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ABSTRACT

Chemical and physical mutagenesis has been used to increase genetic variability in crop plants. More than 430 new va-
rieties have been derived as mutants of rice (Oryza sativa L.) via the application of different mutagenic agents. Chemi-
cal mutagens such as ethyl methane sulphonate (EMS), diepoxybutane-derived (DEB), sodium azide and irradiation
(Gamma rays, X-rays and fast neutrons) have been widely used to induce a large number of functional variations in rice
and others crops. Among chemical mutagens, the alkylating agent, ethyl methane sulfonate (EMS) is the most com-
monly used in plants as it causes a high frequency of nucleotide substitutions, as detected in different genomes. In this
study, seeds of potential genotype of the popular variety, (Oryza sativa L. spp. Indica cv. MR219) were treated with
EMS at concentrations of 0.25%, 0.50%, 0.75%, 1%, 1.25%, 1.5% and 2%. Sensitivity to EMS was determined by
various measurements on the M1 generation. As concentration of applied EMS increased, will decrease in germination,
seedling height, root length and emergence under field conditions was observed in M1 generation as compared to the
non-treatment control. Plant height and root length also decreased with increases in EMS mutagenesis in an approxi-
mately linear fashion. The LD25 and LD50 values were observed based on growth reduction of seedlings after EMS
treatment with 0.25% and 0.50% on the rice variety (Oryza sativa L. spp. Indica cv. MR219).
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1. Introduction used chemical mutagen in plants. EMS alkylates guanine
bases and leads to mispairing-alkylated G pairs with T
instead of C, resulting in primarily G/C- to-A/T transi-
tions [1]. EMS mutagenesis in rice involves soaking the
seeds in an aqueous solution at a chosen concentration
(from 0.2% to 2.0%) for 10 to 20 h (based on the sensi-
tivity or kill curve of the genotype used). Since EMS
produces a large number (genome-wide) of non-lethal
point mutations, a relatively small mutant population
(approximately 10,000) is sufficient to saturate the ge-
nome with mutations. In Arabidopsis, point mutation
density can be as high as four mutations per Mb [3-5].
An important advantage of using a common mutagen,
such as EMS, is that a substantial body of literature has
confirmed its utility in forward genetic screens in a vari-
ety of organisms. These include the favorite model ani-

Chemical mutagens (EMS, DEB and sodium azide) and
irradiation (Gamma rays, X-rays and fast neutrons) have
been widely used to induce a large number of functional
variations in rice. Chemicals induce mainly point muta-
tions, and are thus ideal for producing missense and
nonsense mutations, which would provide a series of
change-of-function mutations. On the other hand, ioniz-
ing radiations normally induce chromosomal rearrange-
ments and deletions [1].

Alkylating agents were the first class of chemical
mutagens to be discovered when Auerbach and Robson
[2] found the mutagenic effects of mustard gas and re-
lated compounds during World War I1. Alkylating agents
such as mustard gas, methylmethanesulfonate (MMS),
ethylmethanesulfonate (EMS), and nitrosoguanidine have

several effects on DNA. Because of its potency and ease
with which it can be used, EMS is the most commonly
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mal and model plant for mutagenesis studies in Droso-
phila melanogaster and Arabidopsis thaliana, respec-
tively. EMS is remarkably consistent, in that apparently
similar levels of mutagenesis have been achieved in these
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organisms, despite the approximately 1 billion years of
divergence between them. For example, recessive lethal
mutations are estimated to occur at similar rates in both
cases, with EMS doses causing acceptable levels of ste-
rility and lethality [1]. In addition, direct estimates con-
firm that base substitution rates are comparable for
Arabidopsis seeds soaked in EMS [6,7] and EMS-fed
Drosophila males [8], and approximately similar rates
were found in a reverse-genetic screen of zebrafish pro-
geny exposed to N-ethyl-N-nitrosourea (ENU) [9]. Thus,
chemical mutagenesis causes a high frequency of nucleo-
tide substitutions in a variety of organisms.

Genome size does not appear to be an important factor
in EMS mutagenesis because estimates of per gene muta-
tional density found for Arabidopsis appear to be similar
for maize [10], which has a 20-fold larger genome size.
Therefore, EMS may likely be the mutagen of choice for
TILLING (Target Induce Local Lesion in Genome) in
plants. However, the toxicity of EMS may vary depend-
ing on the species, and other mutagens or post-treatments
with antitoxicants may be worth considering [4].

Over the last few years, several new projects have
been done with the aim of producing EMS-induced rice
mutant populations in the research institutes [1]. Initially
LD50 dose is determined, which is used as an optimal
dose for mutation induction. By ignoring this step,
mutagen dose can either be high or low resulting muta-
tion frequency [11]. The dose assessment for chemicals
is determined by varying the concentration and duration
of treatment, the solvent used [e.g. dimethyl sulfoxide
(DMSQ)], or the pH of the solution [11].

