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mutagens (Nuti Ronchi et al. 1986) and chemical

mutagens (Verhoeven et al. 1991). Micronuclei

originate either from acentric chromosomal fragment

or sometimes whole chromosome  left behind at

anaphase which remain unable to incorporate into

nucleus after the cell division (Fenech 1997). It is well

recognized that micronuclei are either configuration of

or a fragment of  chromosomes (Gisselsson et al.

2008; Fenech 2007). Such kind of micronuclei appear

due to  genotoxic stress such as clastogen or aneugen

(Terradas et al. 2010). Aneugenic agents create the

disturbance in the formation of  spindle apparatus

during mitosis and form micronuclei in which a whole

chromosome lag behind at anaphase, which later on

gets surrounded by the nuclear envelop however in

case of clastogenic agents  micronuclei are produced

by stimulating breakage of chromosome which result

into acentric fragments, those fragments are incapable

of  adhering to the spindle fibres and integrating into

daughter nuclei (Kumar and Rai 2007; Terradas et al.

2010). The formation of micronuclei is assessed to be

a result of deformity in the cell restoration machinery,

nucleic acid damages and anomalous chromosomal

behaviour. Now a days, ethyl methane sulphonate

(EMS) has grasped much attention worldwide as the

most potent mutagenic agent known to create

variations in higher plants (Luzhna et al. 2013). EMS

provides a good scope for selection, as a tool for

alteration in the genotype to enhance the variability of

characters. In the era of complementary and alternative

medicine, Eclipta alba (L.) Hassk. (2n=22) (common

name: Bhringraj) has gained importance due to its

ability to provide a multitudes of  health benefits.

Bhringraj has been significant part of traditional

medicinal system since antiquity. Major portion of this

Abstract

The eukaryotic cells are complemented with a single

nucleus. However, several cells show abnormal small nuclei

known as micronuclei, with addition to the main nucleus.

These  anomalous small nuclei along with main nucleus

which may be the result of exposure of cell to cytotoxic

agents (Chemicals/physical mutagens). These mutagens

also cause structural or numerical chromosomal aberrations.

The treatment of EMS, a chemical mutagen, induces

micronuclei formation and nuclear as well as chromosomal

peculiarities in Eclipta alba. The effect of micronuclei is

discussed in terms of cytotoxicity of genotoxins and several

evidences of nuclear polymorphism illustrated due to the

mutagenic effect of EMS. Pollen viability was also examined

through pollen fertility. Micronuclei causes the genomic

instability and elimination of genome which is effectively

put to use in breeding programmes for the creation of

aneuploids and also for haploid lines.
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Introduction

Micronuclei are disintegrated nuclear or chromosomal

fragments. These are chromatin containing structures

found in cytoplasm of the cell and surrounded by a

membrane that has no detectable link to the cell

nucleus (Schiffmann and De Boni 1991). Their

presence is an indicator of genomic instability.

Micronuclei (MN) are small extra-nuclear bodies, also

called as Howell-Jolly bodies, first reported by William

Howell and Justin Jolly in precursors of red blood cells

(Luzhna et al. 2013). At that time they were expressed

as remnants of nuclei of red blood cells (Sears and

Udden 2012). Micronuclei in plants were reported by

Marshall and Bianchi (1983) resulting from physical
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plant is used to prepare herbal medicines which have

no side effects on human and hence, considered as

an important source of primary health care for majority

of world population. Bhringraj is a reservoir of medicinal

properties as it contains several phytochemicals which

are used as remedy for several diseases such as liver

ailments, cirrhosis, infective hepatitis and other

conditions involving hepatic enlargement. Since Vedic

period it is well known plant for its splendid medicinal

values. Bhringraj occupies an integral role in Ayurvedic

therapies and it is a self-pollinating plant so there is

need to generate variations with the help of mutagens

to improve qualitative and quantitative traits. The

current study was undertaken to assess the mutagenic

potential of an alkylating agent EMS on the genetic

constitution of Eclipta alba (L.) Hassk. The malignancy

of gene due to EMS was measured in terms of

micronuclei frequency. This discussion presents a

comprehensive account of cytological effects of EMS

on Bhringraj cultivars for mutagenic exploitation of the

herb. Therefore the work is focused  delebrations

mainly on the investigation of micronuclei and its

several advantages. This approach allows to examine

the genotoxicity and pointing out some of the potential

pitfalls and limitations of this phenomenon.

