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ABSTRACT

Mutations are one method used to enhance the quality of tomato plants. Three distinct ethyl methane sulfonate 
(EMS) concentrations (0%, 0.3%, and 0.5%) and three potassium fertilizer doses (0 g, 2.5 g, and 5 g) per plant were 
used to treat local tomatoes. The complete genome DNA of immature tomato plant leaves was isolated using a DNA 
isolation kit. For DNA amplification, OPA primers 07, 08, 11, and 20 were applied. The analysis’s findings utilizing 
RAPD demonstrated that genetic variation existed. The administration of EMS at various doses, specifically at 0.3% 
and 0.5% EMS without the inclusion of potassium, caused genetic modifications in the preliminary yield of tomato 
plants. Fertilizer and EMS had varied effects on lowering sugar and vitamin levels, total protein as well as fruit’s Brix 
content. Different potassium dosages showed little impact on the genetic alterations in tomato plants. With four DNA 
samples amplified from four primers, the expression of those primers created two clusters. From a total of 12 DNA 
bands, the primers utilized produced a polymorphism percentage of 62.3%. There was no previously known process 
for the induction of mutations with concentrations.

1. INTRODUCTION

As in many other nations, tomato is one of the most significant, well-
liked, and nutrient-dense vegetables in Indonesia. The relationship 
between plant growth and environmental factors has a significant 
impact on tomatoes’ capacity to yield fruit. Enhancing hydroponic 
farming methods is one way to combat the loss in the quality and 
quantity of tomato plant yields. The increased demand for food creates 
a need for novel plant variants, which further boosts crop output. 
In that instance, developing new, superior cultivars is thought of as 
one strategy for supplying people with food. Plant breeding is one 
method for developing improved cultivars. Genetic mutations are 
one illustration. Mutagens are frequently employed and useful in the 
research of genetics [1-3].

The capacity to enhance one or two exceptional traits of a plant 
without altering its genetic arrangement is the major benefit of mutant 
breeding. Mutations are especially useful in plant breeding since they 
reveal a lot about the numerous cell types in each plant as well as 

their different cell structures. Being the fundamental building blocks 
of plant growth and development, mutations serve as instruments for 
learning about natural life and cell function [4,5]. Crop productivity 
could be increased through the induction of genetic mutations [6,7].

Chemical and physical alterations can lead to genetic mutations. 
Alkylating substances, including ethyl methane sulfonate (EMS), are 
very efficient and manageable. Guanine (G) is frequently alkylated 
by EMS, resulting in O6-methylguanine, which couples with thymine 
(T) rather than cytosine (C), leading to C/G to T/A transitions. 
However, G/C to C/G or G/C to T/A transversions are also generated 
by 7-methylguanine hydrolysis, but less frequently [8]. EMS, 
diethyl sulfate, methyl methane sulphonate, hydroxylamine, sodium 
azide, and other compounds are frequently used to create chemical 
alterations. Ionizing radiation, beta radiation, neutron radiation, 
and gamma radiation can all cause physical mutations. The random 
amplified polymorphic DNA (RAPD) is deemed valuable and useful 
for detecting and documenting the diversity of tomato genotypes [9]. 
DNA is a practical tool for assessing genetic diversity [10-12].

Previous research has been successful in developing RAPD markers 
gene mapping using tomato plants as a source of material [13-15]. 
Using the RAPD approach, some tomato cultivars have been thoroughly 
investigated [16,17]. Potassium is a nutrient that plants absorb in high 
quantities, particularly in tomato plants. Fruits and vegetables are 
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produced and of high quality as a result [18,19]. Furthermore, some 
research claims that potassium regulates the improvement in tomato 
output and quality [20-22].

Prior research demonstrates a relationship between water and the role 
of soluble sugar content in carbon allocation management the role of 
soluble sugar content in carbon allocation management. The addition 
of potassium will decrease starch and other carbon components during 
fruit ripening [23]. This study aimed to measure the genetic diversity 
of tomato plants following EMS and potassium treatments, as well 
as the effects of EMS concentration and potassium dose on tomato 
growth and yield.

2. MATERIALS AND METHODS

2.1. Materials
Some components used in this study were tomato seeds, EMS solution, 
potassium fertilizer, sodium thiosulfate, and RAPD – Polymerase 
chain reaction (PCR) kit.

