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ABSTRACT

This study is aimed at mutagenic impacts of Ethyl Methane Sulfonate (EMS) to find out potential dose to be effective in
mutation breeding of climate resilient grass, Setaria italica (L.) Beauv., commonly known as Foxtail millet. Pure inbred
seeds were treated with different doses of EMS to analyse the effects on cytology and photosynthetic pigment content.
Sensitivity of plant for different doses of chemical mutagen was studied. It was found that meiotic abnormalities
increases with increase in mutagen dose. At lower doses EMS has positive impact on photosynthetic pigment content
which increased significantly but at higher doses pigment content was decreased. This confirms the suitability of lower
doses of EMS for creating genetic variation by mutation breeding.
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INTRODUCTION

Millets are climate resilient small seeded plants belonging to Poaceae family. They are considered as one
of the oldest cereal grown in drought prone geographical areas. Since time immemorial millets had been
an important component of diet in India. But in last sixty years wheat and rice has replaced millets as
main dietary components so they are also called as Forgotten crops or Orphan crops. With the advent of
lifestyle diseases millets are regaining importance due to their nutritional value. Moreover, millets are
advantageous over other crops as they can be grown in dry weather and nutrient-poor soil, produce
stable yield due to climate resilience properties and also their grains may be stored for long time securing
food supply[6]. Setaria italica (L.) Beauv., commonly known as foxtail millet, is a versatile small millet
crop known for its climate resilience properties. It is a diploid self-pollinated C4 grass grown as relict
crop in several parts of Asia and Europe [12]. Meiosis has been considered as a paradoxical process which
is a harmonious combination of universality and uniqueness. Any cytogenetic event is regulated by
certain specific genes. Mutations in these genes results into abnormalities which physiologically may
confer beneficial traits in plants. Meiotic abnormalities are cause for morphological and genetic variations
which leads to intraspecific reproductive barriers and evolution. This fundamental principle is the basis
for all mutation breeding experiments.

Mutation breeding is a popular efficient technique for genetic improvement of crops. Mutation breeding is
a popular technique for crop improvement. Improvement of any cultivar or a variety depends on the
changes in the mode of gene action and induction of genetic variability. Induced mutagenesis is a potent
tool for creating genetic variability in crops. Physical and chemical mutagens can create variability in
quantitative and qualitative traits of crops. Various mutagens induce favourable mutations in plants.
Mutagenesis causes a broad range variation in morphological as well as in cytological parameters. In
foxtail millet, mutation breeding is easier and popular tool than artificial hybridization because of small
florets causing difficulties in emasculation and pollination.

Ethyl Methane Sulfoate (EMS) is a chemical mutagen which is used to induce mutation in seeds. EMS has
affinity for guanine rich areas resulting into breaks or damage in chromosomes. It acts as an alkylating
agent and induces random point mutations, single base substitution, at a very high frequency which may
create novel stop codons in the genes [2, 21]. EMS has been a common mutagen in mutation breeding
programmes which is also used to develop a large number of mutants utilized in development of TILLING
populations [16]. EMS has given successful results in many plants which includes generation of
morphological diversity, improvement of desirable traits, male sterility and disease resistance. Some

BEPLS Vol 10 [2] January 2021 127|Page ©2021 AELS, INDIA


http://www.bepls.com
mailto:pandey197@gmail.com

Kumar and Pandey

common recent examples include resistance to Potyvirus in tomato [18] and increased phenolic content
in egg plant [23]. Cytological analysis of meiotic behaviour in response to certain specific doses of a
mutagen is one of the most important index to estimate the potency of mutagen against various
genotypes [17]. Although some mutagenic studies have been done in the plant but less attention has been
given on cytological studies.

MATERIAL AND METHODS

Seed Procurement Inbred seeds of Setaria italica (L.) Beauv. were collected from NBPGR, Akola centre,
Maharashtra, India.

Seed treatment Healthy seeds were pre-soaked in distilled water for overnight so that seed coat
becomes permeable for chemical mutagen. Three different concentrations of EMS solutions viz. 0.1 %, 0.3
% and 0.5% were prepared in phosphate buffer solution at pH 7.0. Pre-soaked seeds were treated with
these three freshly prepared EMS solutions for 5 hours. Some pre-soaked seeds were kept in distilled
water to be used as control set. After completion of 5 hours, treated seeds were thoroughly washed with
water to remove the excess of mutagen which remained over the seeds. EMS treated seeds along with
control set were sown in field in replicates of three for each treatment to raise plants for the study of
different cytological and biochemical parameters.