Materials and methods

Seeds of Eclipta alba (L.) Hassk. were obtained from

Central Council For Regional Ayurveda Sciences

(CCRAS), Jhansi, India. Healthy and fresh seeds were

treated with various concentrations of freshly prepared

EMS solution, viz., 0.1%, 0.3% and 0.5%, prepared

in a phosphate buffer  with pH 7.0 for 5 h. The treated

seeds were then meticulously rinsed in running tap

water for 30 min. to remove excess traces of the

mutagen remained over the seed coat. Intervening

period of time, one set of seeds were kept without

treatment to act as control. The control seeds as well

as treated seeds were sown immediately in the field

in replicates of three for each dose adopting the

complete randomized block design (CRBD) to raise

the M1 population.

For meiotic studies, flower buds of adequate size

were fixed in Carnoy’s fluid (1 part glacial acetic acid:

3 parts ethyl alcohol). After 24 hour of fixation, buds

were transferred to 70% alcohol for longer use. 2%

acetocarmine squash technique was used to examine

the pollen mother cells (PMCs) for scoring meiotic

anomalies. Pollen viability was analysed by using the

acetocarmine glycerine stainability test. The

snapshots of the pollen mother cells (PMCS) were

recorded by pinnacle PCTV capture device.

Statistical analysis was performed using the

SPSS 16.0 software. Analysis of variance (ANOVA)

and Duncan’s multiple range test (DMRT, P < 0.05)

was subjected for comparison of the mean and the

graphical illustrations of data were plotted by using

sigma plot 10.0 software.

Result and discussion

Cytogenetic study provides insight about chromosomal

structure and number. Meiotic studies in the control

population revealed no irregularities in the structure

and behavior of chromosome and exhibited 11 normal

bivalents at metaphase I (Figs. 1B and C).

Fig. 1. Micronuclei induced by EMS treatment. A:

Normal prophase; B: Normal metaphase I  (n=

11); C: Normal anaphase (2n = 11:11), D: One

micronucleus at prophase I; E: Binucleate PMC

single micronucleus; F: Two micronucleus at

prophase I; G: Trinucleate condition with 2

micronuclei; H-J: Multinucleate condition; K:

Nuclear budding; L: Double laggard at Anaphase

I; M. Bridge at Anaphase I; N:Telophase I with

micronuclei; O: Micronuclei with Microcell; P:

Fertile (Arrow) and sterile Pollen;  Scale Bar-

9.73µm
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However, in EMS treated plants, PMCs showed

various chromosomal disturbances during meiosis. A

range of different abnormalities were recorded, among

which micronuclei formation was specific one. At the

lowest concentration i.e. 0.1% EMS, per cent

frequency of micronuclei recorded was 3.79±0.024%

which was calculated to be 6.71±0.20% at 0.3% EMS,

and increased to 10.29±0.21% at highest concentration

of EMS (Table 1).

frequency of laggards (Fig. 1) and bridges, was

observed that exhibited integration with micronuclei

formation. These micronuclei formation give rise

aneuploidy (Seoane et al. 2000) which observed during

the meiosis process of E. alba.

Per cent frequency of laggards at anaphase

increased from 0.58±0.31% at 0.1% EMS to

1.09±0.10% at 0.3% EMS treatment sets while at 0.5%

EMS, it was calculated to be 1.14±0.25%. Splitting

and enucleation of micro nuclei from parent cell

occurred via microcell, as evident in some stages (Fig.

O). It was discernible that formation of microcell was

seen at the highest two treatment sets at i.e. at 0.3%

(0.22±0.11%) and 0.5% (0.37±0.10%).

The maximum pollen fertility was recorded in the

control set with mean per cent value observed as

97.17±1.15% meanwhile in the treated sets, the pollen

fertility shows a gradual decline along with increasing

concentrations of EMS as shown in Fig. 2, which

Table 1. Micronuclei formation in Eclipta alba (L.) Hassk.

induced by EMS treatment

Treatment Concen- Total No. of % of PMC’s

tration no. of PMC’s with with MN

PMC’s MN

scored

EMS Control 235 - -

0.1% 274 9.33±0.04 3.79±0.02

0.3% 289 18.00±0.12 6.71±0.20

0.5% 265 29.66±0.45 10.29±0.21

PMC’s = Pollen mother cells, MN= Micronuclei

Table 2 is a depiction of total micronuclei

frequency in to number of additional micro nuclei. This

data is a depiction of total micronuclei frequency

recorded for 0.1% EMS to 0.3% EMS treatment. Mono-

micronucleate condition was found dominant in all the

three treatment sets in highest frequency and was

recorded to increase from 1.82±0.17 at 0.1% EMS to

3.03±0.30 at 0.5 % EMS set.

