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ABSTRACT

One of the excellent plant models for identifying various chromosomal abnormalities is Allium cepa
L. In order to create genetic diversity, chemical mutagens such as; Ethyl methanesulfonate (EMS), Ethidium
bromide (EtBr) and Sodium azide (SA) were used to mutagenize the plant's germplasm. The present study was
carried out to determine how these chemicals affected the Mitotic Index (MI) and phase, chromosomal
abnormalities, and frequency of micronuclei in the root tip cells of A. cepa Mutagens, in general, alter the genetic
structure of the organisms, which is reflected in changes to a variety of features. Further, the genome's sensitivity
was discovered through cytological examination when the three mutagens were used. The chromosomal entity
was impacted by a variety of clastogenic and nonclastogenic alterations, as well as mitodepressive effects. The
increase in dose/concentration of all the mutagens was shown to increase the frequency of both mitotic aberrant
cells and mitotic chromosomal abnormalities in the treated root tip cells. Both chemical mutagens were shown to
be less effective than EtBr at disrupting mitotic cell activity and primarily causing clastogenic chromosomal
abnormalities. Numerous chromosomal aberrations, including stickiness and clumping of chromosomes with
varying frequencies, fragments, laggards, bridges, precocious movements, micronuclei formation at telophases,
and multipolar anaphases and telophases, were reported to be present in the mitotic aberrant cells. Anaphases,
telophases, disorganised metaphases, desynchronized metaphases, and persisting nucleoli during anaphase were
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all noted.
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INTRODUCTION

One of the most significant vegetable crops in the
world is A. cepa L (x=8) is the most common basic
chromosomal number. A. cepa L was chosen for this
investigation due to its low chromosome count, relatively big
size, and responsiveness to cytological treatments. The use of
induced mutations in crop genetic improvement is a
complementing strategy (Doroftei and Bercu (2013).
Numerous studies on the impacts of mutagenic chemicals on
living systems have been conducted because of their
detrimental influence on genes that may be passed down via
succeeding generations (Hilada et al., 2017). Further,
chemicals' capacity to impair the function of live cells is
known as cytotoxicity.

Mutations originate from the harm that cytotoxic
substances cause to the DNA's constituent parts. The A. cepa
assay has been extensively used to research the genotoxicity
of several mutagens, finding that these substances can induce
chromosomal abnormalities in root meristems of A. cepa. Itis
an effective test for chemical screening and in-situ monitoring
for genotoxicity of environmental pollutants (Jyotirmoy
Sharma et al., 2018). In addition, the most effective method to
change an organism's genetic makeup and produce the
desired traits is mutation breeding. In order to understand the
nature and function of the genes that serve as the building
blocks and the foundation for plant growth and development,
mutations are utilized as tools and as a source of data (Adamu
and Aliyu 2007). If the mutation isn't auto-corrected and
transferred down the germ line, it really causes a gene to lose
or gain function, which can be passed down to the next
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generation. In the first and succeeding generations, these
induced mutations changed the genetic architecture of plants,
which is reflected at the physiological, morphological, and
biochemical levels (Aney and Choudhary 2019). In order to
introduce numerous desirable characteristics of agronomic
value in a variety of plants, mostly crop plants, mutation
breeding has proven to be a useful method (Ali M et al.,
2023). Moreover, the most accurate method for assessing the
impact and potency of different mutagens is cytological study
with regard to the behavior of the chromosomes during
mitosis and meiosis. It also offers a hint for determining the
sensitivity of different plant genotypes to specific mutagens
such as mutagenic chemicals. It is also widely known that
many chemical mutagens, such as SA and EMS, have the
ability to alter the structural integrity of chromosomes in
many plants.

Chemical mutagens typically cause point or gene
mutations that result in base pair substitutions and alter protein
activities without completely eliminating them. Variations at
the morphological and physiological levels may come from
the mutagenesis effects (Ali M et al., 2023) that happened at
the chromosomal level and changed the genetic architecture
of the plant (Aney and Choudhary 2019).