Chemical mutagens (EMS, DES, sodium azide) were
also used by treating banana shoot tips to produce vari-
ants for tolerance to Fusarium wilt [11]. EMS has been
successfully used on chrysanthemum, yielding a fre-
quency of 5.2% mutants. A wide range of variations in
petal color (pink-salmon, light-pink, bronze, white, yel-
low and salmon color) have been recorded [11]. Luan et
al. [12] treated sweet potato (Ipomoea batatas L. callus)
with EMS and obtained salt tolerant lines. At that time,
the result was attributed to differences in the chemical
composition of the chromosomes near the centromere,
making them more sensitive to chemical mutagens.
While it may indeed be the case, other explanations are
possible. For example, genes near the centromere are less
likely to be involved in recombination and hence muta-
tions in those genes are less likely to be eliminated
through selection. Mutants need at least two generations
of meiosis involving chromosome segregation and re-
combination [13].

Lethal dose, the percentage of test organisms that
killed by a specific dosage (of chemicals or radiation),
half will die at LDs, [14].
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2. Materials and Methods
2.1. Plant Materials

In this research, 400 seeds of cultivar MR219 (Oryza
sativa L. spp. Indica cv. MR219) were chosen for EMS-
induced mutagenesis.

2.2. EMS Mutagenesis

Seeds of MR219 were placed in a 500 ml flask and ul-
trapure water was added to about 5 cm level above the
seeds (~100 ml). Seeds were soaked overnight at room
temperature for 20 hours. Subsequently, the water was
decanted and 50 ml of 0.25%, 0.50%, 0.75%, 1%, 1.25%,
1.5% and 2% concentrations of EMS (v/v) in water was
added. Seeds were incubated for 12 hours at room tem-
perature followed by decantation of the EMS and rinsing
with 100 ml of ultrapure water (5 times, 4 minutes each)
and 200 ml of ultrapure water (4 times, 15 minutes each).
Seeds were then rinsed under running tap water for 4
hours before planting in Petri dishes (Table 1).

2.3. Lethal Dose Study in EMS Mutagenesis

Based on the EMS-induced mutagenesis, forty seeds
were sown for each treatment besides untreated control
on filter paper soaked in 5 ml of distillate water in petri
dishes. Petri dishes were then placed in an incubator for 7
days at 25°C. After seven days, the number of seeds that
germinated under these conditions was recorded. The
grown seeds from each EMS concentration applied and
those of the non-treatment control were transferred and
planted in rice field soil prepared in plastic pots. Also,
the plants were watered with distillate water (just used in
research) in the green house. The seedling height and
root length of the plants were measured after two weeks
(Table 1).

2.4. Statistical Analysis

Lethal Dose experiment was organized based on a com-
pletely randomized block design with four replications
and the random block included seven levels of EMS
concentration. Least significant difference (LSD) test at
P-values less than 0.01 was used to investigate the Dif-
ferences in observed averages of all tested parameters
between treatment and non-treatment plants. Statistical
analysis was conducted using S.A.S software.

3. Results

3.1. Effect of EMS-Induced Mutagenesis on
Germination

Data analysis on number of seed that germinated showed
an attendant decrease in germination in M1 generation
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Table 1. EMS mutagenesis scheme for rice.

400 seeds

Soaking in the 500 ml ultrapure water

Over night

Seeds classified in batches of 50 seeds/treatment and placed in the flasks

0.25%

0.50%

0.75%
1%

1.25%

1.5%
2%
0

Concentration of EMS (v/v) in water

50 ml was added 12 hours

Rinsing with ultrapure water

Rinsing under running tap water

40 Seeds/Treatment

100 ml Repeat for 5 times/4 min
with 200 ml Repeat 4 times/15 min
4 hours
Soaked in 5 ml of distillate water Incubate 7 days at 25°C

Germination Test

Grown seeds/treatment

Plants

Planting in pots containing rice foeld soil

Watering with distillate water

Incubate in the green house

2 weeks

The seedling height and root length of the plants measured

with applied increases in concentration of EMS. Accord-
ing to Figure 1 and Table 2, the results obtained indicate
that reduction in seed germination occurred with corre-
sponding increase in EMS concentration (P < 0.01).

3.2. Effect of EMS Mutagenesis on Root Length
and Seedling Height

Analysis of the average of roots length and seedling
height showed that EMS-induced mutagenesis imposed
significant impact on the seedling height. According to
results obtained (Figure 2 and Table 2), seedling height
decreased in proportion with increase in applied EMS
concentration (P < 0.01). Figure 3 and Table 2 in this
research, showed that the root length decreased after in-
creasing the concentration of EMS as compared to non-
treatment control (P < 0.01). Maximum reduction in root
length was observed after mutagenesis was induced with
0.25% concentration of EMS in MR219.

