilities for orchid
variants while accelerating the generation of mutants. [2]. The resulting mutations are expected to increase the
diversity and value of orchids. There are numerous methods for breeding. Both chemical and physical
methods can be used to accomplish this. The physical ones are ultraviolet, gram, X-rays, and so forth.
Mutagenic compounds are used as part of the chemical side. Numerous chemical species can induce
mutations, each with a unique set of consequences. Gene mutations will likely result from EMS, a chemical
mutagen that can cause alkylation. [3]. According to Li et al. (2021) [4], there is no research on the mutations
that lead to increased heterozygosity in orchids due to chemical mutagens that are part of alkylating agents.
In orchids such as Cymbidium, Dendrobium, Oncidium, and Phalaenopsis, mutation induction —which has been
successfully applied in multiple studies—uses the polyploidization breeding technique in combination with
colchicine and nitric oxide (NO) mutagens. [4]. Using EMS concentrations, Romiyadi et al. (2018) [5] generated
mutations and illustrated interactions with three hybrid Phalaenopsis species on root variables by employing
EMS concentrations. Qosim et al. (2016) [6] showed that the development of shoots from hybrid Phalaenopsis
spp. was impacted by immersing EMS in a 0.025% and 0.05% concentration for 12 hours. EMS enhances the
genetics of other crops, such as sugarcane, to achieve high yields. [7]. EMS induces random point mutations
in the plant genome [8,9]. Therefore, molecular analysis must be performed. A sequence repeat (SSR)
molecular marker is ideal for genome-level research [10]. Co-dominant, repeatable, easily distinct alleles, high
degree of polymorphism, and easily detectable by PCR technology are some characteristics of a simple
sequence repeat [11,12]. Microsatellite-specific primer development is relatively expensive and time-
consuming to acquire DNA sequence information. [13]. However, no study has been done on applying EMS
materials to toothbrush orchids. Therefore, this research aims to study and determine the effect of various
concentrations of EMS and durations of time on mutation and investigate genetic variation in toothbrush
orchids with SSR markers for various morphology in this orchid and some commercial cultivars.

2. Materials and Methods
2.1 Plant materials

Protocorm-like bodies (PLBs) of toothbrush orchids at 0.5x0.5 cm in diameter were cultured on VW
medium supplemented with 1 mg/l BA, 0.2% phytagel and 20 g/l sucrose [14]. The pH was adjusted to 5.7. The
culture condition was maintained at 25+2 °C and 3000 lux light intensity for 14 hours of photoperiod.

2.2 Effect of various concentrations of EMS and duration time on the development of PLBs

PLBs at 0.5x0.5 cm in diameter were soaked with various concentrations of EMS at 0, 0.5, 1.0, and 2.0%
for 60 and 90 min by incubating on a shaker at 100 rpm. After that, filter to separate PLBs from EMS solution,
wash with sterile distilled water 2-3 times, and blot with sterile filter paper. PLBs were cultured on VW
medium supplemented with 1 mg/l BA, 0.2% phytagel, and 20 g/l sucrose. The culture was subcultured on the
same medium component every four weeks for three months. The percentage of survival rate (lethal dose:
LDso), the proliferation of PLBs induction (%), and the number of PLBs (PLBs/explant) were recorded.

2.3 Detection of genetic variation of PLBs by SSR markers

2.3.1 DNA Extraction

DNA from each PLBs was extracted using the cetyltrimethyl ammonium bromide (CTAB) method by
Doyle and Doyle (1990) with some modification [15] with some modification. In brief, 100 mg of explants were
ground to a fine powder in approximately 500 ul of CTAB buffer. The plant extract mixtures were put into
microcentrifuge tubes and incubated for 45 minutes at 60°C in a water bath. Following incubation, the extract
mixtures were centrifuged for 15 minutes at 12,000 rpm, and the supernatant was then moved to a fresh, clean
microcentrifuge tube. 500 pl of chloroform was added to each tube, and the mixture was mixed by inverting
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the tube. The tube was thoroughly mixed and then centrifuged for 10 minutes at 13,000 rpm to extract the
upper aqueous phase containing the DNA and transfer it to a fresh microcentrifuge tube. To precipitate the
DNA, 750 ul of isopropanol was added to the solution, and the tube was slowly inverted several times.
Following precipitation, the DNA pellet was dried in a temperature-controlled environment and twice washed
with 70% ethanol. In TE buffer, the DNA pellet was dissolved [20 mM Tris-HCI (pH 8.0) and 0.1 M EDTA (pH
8.0)], electrophoresed on 0.75% agarose gel, explored in UV light, and photographed. The amount of DNA
was qualitatively measured by comparison with the known quality of ADNA.