For morphological, physiological, and other yield-
attributing features, it aid in the identification and isolation of
the desired mutants. Therefore, one of the most reliable
criteria for determining the impact of mutagens is the
cytological study with reference to chromosomal
abnormalities, either in mitosis or meiosis. In contrast, plant
cells metabolize the promutagen SA to create a mutagenic
agent that is likely Azido Alanine. Thus, an organic molecule
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that enters the nucleus, mingles with DNA, and causes point
mutations in the genome facilitates SA mutagenicity. The
hydrogen ion content of the treatment solution is the key to
the high carcinogenic efficacy of SA, which is an inhibitor of
the catalase and peroxidase enzymes, in barley (Nilan et al.
1972). Additionally, it has been shown to result in mutations
in Pisum (Sander and Muehlbauer 1977). One of the nucleic
acid intercalators, EtBr, binds preferentially to double-
stranded DNA (dsDNA). Since intercalators prevent the
DNA they bind from being replicated and transcribed, they
have been employed as anticancer medications (Hurley,
2002). Because they glow when they attach to DNA, they
have also been employed as DNA staining dyes (Stuart and
Cole, 2000). For the identification of a particular sequence or
the site-specific inhibition of transcription or replication,
sequence-specific  intercalators have been created
(Choudhury and Bierbach, 2005).

Importantly, the Intercalation is the word for the
binding mode where EtBr attaches to dsDNA between
neighboring base pairs. The angle between base pairs that
flank an EtBr molecule reduces by 268 and their distance
grows by 0.34 nm. Then, dsDNA is lengthened and unwound
by EtBr intercalation. These structural details were acquired
from the mobility of the EtBr/dsDNA complex in solution
(Wang, 1974) or its crystal structure (Tsai et al., 1975).

During EtBr intercalation, Coury et al. 1996 examined
the contour length change of a single dSDNA (Coury et al.,
1996). According to Wang (1974) and Waring (1965), the
bulk EtBr/dsDNA complex's absorbance, fluorescence, or
buoyant densities were used to determine the isotherm of
intercalation. EtBr intercalation then causes dsDNA to
lengthen and unravel. The mobility in solution (Wang, 1974)
or crystal structure (Tsai et al., 1975) of the EtBr/dsDNA
complex were used to extract this structural information. In
order to determine how a single dsDNA's contour length
changed during EtBr intercalation, Coury et al.

According to Wang (1974) and Waring (1965), the
bulk density of the EtBr/dsDNA complex was used to
determine the isotherm of intercalation. Therefore, the present
study was carried out to assessment the cytotoxic effects of
three chemical mutagens SA, EtBr and EMS on A. cepa
Karyotyping for Chromosomal Abnormalities.

MATERIALS AND METHODS

The Institutional Review Board of the Benha
University, Faculty of Agriculture’'s Genetics and Genetic
Engineering department gave its approval to the idea. The A.
cepa bulbs used in this investigation were acquired from a

neighbourhood shop in Benha, Egypt. It was utilized 100
medium-sized (4 to 5 cm) A. cepa bulbs.

A. cepa L's healthy root tips are treated with saturated
aqueous solutions of SA at concentrations of 0.1, 0.2, and
0.4%, EtBr at concentrations of 0.25, 0.50, and 0.75 g/ml, and
EMS at concentrations of 0.1, 0.2%, and 0.4% for six hours.
The chemical mutagens were diluted with deionized water to
create the concentrations. Each Allium bulb was cultivated in
a glass bottle that was transparent and held roughly 50 cc of
the chemical solution. Five Allium bulbs were used for each
concentration, however the Allium bulb with the worst root
development was eliminated at harvest time in accordance
with procedure (Fiskesjo G., 1985; Odeigah et al., 1997). 1 to
1.5 cm long root tips were removed, fixed in newly made
Carnoy's fluid (3:1 absolute alcohol to glacial acetic acid) for
24 hours, and then stored in 70% ethanol. The squashes of the
root tips were cleaned carefully with distilled water before
being hydrolyzed in 1N HCI for 15 minutes at 60 C to prepare
them for mitotic investigations. The root tips with hydrolysis
were washed twice in distilled water. The root tips were then
stained for five minutes in 1% Acetocarmine and then pressed
into a drop of the stain.