The highest length of seedling 33.04 cm has been ob-
served among the control group. Seedling height reduced
during EMS-induced mutagenesis. Based on Table 2, the
maximum reduction in seedling height was observed
when rice MR219 was treated with concentration of
0.25%. Also, maximum root length has been observed
highest among seeds in the control group (96.6 mm) fol-
lowed closely by the root length and seedlings height at
0.25% concentration being the highest among the treat-
ment group. The least root length has been recorded
when 0.75% concentration of EMS concentration has

Copyright © 2012 SciRes.
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Figure 1. Effect of different concentration of EMS mutage-
nesis on seed germination.
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Figure 2. Effect of different concentration of EMS on seed-
ling height.
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Figure 3. Effect of different concentration on root length.
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Table 2. Mean value of germination, seedling height, root length and emergence following EMS mutagenesis.

Treatment Germination Seedling Height (cm) Root Length (mm)
Actual % of control Actual % of control Actual % of control
Control 39 100 33.04" 100 96.6 100
0.25 28 7179 24.58" 74.39 69.80" 72.25
0.50 19 48.71 16.16" 48.91 45.15" 46.73
0.75 11 28.20 8.40 25.42 22.37" 23.15
1 7 17.94 0 0 0 0
1.25 2 5.12 0 0 0 0
15 0 0 0 0 0 0
2 0 0 0 0 0 0
LSD% 3.78 5.07 4.44
C.V% 2.13 2.26 2.26

“Significant at 1% level, the values are mean of four replicates.

been applied. No readings were observable for seed ger-
mination, root length and seedling height when treatment
with EMS concentrations above 0.75% has been applied
for the considered genotype.

4. Discussion
4.1. Effect of EMS Mutagenesis on Germination

It can be observed in the field conditions, EMS mutage-
nesis caused significant reduction in the germination.
This was manifested as significantly decline (P < 0.01) in
seed germination as the EMS concentration was in-
creased. Among the chemical mutagens and alkylating
agents, EMS has especially been demonstrated to be the
most potent.

Previous studies affirm that while the mutagenic re-
sponse is more or less linear with the dose, polyploids are
more tolerant than diploids [13]. According to Figure 1,
the current research results showed that after EMS treat-
ment was applied, seed germination was decreased sig-
nificantly with increasing EMS (P < 0.01).

In concert with a previous study on radiation mutation
[15], survival of plants to maturity depends on the nature
and extent of chromosomal damage. Increasing fre-
quency of chromosomal harm with increasing radiation
dose may be responsible for reduction in germination
inability, plant growth and survival. In another study,
changes in the germination percentage were attributed to
gamma rays treatments [15].

Furthermore, genes near the centromere are more
prone to mutagenic treatment than those located farther
away. In another study, chlorophyll mutants were fre-
quently observed among EMS treatment group but were
rare among those treated with physical mutagens [13].
The stimulating effect of physical mutation on germina-
tion may be credited to the activation of RNA or protein

Copyright © 2012 SciRes.

synthesis. It may occur during the early stage of germi-
nation after the seeds are treated [16].

4.2. Effect of EMS Mutagenesis on Root Length
and Seedling Height

To identify the biological influences of different physical
and chemical mutagens in M1, seedling height is mostly
utilized as an index [1]. It has been shown that a linear
dependency exists between seedling height and the dos-
age of physical or chemical mutagens. In concept with
this observation, our findings show that decreases in
seedling height were because of increases in EMS con-
centration.

Our results showed that after treatment with EMS was
effected in the rice variety MR219, the seedling height
significantly (p < 0.01) decreased as compared to the
control group. In rice MR219, a significant effect (p <
0.01) of the concentration of applied EMS on the root
length was observed. Again reduction in root length oc-
curred with each corresponding increase in the concen-
tration of EMS. The symptoms frequently observed in
the low-or high-dosage treated plants are enhancement or
inhibition of germination, seedling growth, and other
biological responses [17].

Regarding the physical mutation study by Wi et al.
[17], a hypothesis was presented that low dose irradiation
will induce growth stimulation by changing the hormonal
signaling network in plant cells or by increasing the
anti-oxidative capacity of the cells. Plants can easily
overcome daily stress factors such as fluctuations of light
intensity and temperature in the growth condition [16]
contrast, the high-dose treatment that caused growth in-
hibition has been ascribed to the cell cycle arrest at G2/M
phase during somatic cell division and/or various dam-
ages in the entire genome [18]. In this present study,
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variability was measured by mean values of the root
length and seedling height both which decreased with
increases in the concentration of EMS. According to a
physical mutation study by Chaudhuri [19], when radia-
tion is sufficient to reduce the rooting percentages, the
root lengths do not exceed a few millimeters in length.
Hence due to metabolic disorders in the seeds after radia-
tion treatment, the seeds are unable to germinate [19].

5. Conclusion

Lethal Dose was determined by measuring the seed ger-
mination, seedling height, root length and emergence of
the M1 generation under field conditions. In this experi-
ment, quantitative determinations were applied as a re-
gular procedure. The related data about seedling height,
root length and percent of germination were collected
and recorded. Variability on observed means was calcu-
lated. On the whole, differences between concentration
of EMS treatments significantly affected seedling height,
root length and germination (p < 0.01). So, the LD25 and
LD50 values observed based on the growth reduction of
seedlings after treatments occurred during the application
of 0.25% and 0.50% concentrations of EMS for the vari-
ety MR219.
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