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Abstract: Ethyl methanesulfonate is a synthetic compound widely used as a mutagen, teratogen and brain
carcinogen and as a research chemical. While, the toxicity and carcinogenicity of ethyl methanesulfonate on
humans and animals have been studied, less is known about its genotoxicity to plants. In this study, the
genotoxic effects of ethyl methanesulfonate were investigated with growing chilli seedlings in solution culture.
Compared with the control, the growth of chilli seedlings (taproot length, longest lateral root length and lateral
roots number) decreased and showed statistics difference at ethyl methanesulfonate test concentrations of 10,
20, 30, 40 and 50 mM. Stickiness, precocious movements, chromosomal bridge, micronucleus and others
chromosomal aberrations were observed in chilli root tip cells were treated with various concentration of ethyl
methanesulfonate. Frequency of chromosomal aberrations increased linearly with EMS test concentration
between 10 and 50 mM and decreased above 50 mM which showed significant difference between control and
50 mM EMS or higher test concentration. Results of the present study suggest that ethyl methanesulfonate
has genotoxicity on chilli root tip cells. The mechanism of genotoxicity of ethyl methanesulfonate needs further
study. It is concluded that high doses of EMS are inhibit the growth of chilli morphological parameters strictly.
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INTRODUCTION achieved in Drosophila melanogaster and Arabidopsis

The monofunctional alkylating agents ethyl divergence between them [2]. In addition, direct estimates
methanesulfonate (EMS) are potent mutagens and confirm that base substitution rates are comparable for
carcinogens [1]. In plants, ethyl methanesulfonate Arabidopsis seeds soaked in EMS [10] and Drosophila
alkylates guanine bases and leads to mispairing: alkylated males fed EMS [11] and approximately similar rates were
G pairs with T instead of C; thus, the resulting mutations found in a reverse-genetic screen of progeny of zebrafish
are G/C-to-A/T transitions [2], but the mechanism(s) by exposed to the mutagen ENU added to the tanks [12].
which they induce changes in gene structure in Ethyl methanesulfonate is reasonably anticipated to be a
mammalian systems is not known [1]. In bacteria, human carcinogen based on sufficient evidence of
mutations induced by agents occur predominantly via GC carcinogenicity in experimental animals [13-14]. When
to AT transitions [3]. Convincing evidence has been administered to newborn mice as a single subcutaneous
presented that such transitions occur as a result of the injection or five daily injections in water, arachis oil, or
mispairing of the minor reaction product, O -alkyl guanine, aqueous gelatin, ethyl methanesulfonate induced6

with thymine [4-7]. Correlations have been made between adenomas or adenocarcinomas of the lung. When
the O -alkyl guanine content of the DNA of mammalian administered as a single intraperitoneal injection, ethyl6

cells treated with alkylating agents and the frequency of methanesulfonate induced lung tumors in male mice and
mutations at a defined genetic locus [8]. lung adenomas in mice of both sexes [15]. No adequate

Ethyl methanesulfonate is remarkably consistent, in data were available to evaluate the carcinogenicity of
that apparently similar levels of mutagenesis have been ethyl methanesulfonate in humans [13-14].