Using various grades of butanol acetic acid, the data
on mitotic index and mitotic chromosomal aberrations were
documented, photographed, and preserved (Darlington and
La Cour 1976).

According to the formulas below, mitotic index (MI)
and percentage abnormality were determined (Jabee et al.
2008).

(Total number of cells dividing/Total number of cells scored) X
100 is the formula for the mitotic index (MI).
% Abnormality = (Total number of aberrant cells in the root
tips of treated seeds/ Total number of cells in division) X 100.

RESULTS AND DISCUSSION

Results
Effect of the chemical mutagens on mitotic division

The effectiveness of the mutagens utilized in the
current study on the mitotic cell divisions in various plants has
been demonstrated. With an increase in the dose or
concentration of the chemical mutagen, fewer dividing cells
are reported to occur (Tables 1-3). The mitotic chromosomal
aberrations caused by the chemical mutagens in the root tip
cells of the bulbs indicated considerable impacts, as shown by
the values of Ml in terms of number of dividing cells (Table
1) (Figures 1, 2, and 3). The mitotic process was not
significantly affected by the lower doses, but was negatively
impacted by the larger doses, where it was nearly cut in half
as compared to the control (Table 1).

Table 1. Chromosomal aberrations and Micronucleus detection in A. cepa root tip cells exposed to three different

concentrations of EMS.
Treatmen

Typeof egvl g ts
abnormality Control 01% 02% 04%
Total number of cells 1174 304 318 285 267
Number of dividing cells 443 178 130 84 81
Percentage of dividing cells 58.55 40.88 29.47 30.33
Abnormalities % 3.37 25.38 60.71 96.29
Anaphase bridges 1(16.67) 6(18.18) 13(25.49) 16 (20.51)
Clumping and stickness 1(16.67) 4(12.12) 7 (13.72) 9 (11.53)
Micronucleus 0 0 0 3 (384)
Binucleated cells 12(4.06) 14 (27.45) 19 (24.35)
Multipolarity 1(16.67) 2 (6.06) 2 (392) 7 (8.97)
Fragment chromosome 1(16.67) 4(12.12) 6 (11.76) 9 (11.53)
Ring chromosome 0 0 1 (1.96) 2 (256)
Unequal poles 2(33.33) 7(21.21) 8 (15.68) 13 (16.67)
Total abnormality 6 33 51 78
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Table 2. Chromosomal aberrations and Micronucleus detection in A. cepa root tip cells exposed to three different

concentrations of EtBr.
Treatments

Type of EtBrin

. pg/mi
abnormality Control 025 % 050 % .00 %
Total number of cells 1212 376 289 280 267
Number of dividing cells 548 183 158 106 101
Percentage of dividing cells 48.67 54,67 37.85 37.82
Abnormalities % 273 25.94 63.20 92.07
Anaphase bridges 1 (20 %) 3(7.31%) 3 (4.47%) 8 (8.60)
Clumping and stickness 0 6(14.63%) 23(34.32) 32(34.41)
Micronucleus 0 0 0 0
Binucleated cells 3 (60 %) 19(46.34%) 22(32.83) 28(30.11)
Multipolarity 0 8 (19.51%) 11(16.41) 13(13.97)
Fragment chromosome 1 (20 %) 2(4.88 %) 3 (4.47%) 3 (3.22)
Ring chromosome 0 0 0 0
Unequal poles 3(7.31%) 5 (7.46%) 9 (9.68)
Total abnormality 41 67 93

Table 3. Chromosomal aberrations and Micronucleus detection in A. cepa root tip cells exposed to different

concentration of SA.