Binucleate frequency ascend from 0.97±0.10 to

2.39±0.13% from lowest to highest treatment set. Least

frequency was calculated for pentanucleate condition;

it was observed in 0.3 and 0.5 % treatment sets only

and calculated to be 0.11±0.11 and 0.50±0.12,

respectively. Besides micronuclei, a considerable

Table 2. Configuration of micronuclei in relation to number of nuclei along with anaphasic abnormalities

                                                 Number of MN per PMC (Mean±S.E.)                  No. of Anaphase No. of

                  cells (Mean±SE) Microcell

(Mean±SE)

Mononucleate Binucleate Trinucleate Tetranucleate Pentanu- LaggardsI/II BridgesI/II

cleate

Control 0 0 0 0 0 0 0 0

0.1% EMS 1.82±0.17 0.97±0.10 0.37±0.1 0 0 0.58±0.31 0 0

0.3% EMS 1.86±0.35 1.48±0.39 1.15±0.08 0.23±0.20 0.11±0.11 1.09±0.10 0 0.22±0.11

0.5% EMS 3.03±0.30 2.39±0.13 1.37±0.0.09 0.76±0.23 0.50±0.12 1.14±0.25 0.62±0.11 0.37±0.10

Fig. 2. Effect of EMS treatment on the pollen fertility of

Eclipta alba (L.) Hassk.

deciphered graphical representation of the pollen

fertility trend in the control as well as treated sets.

Figure 1P displayed sterile pollens.
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There are many studies done previously on

regular or irregular mitosis as well as meiosis which

suggest the abnormal behaviour of chromosome either

naturally (Thakur and Singh 1968; Trivedi and Kumar

1984) or induced by physical and chemical mutagens

(Kumar and Tiwary 2014; Kumar and Mishra 2020).

These studies give a clear picture about the anomalies

found in E. alba. However, the result suggests

entrapment of chromosome within micronuclei which

induces chromothripsis (shattering of chromosome),

accompanied by the random re-arrangement and

ligation of the fragments leading to the

chromoanagenesis (formation of abnormal

chromosome) which is the reason for genomic

instability and aneuploids. Genomic instability has

been suggested to lead nuclear pleomorphism and

nuclear deformities (Bignold 2003). As EMS stimulates

abnormal segregation of chromosomes or chromatid

which renders the poleward movement of

chromosomes during anaphase and get manifested

as laggards which cease to assemble in daughter cells

at telophase. Confinement of these laggards within a

nuclear encasement culminates in micronuclei.

Appearance of micronuclei acts as a marker of

genotoxic damage (Kamboj et al. 2007) and these

micronuclei assay is an important tool to assess the

level genotoxicity of different doses of mutagens.

The earlier exhaustive works on the concept of

micronuclei, and consequences associated with it have

been discovered and various effective speculations

have been proposed. The censorious study of various

recent reports suggest that micronuclei may result due

to disturbance of cell cycle by way of clastogenecity

which  invades chromosomal breakage while aneugen

affects cell division and spindle properties resulting in

aneuploidy and  micronucleus formation, respectively

(Luzhna et al. 2013). As clastogenic and aneugenic

mechanisms of physical and chemical mutagens

(Walker et al. 1996) cumulatively or separately renders

the genetic architecture of the cell’s nucleus. The

formation of mononucleate and binucleate (Fig. 1D

and E) PMCs are indicator of clastogenic effects (Leme

and Marin – Morales 2008) whereas micronuclei formed

due to breakage of chromosome strands show

multinucleate micronuclei bearing PMCs (Figs. 1H-J)

are consequences of aneugenic effect resulting from

chromosome loss.

Micronuclei assays have been considered, as

the most effective and simplest way to explore the

mutagenic effect aided by chemicals due to the fact

that micronuclei result from damages, rather than

wrongly repaired, in the parental cells (Ribeiro 2003).

Growing evidences of micronuclei and its involvement

in chromatin/chromosome status regulation, gene

expression; and genetics have an equal influence on

the development of genomic instability (Aypar et al.

2011).