thaliana, despite the approximately 1 billion years of
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Chromosomal aberration include structural Observation of the Chilli Growth: The taproot length,
aberrations such as fragments or intercalations and longest lateral root length, lateral root numbers, hypocotyl
numerical aberrations (unequal segregation of surplus of length and epicotyl length of chilli seedlings were
chromosomes) during cell divisions, which leads to a loss measured.
or surplus of chromosomes (aneuploidy or polyploidy).
Cytogenetics effects can be studied either in whole Observation of Chromosomal Aberration and
animals (“in vivo”) or in cells grown in culture (“in vitro”). Micronucleus: The chilli root tips about 3cm in length
Generally the cell culture is exposed to the test substance were excised, fixed in glacial acetic acid: alcohol (1:3 ratio)
and then afterwards treated with a metaphase-arresting solution for 48h. Then root tip squashes were made by
substance (colcimide). Following suitable staining the using iron alum, haematoxylin squash technique of
metaphase cells are analyzed microscopically for the Marimuthu and Subramanian [20]. The most frequent
presence of chromosomal aberrations. Among plant chromosomal aberrations in the ethyl methanesulfonate
bioassays, chromosomal aberration is well known and treated set were stickiness, precocious movement, bridges
widely used. The chromosome aberration has been shown followed by micronucleus was more frequent. Besides
to be highly reliable in genotoxicity testing. Chilli has its these, laggards and fragmentation were also observed.
unique place in the world diet in its ripe dried form (as a Frequency of chromosomal aberration was expressed as
spice) as well as green fruits (as vegetable) Prasath and the number of cells with chromosomal aberration per 1000
Ponnuswami, [16]. Their consumption represents a major scored cells, out of approximately 12000 examined cells
source of vitamins, minerals in certain regions. Chilli taken from 10 separate seedlings for each group. 
peppers are estimated to be grown on over 1.7 million
hectares worldwide FAO, [17]. Until, now there has not Statistical Analysis of Data: Statistical analyses were
been carried out research on genotoxicity of ethyl performed with one-way ANOVA using NPRC software
methanesulfonate by chilli bioassay. To evaluate the package at 0.05 and 0.01 levels.
genotoxic effect of EMS on plant cells, chilli seedlings
were exposed to increasing EMS concentration. RESULTS AND DISCUSSION
Morphological changes were observed in growth of chilli
seedlings. The purpose of this study was to investigate Growth of Chilli Seedlings: Besides chromosomal
the effects of ethyl methanesulfonate on root growth and aberrations, EMS induces the morphological accretion of
chromosome aberrations in the root meristem cells of chilli seedlings vastly. As shown in Table 1, the tap root
chilli. length, the longest lateral root length, number of lateral

MATERIALS AND METHODS showed preferred variation. In tap root length

Chilli Seed Collections: Chilli (Capsicum annuum var. 10, 20 and 30 mM (4.86) and decrease at 40 (2.65) and 50
K ) was supplied by the Tamilnadu Agricultural Research mM (2.80) concentration. Statistically significant1

station, Kovilpatti and selected for its sensitivity and differences were found at 30 mM (p<0.05) and 50 mM
genetic stability. (p<0.01) compared to result for control. Length of the

Ethyl Methanesulfonate Treatments: Five grams of chilli decreased from 30 (2.03), 40 (1.61) and 50 mM (1.52) test
seeds were treated with a series of concentration 10, 20, concentration and showed statistically significant
30, 40 and 50 mM for 4hr. Before treatment, seeds were difference at 30 mM (p<0.05) and 50 mM (p<0.01)
presoaked in distilled water for 12hr at room temperature. compared with the control. In lateral roots number
Later on these seeds were uniformly exposed to EMS measurements, interesting increasing at 10 (9.17), 20 (8.88)
solution by stirring with a glass rod and then followed by and 30 mM (10.7) which showed statistically significant
a 4hr recovery culture in distilled water. The negative difference and decreasing from 40 (7.47) and 50 mM (6.55)
control distilled water was maintained for comparison in which showed statistically significant differences at 50
these experiments, according to standard methods of mM (p<0.05) were observed. Ethyl methanesulfonate test
chromosomal aberrations and micronucleus experiment concentration higher than 50 mM withdrawn root growth
[18-19]. seriously and even caused plant death (data not shown).

roots, hypocotyls length and epicotyl length were

measurements, slight increase at low test concentration of

longest lateral root increased at 10 and 20 mM (2.13)
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Table 1: Growth of chili seedlings treated with different conc. of Ethyl methanesulfonate

Growth deviation (Mean±SE)
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Ethyl methanesulfonate The longest lateral Number of Hypocotyl Epicotyl
Conc. (mM) Taproot length (cm) root length (cm) lateral roots length (cm) length (cm)

Control 3.55±0.107 2.02±0.060 8.63±0.259 4.12±0.123 1.16±0.035
10 3.68±0.110 1.85±0.056 9.17±0.275 4.96±0.148 1.57±0.047
20 4.33±0.129 2.13±0.064 8.88±0.266 4.33±0.129 1.92±0.058
30 4.86±0.146 2.03±0.061 10.7±0.321 4.94±0.148 1.60±0.048
40 2.65±0.080 1.61±0.048 7.47±0.224 3.50±0.105 1.28±0.038
50 2.80±0.084 1.52±0.045 6.55±0.197 3.67±0.110 1.20±0.036

Table 2: Chromosomal aberration frequency of chili root tip cells treated with different    conc. of ethyl methanesulfonate (per 1000 cells)