2.2. Methods
The observations were conducted inside the greenhouse of the Faculty 
of Agriculture, the University of Jember, East Java, Indonesia. An EMS 
mutagen and potassium were utilized in the observation. Factorial 
randomized completely block design involving 4 replications was used 
in the experiment’s design.

The Duncan’s multiple range test was used to further examine the 
observational variables that showed a significant impact based on 
the findings of the test of variance (ANOVA) at a significance level 
of 5%. The concentration of EMS designated as E0, E1, and E2 
correspondingly, at 0%, 0.3%, and 0.5% was the initial contributing 
component. Potassium (K) was administered in doses of 0 g, 2.5 g, and 
5 g, which were designated as K0, K1, and K2, respectively.

2.2.1. Seed preparation
The seeds were steeped in sterile water for 8 h inside the nylon mesh. 
The seeds were then soaked for 24 h in a 50 mL of EMS solution (Sigma 
Chemical Company, USA) at 0.3% and 0.5% rates while being gently 
stirred. The EMS solution was then withdrawn, and the seeds were 
twice washed with 3% sodium thiosulfate buffer while being gently 
shaken for 15 min, and then washed for 5 min with distilled water.

After removing the EMS mixture, the seeds were then twice rinsed 
with 3% sodium thiosulfate buffer while being gently shaken for 
15 min, followed by a 5-min wash with distilled water.

2.2.2. Plant cultivation
When the treated seeds had sprouted in nursery media for 21  days, 
the plants were moved into a pot. In the greenhouse, the plants were 
raised. The tomatoes were harvested for the organic substance analysis 
when they reached the color-breaking phase or the end of the fruit 
ripening phase.

2.2.3. Fruit content determination
The Bradford (1976) method was modified somewhat [24] to ascertain 
the samples’ whole dissolved protein concentration. While Vitamin C 
was measured using ultraviolet-spectrophotometric analysis, reducing 
sugars were measured using the Nelson-Somogyi method.

2.2.4. RAPD
Seven primers were used for the RAPD - PCR: OPC-08-TGG ACC 
GGT G; OPC- 11-AAA GCT GCG G; OPC-20-ACT TCG CCA C; 

and OPE-07-AGA TGC AGC C. The PCR reaction was performed in 
accordance with the instructions in the kit’s manual. The examination 
results of the RAPD data are shown in Table 1. The electrophoresis’s 
results were then subjected to gel analysis. For each DNA band that 
was not present, the RAPD analysis gel received a score of 0/1. 
The findings demonstrated the utility of the RAPD technique for 
the creation of genetic maps and the detection of polymorphisms in 
tomato plant genotypes. Calculations were utilized to establish the 
total number of bands, the number of polymorphic bands, and the 
polymorphic information content (PIC) [25,26].

3. RESULTS AND DISCUSSION

3.1. The Effect of Mutations using EMS and Potassium Fertilizer 
Application
Based on the findings obtained from the analysis of variance, 
parameters of vitamin C levels were significantly affected by the EMS 
and potassium treatments, reducing sugars, and total dissolved protein 
at a significance level of 1%. Each treatment using potassium and 
EMS showed a different significant effect according to the findings 
of analysis of variance. EMS and potassium treatment and the mutual 
interaction showed a significant effect on the parameters of vitamin C, 
reducing sugars, and total dissolved protein. The EMS and potassium 
treatments alone showed no significant effect on the Brix value 
parameter. The F value of the results of the analysis of variance for 
each treatment of the observation parameters is displayed in Table 1.

Treatments using EMS and potassium [Figure  1] showed different 
effects on the vitamin C concentration of the fruit. The best treatment 
result was obtained using 0% EMS and 2.5 grams of potassium with 
a vitamin C content of 0.94  mg/g. The next best vitamin C levels 
in fruit were then shown to be the result of treatment using 0.3% 
EMS and 0 grams of potassium with a yield of 0.91 mg/g. The next 
best vitamin C content was from the treatment using 0.5% EMS 
and 2.5 grams of Potassium with a yield of 0.78 mg/g. The lowest 
vitamin C content was shown in the treatment using 0.3% EMS and 
5  g of potassium which was 0.52  mg/g. Potassium is involved in 
the metabolism between the formation of carbohydrates and ascorbic 
acid [27]. The role of potassium as a precursor for various enzymes is 
thought to increase the formation of ascorbic acid through D-glucose 
and D-galactose.