Fixation and meiotic study At flowering stage inflorescence with appropriate size were fixed in carnoy’s
fixative (3:1, absolute alcohol: glacial acetic acid) for 24 hours. Thereafter, inflorescence were transferred
to 70 % alcohol to preserve it at 4 9C for further use. For meiotic studies slides were prepared by anther
squash technique using 2 % acetocarmine stain.

Statistical analysis Data obtained from cytological and biochemical studies were statistically analysed
using SPSS 16.0 software. Observations for each treatment were recorded in triplicates and one
independent variable was used. One way analysis of variance (ANOVA) was done for further analysis. For
calculation of mean Duncan’s multiple range test (DMRT, P<0.05) was performed and graphs were
prepared using Sigma plot 10.0 software. For biochemical study similar statistical analysis of
photosynthetic pigment content was done.

Photosynthetic pigment content analysis Lichtenthaler’'s method was used for estimation of
photosynthetic pigment content [15]. In 5 ml of 80% acetone, 20 mg of fresh leaves from each treatment
were crushed. To reduce the probability of errors experiment was conducted in triplicates.

RESULTS AND DISCUSSION

In control plants meiosis was found normal with nine bivalents (2n=18). In control plants metaphase-1
and anaphase-1 was normal without any anomaly in chromosomal configuration. In treated sets
stickiness was the most common abnormality. Scattering at metaphase, unorientation, asynchronous
division are most common meiotic abnormalities which were observed in Pollen Mother Cells of all
treated plants. Among metaphasic abnormalities, magnitude of precocious movement, unorientation,
multivalent formation and asynchronous division uniformly increased with increasing dose of mutagen.
Cytomixis with channels is a significant finding among other abnormalities. Asynchronous division and
unorientation were more frequent in stages of meiosis-I in comparison to stages of meiosis- 1.

Meiosis is the most significant process in the life cycle of an organism which consists of physiological,
biochemical, cytogenetic and phenotypic events in a highly coordinated manner leading to genetic
recombination, reduction in chromosome number and formation of gamete [11]. Mutation in genes
associated with meiotic process may cause disrupted meiosis and chromosomal abnormalities. In some
cases it may lead to gametic sterility[13]. Study of cytological abnormalities and estimation of its
magnitude is an important parameter to assess the sensitivity of any plant to specific physical and
chemical mutagen. Meiotic studies showed that although similar types of chromosomal aberrations were
formed in all treated plants but frequency and magnitude varied from dose to dose. In present
experiment frequency of different abnormalities consistently increased with the increasing dose of
mutagen. Chromosomal abnormalities included Scattering, Precocious movement of chromosomes,
Stickiness, Unorientation, Multivalent, Secondary associations of bivalents, Asynchronous division,
Forward movement and Laggards. Along with it cytomixis with transfer of genetic material through
channels was also observed. (Figure 1,2).

The recorded cytological data are shown (Table 1) which infers that magnitude of meiotic abnormalities
were increased with the increasing concentration of mutagen. Different types of chromosomal
abnormalities were observed which have been reported in other plants by some workers. Most of the
plants showed a general pattern of increase in abnormality percentage with increase in dose of mutagens.
But in response to mutagen plants show different kinds of cytological abnormalities depending upon the
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basic nature of chromosomes and action of mutagen on genes. In present study significant observations
include stickiness as the most prevalent chromosomal abnormality at all doses of EMS and both
metaphase as well as anaphase. Most common cause for stickiness is nucleic acid depolymerisation or
nucleoprotein dissociation and changes in their organisation [4, 22]. In some cases, stickiness in
chromosomes may be a final outcome of chromosomal breakage [8] or improper folding of DNA [7]. EMS,
being a potent alkylating agent, must have caused condensation of chromosomes by direct action on
target proteins involved in meiosis resulting into disturbances in chromosomes leading to stickiness.
Main reasons for precocious movement of chromosomes are early terminalisation, stickiness and
abnormal movement of some chromosomes during anaphase [19]. These effects might have been caused
due to abnormality in spindle activity or deformed chromosomal pairing [1] leading to haphazard
chromosomal movement resulting into precocious movement of chromosomes. Multivalent formation
under the influence of mutagens are considered to be a result of irregular pairing and breakage [3].
Formation of multivalents in many plants have been attributed to breakage and reunion of chromosomes
through translocation [14]. Irregular pairing and breakage of chromosomes may be a result of
translocations and inversions. Formation of laggards may be attributed to delayed terminalisation due to
chromosomal stickiness or in some cases due to slow chromosomal movement [10].