2.3.2 SSR Analysis

The Thawaro method [16] was used to analyze DNA differences using the SSR technique. Nine primer
pairs (EgCIR0008, EgCIR0243, EgCIR0337, EgCIR0409, EgCIR0446, EgCIR0465, EgCIR0781, EgCIR0905, and
EgCIR1772) were used for PCR amplification of DNA. Twenty ng of template DNA, 1.5 units of Tag
polymerase, 0.3 mM primer, 10X Tag buffer, 2.5 mM MgCl2, and 100 pl of each ANTP were included in each
10 pl amplification mixture. A thermocycler was used to perform PCR amplification. Using the following
program: one minute of denature at 95°C; thirty seconds at 94°C, sixty seconds at 52°C, and one minute at
72°C; and eight minutes of final elongation at 72°C. Afterward, the amplified products were denatured at 94°C
for 5 minutes before adding an equal volume of loading buffer (98% formamide, 0.025% bromophenol blue,
0.05% xylene cyanol). The PCR products were then electrophoresed at 150 V in 1%X TAE buffer on 2.0% (w/v)
agarose gels. Gel documentation was used to view the gels under ultraviolet light after they had been stained
with ethidium bromide for 15 minutes. The reproducibility of the amplification patterns was verified by using
different DNA preparations from the mother plant.

2.4 Statistical analysis

A completely randomized design with three replicates, each containing ten explants, was used for the
experimental design and statistical analysis. Duncan's Multiple Range Test (DMRT) was used to compare the
mean differences. Data was analyzed using ANOVA.

3.Results and Discussion

3.1 Effect of various concentrations of EMS and duration time on the survival rate of PLBs

After immersing the PLBs in EMS solution at different concentrations and durations, they were grown
on VW medium and added 1.0 mg/l BA and 0.2% phytagel. The results showed that PLBs immersed in EMS
solution at 1.7% for 90 minutes gave the lethal dose at 50% (LDso) after culturing for 1 month (Figure 1). In
contrast, all EMS solutions (0, 0.5, 1, and 2 %) gave the highest average survival rates at 93.33, 70, 63.33 and
53.33%, respectively (Figure 2). According to Sirinya and Te-chato (2008) [17], it was found that the survival
rate of Dendrobium friedericksianum tends to decrease with a longer immersion time in each concentration of EMS.

For the effect of EMS solution on proliferation of PLBs induction, the result found that PLBs were
soaked in 0.5% EMS for 60 minutes gave the highest PLBs induction at 7.37% and average number of PLBs at
1.41 PLBs/explant, significant difference with other treatments (p< 0.05) (Table 1). Samala et al. (2014) [18]
found that PLBs immersed in EMS at 0 and 0.75% concentrations for 60 and 90 minutes gave a more than 50%
survival rate. In addition, PLBs immersed in EMS at a concentration of 0.75% for 90 minutes showed dark
green and succulent PLBs, while control treatment (without EMS) gave light green and no succulent PLBs.
Exposure to many substances can disrupt the germination process's enzymes and prevent auxin production
[19]. It is a reaction to cell damage and will show PLB growth. For characteristics of PLBs, the result found that
PLBs have a light green and pale yellow (Figure 3). Romeida et al. (2012) [20] described that in every area of
the cell exposed to the mutagen, PLBs either lose their capacity to produce chlorophyll or cannot do so.



ASEAN ]. Sci. Tech. Report. 2025, 28(1), e255125. 40f8

100
90
80 1" "
0| 0 N
60 | 00 T e
50 —_—c,

30 7.1%
20

10

ey y =-20.629x + 81.8
R?=0.8276

Survival rate (%)

0 0.5 1 1.5 2 2.5

EMS concentration (%)

Figure 1 Survival rate of PLBs of toothbrush orchid after having been treated with 0, 0.5, 1, and 2 % for 90 minutes
and cultured on VW medium with 1.0 mg/l BA and 0.2% phytagel for 1 month.
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Figure 2 Survival rate of PLBs of toothbrush orchid after being treated with 0, 0.5, 1, and 2 % for 60 minutes and
cultured on VW medium with 1.0 mg/l BA and 0.2% phytagel for 1 month.