Table 1: Results of analysis of variance on parameters of Vitamin C levels, 
reducing sugars, total protein, and Brix content.

Parameters Treatment F‑test Notation

Vitamin C EMS 376.59 **

Potassium 490.55 **

EMS*Potassium 594.56 **

Sugar reducing EMS 318.98 **

Potassium 20.01 **

EMS*Potassium 571.51 **

Total protein EMS 151025.43 **

Potassium 87043.24 **

EMS*Potassium 221252.62 **

Brix content EMS 2.47 ns

Potassium 2.20 ns

EMS*Potassium ‑ ‑
**Mean that significantly, ns mean that not significantly different at 5% or 1% level 
based on analysis of variance test
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Vitamin C level was measured to determine the effect of treatments 
utilizing EMS and potassium on fruit quality. The fruit with the highest 
vitamin C content was the result of the treatment using 0% EMS combined 
with 2.5 g of potassium. Then, the fruit with the lowest amount of vitamin 
C was from treatment using 0.3% EMS combined with 5 g of potassium.

Treatment that produced the maximum reducing sugar was performed 
using 0.3% of EMS concentration without potassium, while the 
treatment producing the least reducing sugar was performed using 
0.5% of EMS, excluding the K treatment. In his experiment [28]. 
Vitamin C content increased with an increase in K concentration, 

however, this did not show a statistically significant difference. The 
amylase enzyme, in general, breaks down carbs into sugar to give 
tomatoes their characteristically sweet flavor [29,30].

Bulawa et al. [31] stated that in Brassica juncea cultivars, potassium 
administration enhanced total chlorophyll efficiency, which in turn 
increased photosynthetic efficiency, plant growth, total phenols, 
flavonoids, and Vitamin C levels. Meanwhile [32] state that total 
soluble solids, vitamin C content, total sugar, and fruit surface color of 
pepper fruit were all improved by potassium fertilizer.

Figure 1: Effects of ethyl methane sulfonate and Kalium on vitamin C content.

Figure 2: Effects of ethyl methane sulphonate and Kalium on reducing sugar 
content.

Figure 3: Effects of ethyl methane sulfonate and Kalium on total 
protein content.

Figure 4: Effects of ethyl methane sulfonate and Kalium on Brix 
content of tomato.

Figure 5: DNA visualization of the ethyl methane sulphonate treatment in 
tomato plants by utilizing random amplified polymorphic DNA Markers of 
OPC-08 (a), OPC-11 (b), OPC-20 (c), and OPE-07 (d). (1; E0K0, 2; E0K1, 

3; E0K2, 4; E1K0, 5; E1K1, 6; E1K2, 7; E2K0, 8; E2K1, 9; E2K2, and 
M; Marker).

dc

ba



Slameto, et al.: Journal of Applied Biology & Biotechnology 2023;11(6):74-81 77

The usage of potassium fertilizer and the amount of vitamin C in 
plants are positively correlated, according to several research [33]. 
Photosynthesis depends heavily on potassium [34] because ascorbate 
and ascorbate peroxidases work together to scavenge the abundant 
hydrogen peroxide created in the time of photosynthesis in conditions 
with high irradiation and a clear relationship involving photosynthesis 
and vitamin is found [35].

Glucose, sucrose, and fructose are the sugars that are created during the 
breakdown process. The sweetness of any plant product is governed 
by this sort of sugar. Fruit’s sweetness was assumed to be related to 
the amount of sugar present, especially decreasing sugar (glucose and 
fructose) .

The highest reducing sugar [Figure 2] was obtained in the treatment 
using 0.3% EMS and 0  g of potassium which was 2.47  mg/g. The 
highest reducing sugar yield was then shown in the treatment using 
0% EMS and 0.25 g of potassium with a yield of 1.59 mg/g. The next 
best treatment used 0% EMS and 0.5 g of potassium and 0.5% EMS 
and 0.25 g of potassium with a result of 1.52 mg/g and 1.44 mg/g. The 
treatment that produced the least reducing sugars was 0.5% of EMS 
and 0 g of potassium with a result of 0.94 mg/g.