Chromosomal aberration frequency per 1000 cells (Mean±SE)
Ethyl methanesulfonate --------------------------------------------------------------------------------------------------------------------------------------------------------------
Conc.(mM) Stickiness Precocious  movement Bridges Micronucleus Others aberrations Aberration sum

Control 0.61±0.018 0.47±0.014 0.22±0.006 0.20±0.006 0.33±0.009 1.83±0.055
10 1.02±0.031 0.98±0.029 1.08±0.032 0.89±0.027 0.79±0.024 4.76±0.143
20 1.13±0.034 1.22±0.036 1.32±0.039 0.90±0.027 0.65±0.020 5.22±0.157
30 1.68±0.050 1.53±0.046 1.25±0.037 1.26±0.038 1.10±0.033 6.82±0.204
40 2.07±0.062 1.92±0.058 1.74±0.052 1.60±0.048 1.58±0.047 8.91±0.267
50 2.41±0.072 1.86±0.055 1.56±0.047 1.81±0.054 1.93±0.058 9.57±0.287

Fig. 1: Microphotograph of the chili root tip aberrant cells induced by ethyl methanesulfonate.   (1 & 2) sticky
metaphase; (3) precocious movement of chromosomes; (4) diagonal metaphase; (5) normal anaphase; (6) single
bridge; (7) double bridge; (8) non-synchronized movement of chromosomes at anaphase (9) anaphase with polar
deviation
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Hypocotyl length of chilli increased and showed Studies have clearly shown that point mutations
significant differences compared with the control. Epicotyl
length of chilli was observed to showed significant
differences at 10 (1.57), 20 (1.92) and 30 mM (1.60)
compared with the control (1.16). From these results, the
most affected by ethyl methanesulfonate (40 and 50 mM)
are chilli taproot length, length of the longest lateral root
and the lateral roots number in morphology. Similar results
were also reported by Donglin Guo et al. [21].

Chromosomal Aberration in Chilli Root Tip Cells:
Abnormal mitotic phenomena were observed in chilli root
tip cells during interphase, prophase, metaphase,
anaphase and telophase by microscopic examination.
Stickiness, precocious movements, chromosomal bridge
and micronucleus were main aberrations observed in this
study, others aberrations such as laggards, fragmentation,
resident chromosome and syncytium, though less, were
also observed.

Among these some of the chromosomal abnormalities
were shown in (Fig. 1). The most common types of
chromosomal anomalies by the use of EMS in chilli were
stickiness. This is earlier reported by Girijesh Kumar and
Priyanka Gupta [22]. Results of the chromosomal
aberration test for different ethyl methanesulfonate
concentration are shown in Table 2. The results showed
that the chromosomal aberration frequencies of chilli root
tip cells increased with ethyl methanesulfonate
concentration increasing from 10 to 50 mM. There were
statistical differences among chromosomal aberrations at
10 mM and higher concentrations of ethyl
methanesulfonate compared with the control (p<0.01).

Previous studies consistently showed that ethyl
methanesulfonate has carcinogenic and mutagenic
activity [13]. In Ethyl methanesulfonate, many of the GC
 AT transitions are probably caused by misincorporation
of thymine opposite O -ethylguanine [20-22] which is a6

persistent lesion in Chinese Hamster cells that lack O -6

alkylguanine DNA alkyl transferase activity [23]. The
types of DNA lesions induced by an alkylating agent
depend upon the reaction mechanism and the reactivity of
alkylating agent, which can be exposed by the Swain-
Scott constant. EMS relatively high ‘s’ value (s=0.67) and
follows a mixed S 1/S 2 type reaction. Therefore, EMSN N

also reacts with strong nucleophiles like the N-7 position
of guanine, resulting in a relatively low O /N-7-6

alkylguanine ratio. So Ethyl methanesulfonate has high
chromosome breaking ability relative to their capacity to
induce mutations when compared to N-ethyl-N-nirosourea
(s=0.26) [24]. 