Type of Treastments

abnormality Control 01% 02% 04%
Total number of cells 1114 323 289 262 240
Number of dividing cells 605 163 160 147 135
Percentage of dividing cells 50.46 % 55.36 % 56.10 % 56.25 %
Abnormalities % 3.68% 41.87% 51.70% 54.81%
Anaphase bridges 2(33.33) 23(34.32) 21 (27.63) 13 (17.56)
Clumping and stickness 1 (1.49) 3 (3.94) 4 (5.40)
Micronucleus 0 0 3 (4.05)
Binucleated cells 2(33.33) 32(47.76) 34 (44.73) 10 (13.51)
Multipolarity 0 4 (5.97) 6 (7.89) 13 (17.56)
Fragment chromosome 1(16.67) 4 (5.97) 6 (7.89) 18 (24.32)
Ring chromosome 0 1 (1.49) 2 (2.63) 4 (5.40)
Unequal poles 1(16.67) 2 (2.98) 4 (5.26) 9 (12.16)
Total abnormality 6 67 76 74

In all treatment modalities, the three chemical mutagens
demonstrated a mitodepressive impact that was concentration
dependent, but the mitotic process was significantly more
adversely affected by greater concentrations of the chemical
mutagens than by lower concentrations (Tables 1, 2, and 3).
Chromosomal and mitotic aberrant cell frequency rose linearly
with increasing doses or concentrations of all three mutagens
(Tables 1-3) and (Figures 1-3).

All three of the mutagens utilized in this study were
found to be cytotoxic and capable of causing a variety of
chromosomal abnormalities, both clastogenic (structural) and
non-clastogenic (physiological), at varied frequencies. In
addition to Chromosome fragments, laggards, single and
multiple bridges in metaphases, anaphases, and telophases
were the clastogenic abnormalities noted.

Effect of mutagens inducing chromosomal aberrations

Chromosome stickiness and clumping,
desynchronized metaphase, disoriented chromosomes at
metaphase, anaphase, telophase, etc. were the most prevalent
nonclastogenic abnormalities seen. By using specific
mutagen doses or concentrations, it was also possible to cause
multipolar anaphase, telophase, and the development of
micronuclei.

Therefore, all three mutagens were observed to
enhance the frequency of chromosomal abnormalities in a
colinear manner (Tables 1-3, Figures 1, 2 and 3) compared to
the root tip cells of the control bulbs which had no
chromosomal abnormalities, but when bulbs were exposed to
chemical mutagens, these effects were detrimental to the
structural integrity of mitotic chromosomes, and it was
discovered that the rate of exposure to chemical mutagens

increased the frequency of chromosomal aberrations (Figure
2 and Table 2). With an increase in the concentration of
chemical mutagens, a similar trend of an increase in the
frequency of chromosomal abnormalities was also observed
(Figures 3a and 3b) and (Tables 2 and 3). Comparatively, it
was discovered that all SA treatment modalities were more
successful at inducing chromosomal abnormalities than
various EMS and EtBr treatment modalities (Figures la- 1b
and figure 2).

Moreover, chromosome aberrations were more
frequently caused by the chemical mutagens, which had
negative effects (Tables 2, 3, Figures 1 and 2). Numerous
clastogenic chromosomal changes, including the formation of
bridges (single, double, and multiple), fragments, laggards,
and micronuclei (Figures 1 and 2), as well as hon-clastogenic
chromosome stickiness and clumping at metaphase,
anaphase, and telophase (Figure 2), were observed in
response to increasing doses of all the mutagens.

The stickiness of chromosomes at metaphase and
anaphase, where one or more chromosomes were adhered to
the remainder of the chromosome complement, was the most
noticeable non-clastogenic chromosomal aberration caused
by all mutagens (Figure 2). The frequency of chromosomal
stickiness was found to be colinearly increased with the
dose/concentration of all the mutagens.