Table 1 Effect of EMS solution concentration and immersion time on proliferation of PLBs after 2 months of culture

EMS concentrations (%) Duration time (minute)  PLBs proliferation (%) No. of PLBs
(PLBs/explant)
0 60 3.73abc 0.75abc
0.5 60 7.37a 1.41a
1 60 3.63abc 0.73abc
60 0.93¢ 0.19c¢
0 90 2.57bc 0.51bc
0.5 90 5.53ab 1.11ab
1 90 3.67abc 0.73abc
90 1.80bc 0.37bc
F-test * *
C.V.(%) 19.68 19.22

* significant difference at p<0.05 means that the different letters in the same column are significantly different
by DMRT
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Figure 3 Characteristics of PLBs derived from soaking in various EMS and duration time concentrations and
were cultured on VW medium with 1.0 mgl BA and 02% phytagel after 8 weeks of culture. Bar =1 cm.)

A. 0% EMS + 60 minute duration time
C. 1% EMS + 60 minute duration time
E. 0% EMS + 90 minute duration time
G. 1% EMS + 90 minute duration time

B. 0.5% EMS + 60 minute duration time
D. 2% EMS + 60 minute duration time
F. 0.5% EMS + 90 minute duration time
H. 2% EMS + 90 minute duration time

3.2 Detection of genetic variation of PLBs by SSR markers

In this present study work, nine SSR-primers tested (EgCIR0008, EgCIR0243, EgCIR0337, EgCIR0409,
EgCIR0446, EgCIR0465, EgCIR0781, EgCIR0905 and EgCIR1772) only one primer (EgCIR0905) could provide
polymorphic patterns of DNA among treated PLBs with EMS solutions. The EgCIR0905 primer gave a DNA
banding with polymorphism, and a specific DNA band at 200 bp of PLBs was treated with 2% EMS for 60
minutes (Figure 4). In this study, EMS-induced mutation induction resulted in genomic change, as evidenced
by the appearance of new alleles or the loss of alleles in specific sizes compared to the control plant. Depending
on the plant's genotype, EMS treatment can cause different amounts of genomic change. DNA damage,
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nucleotide modification, DNA fragment breakage, and chromosome rearrangement brought on by EMS
treatment can all result in the disappearance of an allele. Multiple nucleotide changes in the mutant plant's
primer binding region can result in the emergence of new alleles [21]. A mutagenesis mechanism that changes
the G/C to A/T nucleotides in the primer binding regions of the SSR marker can cause genomic alterations in
plant-induced mutations with EMS [22, 23, 24]. Furthermore, nucleotide insertions or deletions in mutant plant
DNA sequences cause the microsatellite marker's repeat region to lengthen or shorten [25, 26, 27].
Boonsrangsom et al. (2008) [28] found that Eight primer pairs could be used to amplify the products giving
the expected sizes and detect genetic polymorphism in the population with the allele numbers ranging from
4 to 7 (averaged 5.25 alleles per locus).
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Figure 4 DNA band patterns of PLBs of toothbrush orchids immersed in EMS solution concentrations were
examined with SSR markers using the primer EgCIR0905.

4. Conclusions
The effect of EMS on the characteristics of PLBs and their genetic variability after verification with SSR

markers was investigated. EMS solution was used to soak a 0.5 cm piece of the protocorm-like bodies (PLBs)
at concentrations of 0.5, 1.0, and 2.0%. After that, they were cultured on VW medium supplemented with 1
mg/l BA and 20 g/l sucrose, adjusted to pH 5.7, and solidified with 0.2 % phytagel. The cultures were
maintained at 26 +2°C under light at 3,000 lux for 14 hours daily. After culturing for 30 days, the results showed
that PLBs immersed in EMS solution at 1.7% for 90 minutes gave the highest average survival rates at 50%
(LDso). For the development of PBLs, PBLs were derived and immersed in 0.5 % EMS for 60 minutes, giving
the highest PLB induction (7.37%) and average number of PLBs (1.41 PLBs/explant) after culturing for 8 weeks.
A total of 9 SSR primers were used to detect genetic variation. The results found that EgCIR0905 primer gave
polymorphic banding at 50% and specific DNA banding size at 200 bp. The present study recorded 90 days of
interval observation and suggests that further studies need to obtain more compressive mutation.
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