Trentment No.of Metaphazic Abnormalities (o) Anaphazic Abnormalities (B Telanhazic (B TAh-(b1)
PAIC's Abnormalities
observed (B
S Fm 5t Tn My Sa AsE Fm Lz Tn 8t

CONTROL 285

[T L] 0232011 - 0a1+012 | 046011 - - 057022 - 035020 | 058010 | 083012 0342004 0342018 | 433040

T3% T 071019 023011 | 107019 a.ae=l12 | 04a=l 13 - 071=019 | 0470 11| 086030 | 085030 | 1325015 1155028 0365021 | 237028

L1107 50 058030 [ 059012 | 071001 | 058012 | 118010 058022 | 107£022 | 059012 [ 058012 [ 191034 | 233012 1.19+) 25 0474012 | 1251075

Table 1: Effect of Ethyl Methane Sulfonate (EMS) on meiotic behaviour and chromosomal morphology in
Setaria italica (L.) Beauv.

Abbreviations: Sc- Scattering; Pm- Precocious at metaphase; St- Stickiness; Un- Unorientation; Mv-
Multivalent: Sa- Secondary association: Asy- Asynchronous: Fm- Forward movement; Lg- Laggard; Oth-
Others; TAB-Total abnormality percentage.

*Different letters in the superscript denote significant differences means (p < 0.05) by DMRT (one
way ANOVA)

Cytomixis is due to action of chemical mutagen. It causes aneuploidy in plants with unique morphological
features and gametes without reduction in chromosome number [20]. This phenomenon is also
responsible for reduced pollen fertility.

Photosynthetic pigment content was calculated in unit pg (mg fresh weight)-1. In comparison to leaves of
control plant content of chlorophyll a, chlorophyll b and carotenoids increased in both 0.1% and 0.3%
EMS treatment. But at highest dose of 0.5 % EMS treatment content of all three pigments were decreased
in comparison to control. Maximum effect was seen in case of carotenoid content and chlorophyll a was
least affected. At lower doses along with significant cytogenetic changes there was an increment in
photosynthetic pigment content. Photosynthetic pigment content is directly correlated with
photosynthetic efficiency of plants. Chlorophyll a and chlorophyll b are responsible for photosynthetic
process and carotenoids protect chlorophyll from photo-destruction. Due to mutagenic effects enzyme
system in plants are considered to be activated leading to increased photosynthetic pigment content [5,
9]. But at 0.5 % EMS concentration both chlorophyll and carotenoids are reduced. This result infers that
atlower doses EMS cause positive effects on photosynthetic pigment content.
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Figure 1: Graph showing effect of EMS on metaphasic and anaphasic abnormality percentage in Setaria
italica (L.) Beauv
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Figure 2: Cytological plate

Legend of figures- a: Two precocious at Metaphase-I; b: Stickiness and precocious at Metaphase-I; c:
Scattering at Metaphase-I; d: Precocious Metaphase-I; e: Scattering at Metaphase-1I; f: Asynchronous and
loop formation at Metaphase-II; g: Sticky at Metaphase -1I; h: Cytomixis with two channels
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Figure 3: Graph showing effect of Ethyl Methane Sulfonate (EMS) on photosynthetic pigments in Setaria

italica (L.) Beauv

CONCLUSION

Analysis of reductional division is an important dependable index in measurement of mutagen potency.
Hence, studies on meiotic disturbances indicate that genetic load resulting from mutation is an important
integral part of mutagenesis experiments. It also helps to determine the suitability of type and dose of
mutagen for a plant to achieve maximum output. At lower doses of EMS change in genetic variability was
observed with increment in photosynthetic pigment content. This infers that lower doses of EMS may
successfully induce beneficial characters in foxtail millet.
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