At metaphase, anaphase, and telophase, the genome's
chromosomes can cluster together to create a clump (Figures
2 and 3). All of the doses/concentrations of the mutagens
utilized, with the exception of the lower (0.0075%)
concentration of SA, caused the complete chromosomal
complement to cluster.
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Figure - 1a. Various chromosomal abnormalities observed upon exposure the A. Cepa to SA a, b, ¢- Lagging
chromosomes; d — Two fragments; e- Chromosome bridge formation; f - Multipolarity; g- Ring
chromosome; h- Bridge with laggard,; i- Ring chromosome and fragment ; j- Multipolarity anaphase; k —

One lagging fragment; I- Disturbed polarity.
m : In
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Two fragments
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Figure — 1b. Various chromosomal abnormalities observed upon exposure the A. Cepa to SA m - Two fragments; n-
C- metaphase; o- Fragment; p- Bridge with laggard; g- Multipolarity ; r- Bridge; s- Unequal anaphase
with bridge; t- Multipolarity; u- fragments with bridge.
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Figure - 2. Various chromosomaTabnormaIities observed upon exposure the A. Cepzz: to EtBr a- Stickiness in
metaphase; b and h Stickiness; d- Disturbed polarity; e - Laggard; f- Delayed membrane formation; g-
Bridge; h- Stickiness; i- Micronuclei; j- k-1- Stickiness with bridge.
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Figure — 3a. Various chromosomal abnormalities observed upon exposure the A. Cepa to EMS a- Normal metaphase
with polar view; b - Normal metaphase with side view; ¢ and d - Four lagging chromosome; e -
Metaphase at one pole; f- C- metaphase with fragment; g- Normal anaphase; h- Stickiness.
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Figure — 3b. Various chromosomal abnormalities observed upon exposure the A. Cepa to EMS i- Mitotic pairing; j- C-
metaphase; k and | - Unequal separation ; m - Chromosome bridge; n- polyploidy ; o- Disturbed polarity;

p- Normal metaphase.

Chromosome clumping was also seen to increase in
frequency with an increase in dose or concentration of all
mutagens during metaphase, anaphase, and telophase (Tables
1 and 3). The mutagens utilized in this study also caused the
multinuclei to develop, which caused tripolar and multipolar
anaphase and telophase to arise. It was observed to be induced
by all the doses/ concentrations of the chemical mutagens, in
all treatment modes, save lower dosages of 0.50%
concentration of EMS. Cells with multinuclei production at
telophase were observed to be more with the treatment of SA
than that of EMS (Tables 1-3). Other types of chromosomal
abnormalities, such as disturbed metaphase caused by
chromosome nonsynchronization (Figure 2), disoriented or
curved metaphase (Figure 2), disoriented anaphase and
telophase (Figures 2), etc., were also induced by a specific
dose or concentration of the mutagens used in the current
investigation. The nucleolar irregularity caused by the 0.01%
SA concentration was observed as a persistent nucleolus
during anaphase (Figure 3).

Discussion

The cytological study of the data on the development
of abnormal mitotic cells and the prevalence of chromosomal
aberrations shows that all mutagens have cytotoxic effects. As,
the deleterious effects of mutagens on root tip cells in the plant
under study were demonstrated by the dose/concentration
dependent increase in mitotic aberrant cells and the
chromosomal abnormalities. Further, all mutagens were
discovered to have a significant negative impact on the
mitotic process and the chromosomal entity. As a result, the
increased frequency of mitotic aberrant cells and different
chromosomal abnormalities is a sign that all of the mutagens
are having a deleterious effect on the plant genome.

Because of the genetic harm was caused by using the
mutagens, which causes disruptions in the mitotic and meiotic
cells, is crucial because it can be passed from one generation
to the next generation (Kumar and Rai 2007).

According to Sarada Mani and Seetharami Reddi
(1986), the use of mutagens causes the cell to produce
"endogenous poisons™ as a result of the breakdown of micro-
and  macromolecules, particularly  enzymes  and
nucleoproteins in the cytoplasm. Additionally, these mitotic
toxins have the potential to produce "metabolic imbalance,"
which can affect the synthesis, status, and structure of nucleic
acids as well as have physiological impacts and alter the
structural makeup of chromosomes during cell division. All
three chemical mutagens used in the current study had
negative effects on mitotic chromosomes, which enhanced
the abnormalities of mitotic cells at anaphase, metaphase, and
telophase.