induced by ethyl methanesulfonate have not been tested
by chilli chromosomal aberration assay and its
investigation has been limited to analysis for its
genotoxicity mechanisms. The effect of ethyl
methanesulfonate on the growth of chilli roots was dose-
dependent. Low concentration of ethyl methanesulfonate
slightly stimulated the root growth, but at concentration
higher than 30 mM, root growth was strictly inhibited. A
reasonable causation of ethyl methanesulfonate slightly
stimulate chilli growth below 30 mM test concentration is
that ethyl methanesulfonate may be metabolized by the
cells and provide nourishment to plants in that case.
However, inhibitory effects of ethyl methanesulfonate
were statistically momentous for the taproot lengths, the
longest lateral root length, lateral roots number,
hypocotyls and epicotyl length of chilli seedlings at
above 30 mM test concentration. The inhibitory effect
was not obviously shown in hypocotyls and epicotyl
length of chilli seedlings. Considered overall, the results
showed that ethyl methanesulfonate of above 30 mM
concentration inhibited chilli root growth. The longest
lateral root length was most affected followed by taproot
length and the number of lateral roots. The results also
indicated that chilli shoots had drastically lower
sensitivity to ethyl methanesulfonate stress than roots.
Similar results were reported by nitrobenzene on root tip
cells of soybean Donglin Guo et al. [21].

Metaphases with sticky chromosome, loss their
normal appearance and they are seen with a sticky
“surface”, causing chromosome agglomeration [25].
Stickiness has been attributed to the effect of chemical
compounds on the physical-chemical properties of DNA,
protein or both, on the formation of complexes with
phosphate groups in DNA, on DNA condensation or on
formation of inter- and intra chromatid cross-links [26-31].
Chromosomal stickiness could also be observed at high
frequency in this study. The induction of this type of
aberration may be due to the disturbance in nucleic acid
metabolism in the cell [32]. Gaulden [33] attributes
chemically induced stickiness to direct action of mutagen
on the histone proteins, leading to improper folding of
DNA. Precocious movements of chromosomes seem to be
a manifestation of improper spindle functioning. The
presence of single and multiple bridges may be due to the
occurrence of dicentric chromosomes formed as a result
of breakage fusion bridge cycles [34]. Chromosomal
bridges may be due to chromosomal stickiness and
subsequent failure of free anaphase separation or may be
attributed to unequal translocation of chromosome
segments [35]. 
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Micronuclei are chromosome fragments or whole REFERENCES
chromosomes  that  were  not  incorporated  in the
daughter  cell   nuclei   and   appear   in   the  cytoplasm.
For  the  measurement   of   micronuclei   cell   division
must be allowed to continue up to the interphase.
Micronucleus   formation   along  with  the  sister
chromatid exchanges and chromosome assays is
considered  as  a  clastogenic  end  point.  The  frequency
of cells with micronuclei is a good indicator of the
cytogenetic  effect  of  tested  chemicals.  Micronuclei
(MN)  often  results  from  the  acentric  fragments or
lagging chromosomes that fail to incorporate into the
daughter nuclei  during  telophase  of  the  mitotic  cells
and  can  cause  cellular  death  due  to  the  deletion of
primary genes [36-37]. The presence of chromosome
fragments  is   an   indication   of   chromosome  breaks
and  can  be a consequence of anaphase/telophase
bridges [38-39]. The induction of chromosome breaks,
disturbances  on  microtubule  assembly  and cellular
death can be related. Our results showed induction of
chromosome type of aberration in the cells treated with
various concentration of ethyl methanesulfonate. This
means that EMS is a clastogen that induces chromosome
breaks and also an aneugen that induces lagging
chromosomes.

Genotoxicity effect of ethyl methanesulfonate on
chilli root tip cells were found at 30 mM and higher test
concentration by chromosomal aberration and
micronucleus assays. In a certain range, there is a linear
relation between the genotoxicity effect and the
concentration of ethyl methanesulfonate. The results
suggest that chilli bioassay is a suitable method for
evaluating mutagenic genotoxicity also in light of the fact
that other plant bioassays have been used to evaluate the
genotoxicity of alkylating agents [40].

Chilli root growth was inhibited by ethyl
methanesulfonate in above 30 mM concentration
treatment and statistically significant. The low
concentration of 10 to 30 mM of EMS has obvious
genotoxic effects on chilli root tip cells. Frequency of
chromosomal  aberration  reached  peak value at 50 mM.
In  a  certain  range, there  is  a   linear  relation  between
the   genotoxicity   effect   and   the   concentration of
ethyl  methanesulfonate.  Even if, ethyl methanesulfonate
injure DNA directly, it may lead to chromosomal
aberrations. The genotoxic potential of ethyl
methanesulfonate needs further study. The results
indicated that chilli bioassays are useful for evaluating
mutagenic genotoxicity. 
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