Potassium is the greatest prevalent inorganic cation and is necessary 
for fostering strong growth of crop (K) [36]. Many crucial enzymes, 
including those involved in protein synthesis, sugar transport, N and 
C metabolism, and photosynthesis, are activated by K. This element is 
crucial for yield growth and quality improvement [37,38]. Because the 
amount of sugar in plants is positively correlated with the sufficiency 
of the potassium element, the amount of reducing sugar will rise if 
potassium fertilizer is applied more frequently [39]. Fruit sugar is 
imported from the source to the sink, and as potassium affects how 
well sugar is transported, potassium will also alter fruit sugar [40,41].

The combined treatment with 0.3% EMS, however, produced 
the highest sugar content in the treatment without the addition of 
potassium elements. Potassium, a component of the basic fertilizers 
applied at planting time, has a considerable impact on sugar yield. It 
was anticipated that this would likewise have the EMS treatment’s 
impact on the plant’s metabolism.

Our result showed that the treatment with 0.3% EMS and 0 grams 
of potassium produced the highest production of total dissolved 
protein, with a yield of 22.33 mg/g. The highest total dissolved protein 
yield was further shown in the treatment using 0.5% EMS and 5 g of 
potassium with a yield of 19.66 mg/g. The treatment using 0.5% EMS 
and 0.25  g of potassium showed the lowest total dissolved protein 
yield of 7.31  mg/g. In light of the findings of the [42] experiment, 

demonstrating that EMS treatment increased the protein and oil 
content of soybean seeds. Meanwhile, according to [43] the 0.3% 
EMS treatment on mulberry plants showed the highest protein content 
compared to the 0.1% EMS treatment and controls.

When measuring the dissolved protein in tomato leaf extract (using 
Standard BSA), the combined effects of mutagen and potassium 
were highly significant [Figure  3]. The total dissolved protein in 
tomato leaf samples is also considerably influenced by single-factor 
EMS and potassium. The treatment with the greatest overall soluble 
protein content used 0.3% of EMS and no potassium. Meanwhile, 
the treatment utilizing 0.5% of EMS and 2.5g of potassium had the 
lowest total dissolved protein content. The amount of seed protein 
and oil content can be increased through treatment utilizing EMS 
in conjunction with gamma-ray irradiation [27,42]. According to 
[44] Potassium (K) and nitrogen (N), which are commonly used as 
fertilizers in agricultural production, play a critical role in nitrogen 
metabolism. Potassium accelerated the rate of amino acid translocation 
into grains as well as the conversion of amino acids into grain proteins 
(albumin, globulin, prolamin, and glutelin). The accumulation of free 
amino acids in the grain treated with K2 indicates that the effects of K 
on amino acid translocation were more important than those on amino 
acid production. It can be concluded that amino acid translocation into 
the grain, not K+’s influence on peptide bond formation, leads to an 
indirect effect of K+ on grain protein production [45].

Mutations due to EMS cause genetic variation due to changes in the 
genome structure which can be in the form of differences in the number 
and size of alleles in mutant plants [46], can also induce random points 
or create new stop codons in genes [47]. Mutations due to EMS cause 
genetic variation due to changes in the genome structure which can 
be in the form of differences in the number and size of alleles in 
mutant plants [46]; in addition, it can also induce random points or 
create new stop codons within the genes [47]. Mutations due to EMS 
cause genetic variation due to changes in the genome structure which 
can be in the form of differences in the number and size of alleles in 
mutant plants [46], can also induce random points or create new stop 
codons in genes [47]. Mutations due to EMS cause genetic variation 
due to changes in the genome structure which can be in the form of 
differences in the number and size of alleles in mutant plants [46]; in 
addition, it can also induce random points or create new stop codons 
within the genes [47].

The vital nutrient potassium has an impact on the physiological and 
biochemical mechanisms that significantly control the growth and 
metabolism of crops. Potassium is necessary for a number of biochemical 
and physiological processes that are involved in the development of 
plants and their growth. Protein synthesis, glucose metabolism, and 
enzyme activation are all influenced by potassium [48,49]. Fascinating 
findings show that adding potassium to the treatment has no impact on 
protein content. The protein concentration was maximum even without 
the addition of potassium components. It will be fascinating to see if 
the EMS therapy affects how element K is metabolized in the safe 
cells.