Additionally, different clastogenic and non-
clastogenic types of chromosomal abnormalities were mainly
observed as the detrimental consequence of varied
doses/concentrations of all the used mutagens which were
reported as chromosomal fragments, laggards, single and
multiple bridges, precocious movement, stickiness and
clumping of chromosomes as well as persistent nucleolus
(Kumar and Dubey (1997).

According to Ricardo and Ando (1998) and Yuan and
Zhang (1993), the reactive oxygen-derived radicals produced
by chemical mutagens have clastogenic effects on
chromosomes. The majority of induced mutations caused by
SA result in base pair substitution, particularly GCAT, which
changes the amino acids, altering the activities of the proteins.
According to the results, which were shown as linear
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correlations between the dose rate and the frequency of
mitotic aberrant cells, concur with earlier discoveries made by
a number of researchers. The occurrence of numerous mitotic
chromosomal abnormalities in diverse plants has been
observed by Datta and Banerjee (1998), Kumar and Dubey
(1997), More and Kothekar (1992), and Verma et al. (2012).
Moreover, translocations, lagging chromosomes, bridges,
stickiness, and clumping of chromosomes are the most
common abnormalities brought on by SA. Additionally, EMS
has been shown to cause a variety of chromosomal
abnormalities in many plants. According to Akhtar et al.
(2012), EMS is more successful than SA at causing
chromosomal abnormalities in Linum usitatissimum. In the
current study, it was discovered that when the mutagens' dose
or concentration grew, a greater variety of mitotic
chromosomal abnormalities were caused. In general, it has
been found that the more mutagen that is present, the more
biological harm that result. According to Kumar and Tripathi
(2003), an indicator of the potency and effectiveness of a
mutagen is the frequency of abnormal cells. Chromosome
breaks were brought about by the mutagens used in the
current investigation, and these broken chromosomes
persisted as acentric fragments seen in aberrant mitotic
anaphase, metaphase, and telophase. Further, lagging
chromosomes and the production of micronuclei were also
more clearly seen in aberrant telophase and anaphase,
respectively. The occurrence of lagging chromosomes may
be due to the failure to carry the chromosome to the
appropriate pole (Tarar and Dnyansagar 1980) and irregular
distribution of some of the acentric fragments produced by
mutagens those results in the formation of micronuclei.
Moreover, the appearance of fragments may be
caused by the failure to reunite with the chromosomes (Kaur
and Grover 1985). According to Bhat et al. (2007),
chromosomal breakage brought by chemical mutagens on
binding to GC-rich regions and making the DNA unstable is
what leads to the production of fragments and laggards.
Because of the more lagging chromosomes are a result of
spindle formation deformity, which also affects chromosomal
segregation and the inability of chromosomes to travel
towards their respective poles during mitosis. As more
lagging chromosomes are seen as a result of improper in
foldings of the chromosomes into single chromatid and
chromosome, chromatin fibers intertwine and chromosomes
become attached to one another by way of sub chromatid
bridges, Klasterkii et al. (1976) explained the increased
incidence of lagging chromosomes due to the treatment of
mutagen. A mutagenesis effect that may lead to the loss of
genetic material is the cause of the micronuclei that formed in
the current investigation (Aurebach 1976). The lagging
chromosomes also contribute to the formation of the
micronuclei, in addition to the acentric pieces. The
heterochromatic ~ micronuclei, created by acentric
chromosomal fragments, and the euchromatic micronuclei,
formed by one or more lagging chromosomes, were the two
forms of micronuclei that Soren et al. (1981) observed. There
have been several theories as to why micronuclei originate
and appear at telophases. According to Degrassi and Rizzoni
(1982), it may be the result of clastogenic activities in the
affected cell, or it may be the outcome of a single
chromosome or group of chromosomes establishing a distinct
nucleus (Bhat et al. 2007). Levan (1951) claimed that if the
amount of chromatin material involved is big enough, the
resulting acentric chromosomes, which are seen as lagging