Chaudhary et al. (2015) opined that mutagenic

effect of  EMS could be related to its ability to induce

nuclear alteration in the form of  nuclear buds,

micronuclei, irregular nuclei, etc. EMS  causes the

breakage of chromosome at guanine rich areas and

also modifies the bases of DNA which cause the

micronuclei formation (Kumar and Singh 2018).

Hoffelder et al. (2004) suggested that the presence or

absence of nuclear pore complex together with the

specific micronuclear DNA content might be one of

the decisive factors for the transcriptional activity of

micronuclei. Similarly other diverse structures of

nucleus, such as nuclear buds which are produced by

the remnants of broken nucleoplasmic bridges (Utani

et al. 2010; Fenech et al. 2011). They are originated

from dicentric  chromosome, by breakage of

nucleoplasmic bridges during cytokinesis resulting into

a micronucleus formation.  From some studies, an

idea has been conceived that these nuclear buds might

have converted into micronuclei during interphase

stage of the cell cycle (Shimizu et al. 1998)

submissively, micronuclei paved a clue to understand

the mechanism underlying the nucleus reconstruction

after mitosis or meiosis. Simultaneously micronuclei

and nuclear buds are indicator for genomic instability.

Chromosome losses from disorderly arrangement of

chromosomes in the cell’s cytoplasm which triggers

the induction of micro cells (Fig. 1O). Few authors

believe that if the synthesis of DNA in a micronuclei

composed of an entire chromosome, it is synchronic

to nuclear DNA synthesis, the lost chromosome could

be integrated into the nuclear genome (Gustavino et

al. 1994). Evidence was complementary to the main

nucleus, then the cell might lose a certain gene dosages

(Terradas et al. 2010) even resulting in cell death

(Fernandes et al. 2007). Another  reason for micronuclei

formation as reported by  Vazquez-Diez et al. (2016),

is attributed to the mis-attachment of kinetochore which

leads towards the laggard chromosome which produce

the micronuclei in future. The formation of micronuclei

along with other chromosomal anomalies has great

impact on pollen fertility. Darkly stained pollen grains

were judged as fertile whereas lightly stained pollens

were recorded as sterile pollen. Abnormal meiosis

compounded to cause sterility of pollens. Disintegration
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of the micronuclei from the parent nucleus occur via

formation of microcell which has also been reported in

some crops, such as sunnhemp and cluster bean

(Kumar and Dwivedi 2016; Kumar and Singh 2018)

and formation of micronuclei is considered to be a

result of defects in the cell repair machinery, nucleic

acid damages and anomalous chromosomal behaviour.

 The cytological illustration of ultrastructural data

induced by EMS indicate an increased condensation

amount of micronucleated chromatins which divulges

a connection between the size of micronuclei and the

proportion of euchromatin and heterochromatin. Large

micronuclei always contains a large quantity of

euchromatin, where as small micronuclei are almost

heterochromatin. These appealing observations of

variability in  ultrastructure of chromatins shows gradual

disintegration of micronuclei from a structure having

larger amount of  euchromatin  into a structure having

smaller amount of heterochromatin (Gernand et al.

2005).

Briefly summarizing the process of micronuclei

formation, it is important to emphasize the major cause

of micronuclei containing acentric chromatids or

chromosomes is the result of unpaired or misrepaired

DNA breaks, whereas micronuclei with whole

chromatid/chromosomes are formed due to

hypomethylation of satellite centromeric/

paracentromeric sequences, Kinetochore defects,

dysfunctional spindle and mutation in anaphase

checkpoint genes. These are the major responsible

factors for inducing micronuclei (Luzhna et al. 2013).

The detailed study provides valuable data on

offspring’s behaviour towards genotoxic agents in

relation to micronuclei formation. Due to easy detection

of micronuclei these can be used as an efficient

biomarker to study the chromosomal aberration

induced by mutagenic agents. Micronuclei studies are

the leading field in mutation research. Micronuclei

formation leads to genome elimination which is an

important tool in breeding programmes for producing

addition and substitution lines. The investigation of

micronuclei and microcells found in present study is

of great importance as it may open new vistas for

microcell hybrids acting as ingenious tool in partial

genome transfer and gene mapping (Ege and Ringertz

1974; Ege et al. 1977; Fournier 1982). It may also

lead to several physiological effects and useful in

interspecific breeding for improvised traits. The above

information would be highly supportive in planning an

effective tool as breeding program for developing new

traits with desirable characters for human welfare.
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