The recent study’s findings also showed that Brix value was also 
measured to determine EMS combined with potassium treatment to 
tomatoes [Figure  4]. The result showed that 0.3% EMS combined 
with 5 g of potassium had the highest Brix value (5.0oBrix) and the 
treatment using 0.5% EMS combined without potassium had the 
lowest Brix value (3.9oBrix). The maximum Brix value was obtained 
with EMS treatment at doses of 0.3% without the addition of potassium 
fertilizer (4.9oBrix). The addition of potassium up to a dose of 5 g in 

Figure 6: Dendrogram genotype of ethyl methane sulphonate treatment in 
tomato plants using random amplified polymorphic DNA markers using 

UPGMA Jaccard’s Index.
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plants mutated with 0.3% and 0.5% EMS tended to increase the brix 
value of tomatoes. The addition of potassium had a greater effect on 
the variable value of brix or total dissolved solids (TSS) and gave a 
significant response [50]. The increase in sugar proved the significance 
of potassium on the process of biosynthesis and transfer of sugars 
throughout the plant body [51].

Likewise [22] identified that sugars make up the majority of the 
tomato’s total soluble solids, which are what give the fruit its flavor 
and other qualities. The outcome shown that potassium levels had a 
substantial impact on oBrix.

According to Wuzhong [52], increasing the application of the K 
fertilizer may raise the concentration of sugars in tomatoes which 
could increase the TSS content of tomatoes due to increased imports 
and sugar buildup [53] [54]. Stated that K treatment had no appreciable 
impact on tomato Brixo, in contrast to current data.

Meanwhile, Brix 9-2-5, the gene that codes for the relevant amino acid 
polymorphisms of cell wall invertase, is known to regulate the fruit 
sugar concentration in tomatoes (LIN5). This has a significant impact 
on fruit sink strength and alters the kinetics of sugar concentration [55].

It can be concluded that EMS treatment changed the capacity of 
tomato plants to respond to environmental cues since soluble solids in 
tomatoes were more influenced by environmental factors [56,57]. It is 
reasonable to conclude that tomato plant’s capacity to respond to their 
surroundings was impacted by EMS treatment. This is consistent with 
discoveries of similar correlations in organic molecules.

3.2. Identification of Plant Genotype Changes Resulting from 
Mutations of EMS
A mutagen that modifies the nitrogen base is EMS. At several spots on the 
nitrogen base, EMS inserts acyl ethyl groups (-CH2CH3) that alter the 
base’s structure and ultimately lead to the incorrect pair [Figure 5]. The 
molecular formula for the EMS substance is C3H8SO3. The nucleotide 
chain may become methylated because of EMS mutagens. Guanine (G) 
and cytosine (C), two DNA molecular bases, are mismatched during 
replication as a result of the methylation process [58,59].

Genetic alterations may result from using EMS on tomatoes. Using 
RAPD Polymorphic markers (Random Amplified DNA), kinship 
analysis can be performed to determine DNA alterations at various 
EMS concentrations. This study used four primers and RAPD markers 
to find genotype alterations in tomato plants.

Utilizing RAPD marker-based OPB-08 and OPC-11 primers, the 
findings of DNA visualization after administering EMS to tomato plants 
revealed a total of 2 polymorphic DNA bands. Visually, only two of the 
nine samples, for example, sample 4 (E1K0 treatment) and sample 7—
were amplified (E2K0 treatment) . It can be inferred that there was no 
significant change in the genotypes of the two treatments because the 
amplification of the DNA produced by the two treatments using OPB-08 
and OPC-11 primers produced the same findings at the same size.

A total of three DNA bands, including one polymorphic band and two 
monomorphic bands, were obtained after using OPC-primers 20. Four 
of the nine samples (E2K0 treatment)—samples 1 (E0K0 treatment), 
2 (E0K1 treatment), 4, and 7 (E1K0 treatment)—were amplified. The 
three samples that showed all three DNA bands, namely samples 1 
(E0K0 treatment), 2 (E0K1 treatment), and 4 (E1K0 treatment) were 
comparable to sample 2 (E0K1 treatment), which showed each DNA 
band enhanced.

Five DNA bands were found using the OPE-08 primer, 3 of which 
were polymorphic and 2 of which were monomorphic. Out of the 
nine samples (E1K0 and E2K0 treated) were visual samples 1 (E0K0 
treated), 2 (E0K1 treated), 4, and 7. There was no difference between the 
three samples in the OPE-primers 08 experiment since sample 1 (E0K0 
treatment), sample 2 (E0K1 treatment), and sample 4 (E1K0 treatment) 
all shared traits that suggested that each of the two DNA bands had the 
same size. Based on the detection of DNA from four primers, only three 
of the nine samples, including samples 1, 2, and 7, were amplified.