chromosomes or fragments during anaphase, may take the
form of micronuclei at telophase. Chromosome sticking and
clumping were clearly seen in the treated root tip cells in the
current investigation at different phases of mitosis. Stickiness
owing to a mutation brought on by the sticky (st) recessive
gene is referred to as the hereditary stickiness, but stickiness
brought on by a mutagen is referred to as induced stickiness.
According to McGill et al. (1974), the stickiness may result
from chromosomes being improperly clustered at any stage
of the cell cycle. Achkar et al. (1989) proposed that breaks
in the double strands of DNA and the beginning of the
development of intra-chromatid connections during
chromosome condensation, which is regulated by histone
protein, are the causes of sticky chromosome formation.
However, Patil and Bhat (1992) viewed it as a sort of physical
adhesion involving mostly the proteinaceous matrix of the
chromatin, whereas Klasterkii et al. (1976) attributed it to the
tangling of inter-chromosomal chromatin fibers that results in
sub chromatid linkage between chromosomes. The genomic
complement of one or more chromosomes may become
sticky as a result of nucleic acid depolymerization, which
prevents DNA synthesis. The partial separation of
nucleoproteins and change in their organizational layout are
what cause chromosomes to be sticky. While Gaulden (1987)
proposed that chemically induced stickiness was caused by
the action of mutagens on the failure or improper functioning
of one or two types of non-histone proteins leading to
improper folding of DNA, Jayabalan and Rao (1987)
proposed that stickiness might be caused by disturbances in
balanced reactions. The depolymerization of DNA, which
ultimately leads in increased fluidity on the surface of
chromosomes and adhesion of two or more chromosomes to
one another, is what causes chromosomes to be sticky.

Importantly, the clumping of chromosomes observed
in the current study may be caused by the complement's entire
chromosomes' stickiness. Clumps can occur when metaphase
chromosomes swell and thicken, eventually sticking together
and forming a clump. Chromosome stickiness and clumping
may occur more frequently than expected in the current study
as a result of cytochemical disturbances that delay
chromosome separation (Sinha and Godward 1972a, b).
Chromosomes can reunite and cause separation at anaphase
(Badr 1988; Grant 1978). The formation of bridges during
anaphase may result from the daughter chromatids'
nondisjunction. The fusion of two centromere-bearing
chromosomal ~ fragments, which produces dicentric
chromosomes, may be the most likely cause of bridge
formation in the current investigation.

Additionally, bridge construction ensued from the
chromosomes' effective splitting into two chromatids that
attempted to travel to the opposite poles. The same results were
noted by Kumar and Dubey (1997). Instead of the chromatids,
it is assumed that the broken ends of the chromosomes fuse to
generate the paired bridges. It is possible that the presence of
abnormal metaphase and anaphase, along with the premature
movement of one or two chromosomes towards either pole, is
caused by spindle dysfunction (Khan et al. 2005), contraction
of some spindle fibers during early anaphase, or some
combination of these factors (Kumar and Dubey 1997). Prasad
(1972) claimed that changes to the gene in charge of the
spindle mechanism can disrupt the biochemical chain, which
in turn can cause problems with the spindle system and its
coordinated process (More and Kothekar 1992). The
chromosomal region known as the kinetochore is crucial for
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the attachment of the centromeric spindle microtubule.
Molecular based studies by various workers (Binarova et al.
2006, Pfarr etal. 1990, Steuer et al. 1990, Walczak et al. 1996,
Wordeman and Mitchison 1995, Yao et al. 1997, Yen et al.
1992) have confirmed the role of certain proteins involved in
the attachment of spindle fibers with the kinetochore and
concluded that the mutations in the genes encoding these
proteins led to the disturbed spindle mechanism. The
chromosome congression during mitosis is also dependent on
the proteins identified as the centromere associated kinesin
related microtubule protein E (CENP-E) (Yao et al. 1997).
Masoud et al. (2013) contend that mitotic polarity is defined
by the microtubule (MT) arrays and that spindle polarity is
crucial for plant morphogenesis. The activity of c-tubulin
containing complexes is required for the rearrangement of
MTs, and the c-tubulin gene was discovered to be lethal
(Pastuglia et al. 2003), demonstrating that this protein is
absolutely required for microtubule assembly in vivo. When
Janski et al. (2012) noticed that the pro-spindle and MTs
branching out from the spindle pole to the cortex had altered
spindle polarity, they reached the conclusion that down-
requlated GIPs were crucial in sustaining these connections.
However, nine genes from the MAPE5 family of Arabidopsis
and from MAP65-1c of Nicotiana tabacum had decreased
activity, according to Hussey et al. (2002) and Meng et al.
(2010), which explained the deformities in microtubule
production. Cycle independent kinases and mitogen-activated
protein kinases regulate the activity of these genes by
phosphorylating them, which reduces their capacity to bundle
MTs. Arabidopsis' defective spindle formation was discovered
by Kawamura et al. (2006) to be caused by the temperature-
sensitive mutant allele. While Yasuhara and Oe (2011)
observed that the RNAI depletion of its tobacco counterpart
tobacco MT binding protein 200, known as TMBP200, caused
severe abnormalities in bipolar spindle formation that led to the
emergence of multinucleated cells with varying sized nuclei.
The altered polarity was seen in the current study may be
caused by the mutagens' production of mutation, which may
have damaged the genes and either caused the
depolymerization of microfilaments or disrupted the process
regulating spindle formation. According to recent research (Ho
etal. 2011, Hotta et al., 2012), spindle microtubule orientation
and amplification are regulated by the formin and augmin
protein complexes. In Nicotiana benthamiana, Lee et al.
(2009) located the Rael protein dispersed on spindle
microtubules and verified its MT-binding capabilities. They
also noted that the RNAi-mediated suppression of NbRael
resulted in a disorganized, unfocused, and disorganized
spindle. Furthermore, four Ran genes in the Arabidopsis
genome (Vernoud et al. 2003) control the spindle mechanism,
and Paya et al. (2002) verified that AtRanGAPs target the
spindle, while Chen et al. (2011) detected the abnormal
organization of the spindle during mitosis in OsRNA2
knockdown rice lines. The targets of SA are always the
metabolic processes. In addition to inhibiting cell division, it
also has an impact on the polarity of spindle fibers. Further, in
E. coli, the SecA gene was displayed resistance to the
mutations brought on by SA was found by Fortinetal. in 1990.

It is well known that the chemical mutagens,
particularly SA, impair ATP production. ATP is required for
the organization and mobility of spindle fibers during cell
division. The organization of the spindle fibers of SA-treated
cells may have been impacted on how the chromosomes were
arranged at the metaphase plate and how they moved during

anaphase. Either by the mutagens that may have mutated the
genes, causing the depolymerization of microfilaments, or by
the mutagens that may have regulated the mechanism of
spindle formation.

As a result, all chemical mutagens showed lethal
effects when it were used at higher quantities. The results on
mitotic activities showed that the mutagenic efficacy
increased with the increase in dose/concentration of
mutagens, and the clastogenic effect of mutagens on the
genome of the study plant was clearly observed in the form of
induction of numerous chromosomal abnormalities.

Importantly, it is possible to take use of the genetic
variety caused by these mutagens at the genomic level, which
caused variations in plant shape, chlorophyll content, sterility,
and yield, to improve the agronomic characteristics of the
plant. Increased cell membrane permeability (Walles 1967)
and physiological seed activation (Roychowdhary and Tah
2013) may be caused by the rise in the frequency of aberrant
cells and chromosomal abnormality in both presoaking
treatment modes of chemical mutagens.
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