Non-emergence in samples 3 (E0K2 treatment), 5, 6, 8, and 9 (E1K2 
treatment) was caused by several variables, including non-isolated 
DNA templates. High lycopene molecules may have an impact on 
tomato plants’ ability to isolate their DNA. The incompatibility of the 
site with the primer was another factor.

Table 2 displays the total number of DNA bands and the percentage of 
polymorphisms produced by the utilized primers. Based on amplified 
DNA bands, they can be divided into monomorphic and polymorphic 
patterns. Monomorphic DNA band patterns are those that possess 
the same number and size of DNA bands, while polymorphic band 
patterns are the opposite. With a median of 3 bands for each primer, 
a total of 12 DNA bands were amplified. 73.3% of the polymorphism 
was produced by the 4 primers that were utilized. A  significant 
percentage of polymorphisms (> 50%) can be used to explain the 
genetic differences in the observed group [60,61].

We hypothesize that the varying percentage of G/C to A/T conversion 
brought about by the EMS treatment may be connected to the 
genetic makeup and/or genomic features of these plants. According 
to research (2003), 192 target genes in Arabidopsis plants had a G/C 
to A/T transition responsible for more than 99% of the EMS-induced 
variations.

It is clear from the overall DNA visualization data [Figure 5] that the 
genotype structure of tomato plants is influenced by the administration 
of EMS at various concentrations. Ethylguanin, an aberrant base 
created by methylation caused by EMS mutagens, is the result. 
Ethylguanine will be recognized by the DNA polymerase enzyme as 
thymine when it is coupled with adenine. A plant’s morphology will be 
impacted by the application of EMS to induce mutations that resulted 
in Genetic changes. Plant genetic diversity can be produced through 
induction using a variety of EMS concentrations [59,62,63].

Cluster analysis was used to determine the various genotypes of the 
EMS treatment. A dendrogram generated by cluster analysis can be used 
to compare treatments and identify genetic distances. Two clusters were 
created using the dendrogram mentioned above. Given that E0K0 and 
E0K1 (treatments without EMS and at various potassium doses) occupied 
Cluster I, it may be deduced that genotype modifications in tomato plants 
were unaffected by the application of various potassium dosages [Figure 6].

In comparing E0K0 and E0K1, there was no genotype difference and 
a genetic divergence of 1.000 was found [Table 3]. E1K0 and E2K0 
were the only individuals in Cluster II and their genetic distance was 
0.750 [Table 3]. The difference in EMS administration between the two 
treatments revealed genetic variations in each. The E2K0 treatment 
(0.5% of EMS dose and 25  g of potassium fertilizer/plant) induced 
more polymorphism than the E1K0 treatment (0.1% EMS dose and 
25 g of potassium fertilizer/plant).

Based on the observed DNA banding pattern, Table 3 compares the 
genetic distance between treatments. When the tile distance is more 
than 70% or 0.700, there is little to no genetic variation. The distance 
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between the 4 samples is described in this table. To assess changes in 
genotypes brought on by EMS and potassium fertilizers, more study is 
required for the other 5 samples [64,65].

The genetic differences between tomato plants E1K0 and E2K0, 
which have a genetic distance of 0.750, are brought by the application 
of various doses of EMS. The genetic changes in tomato plants are 
unaffected by potassium administration at various doses. In 4 DNA 
samples amplified from 4 primers, kinship analysis creates 2 groups. 
The 12 DNA bands produced by the employed primers had 73.3% 
polymorphisms. The highest amount of sweetness is produced by 
mutation induction at a concentration of 0.3%, while the most Vitamin 
C is produced at a concentration of 0.5%.

4. CONCLUSIONS

Tomato crops, notably E1K0 and E2K0 with a genetic divergence of 
0.750, experience genetic changes in response to various EMS doses. 
The genetic alterations in tomato plants are unaffected by potassium 
administration at various levels. In 4 DNA samples amplified from 
4 primers, kinship analysis forms 2 groups. The 12 DNA bands 
produced by the employed primers had 73.3% polymorphisms. At a 
concentration of 0.3%, mutation induction yields the most sweetness, 
whereas, at a concentration of 0.5, it yields the most Vitamin C.
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