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ABSTRACT

KEYWORDS

To prevent the chromosomal abnormalities and DNA damage in plants
induced by environmental chemicals and pollutants, it is necessary to
understand the outcome of these aberrations and DNA damages that
direct to alter the genetic constituents or structures. Higher plants are
usual and outstanding tools to detect the genotoxic effect of mutagens
and also tremendous indicators of cytogenetic and mutagenic effects of
environmental pollution. Due to conserve structure of genetic material,
several plants were used as a test material for bioassay. Due to ease and
accuracy of detecting and quantifying plant bioassay previously several
workers showed that the detection of genotoxicity is simple and does not
require costly laboratory outfit. Several advance techniques were used in
recent works in place of chromosomal aberration like Micronucleus test,
Sister Chromatid Exchange, Comet assay, FISH test, TUNEL test and
recently transgenic plants are using as a biomonitoring tool for environmental pollutants and chemicals. The present review article describes the
use of different methods of plant bioaasays for the detection of genotoxins.
 2007 Trade Science Inc. - INDIA

INTRODUCTION
Several chemicals pollutants and toxicants are
released in environment and exist for long duration
in air, water and soil by the activity of industries

Plant bioassay;
FISH Test;
Comet assay;
TUNEL Test.

agriculture and domestic. Several pollutants were reported time to time in air and water which causes
the genotoxicity in plants animals as well as human
beings. Different industries like dye industry paint
industry, metal industry and pesticides industry play
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a major role in release of genotoxic chemicals
(Genotoxins) in environment. Human beings have
been polluting the environment continuously. However in last decades the severity of pollution drastically increased. The increase in concentration of
pollutants affects the ecosystem and health of living
organisms including human beings[22]. To assess the
effect of these pollutants there is a need of precise
methods / protocols. Different methods were given
time to time by different scientist and workers for assessment of genotoxicity in plants and animals[1,3,13,17].
The plant bioassay used for the assessment of
the genotoxicity caused by the pesticides[2] effluents
and waste of several industries[22] solid waste[7] waste
water[31], mutagens[9] gaseous emission[39] radiations[11,15]
and even for assay the potentiality of genotoxicity of
drinking water[32]. Genotoxicity is one of the most
feared and alarming effects of pollutants for further
generation[6]. The utility of plant bioassay to evaluate the genotoxicity of hazardous substances and
chemicals is well accepted by different workers[13,17,50].
Allium, Vicia, Hordeum, Solanum and other legumes
were used as a plant test material for the bioassay.
Low number and large sized chromosome made these
plants species ideal for chromosomes studies. The
detection of chromosomal aberration is the basic
parameter to analyze the genotoxicity but presently
some advanced techniques were introduced for the
assessment of genotoxicity like Ames test[32], Comet
assay[16] TUNEL test, FISH test[48]. Very recently use
of transgenic plant introduced to monitor the
genotoxicity. In the present study we describe the
use of some plant bioassay for the assessment of
their genotoxicity caused by the pesticides or pollutants of water, soil and air effluents / sludge of industries and municipal.
Suitable plant material to monitor the genotoxicity
Since[33] introduced the first Allium test, root tip
system of various plants like Allium cepa[4] and Allium sativum[54] Vicia faba[26] barley[5] and Tradescantia[34].
The selection of suitable plant material is very important for the assessment of genotoxicity of chemicals present in air water and soil. The genomic size
and chromosome number of plant material is very
effective in assessment of genotoxicity. Due to the
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highly conserved structure of the genetic material it
is possible to use a broad variety of species in
genotoxicity tests. At present for routine testing bacterial indicators, yeasts, fungi, insects mammalian
cells as well as laboratory animals[8]. The plant bioassay plays a very important role for the prediction
of health hazards to humans[17,18,40,45,49]. The root meristem cells of plants are sensitive bio indicator of
cytogenetic events, as they provide actively proliferating cells and most plant bioassay are well accepted
for measuring the genotoxicity of various environmental pollutants.
Chromosomal aberration (CA) and anaphase
telophase aberration test
In plants, mainly meristematic root tip cells are
used for CA experiments[17,19]. Chromosomal aberrations have been considered as reliable indicators. The
analysis of anaphase cells provides additional information on the origin of CAs - breaks; laggards and
bridges can be identified at this stage of the cell
cycle[49]. The evaluation of CAs is quite time consuming and is facilitated by the use of indicator species that have a small number of large chromosomes.
Species, which fulfill these criteria, include Tradescantia, Crepis capillaris, Vicia faba[24] and Allium cepa[20].
studied the chromosomal aberrations in Pisum caused
by different chemicals. The types and frequencies of
chromosomal aberrations were the parameter for the
assessment of genotoxicity of a particular chemical.
There are several factors affecting the induction of
chromosomal aberrations in root meristem cells[25]
but the frequency of chromosomal abnormalities in
root meristem are mainly depending on the chemical
structure and toxicity of chemicals and the duration
of treatment.
Micronucleus test
Micronuclei (MN) are formed as a consequence
of chromosome breakage (clastogenicity) and disturbance of the spindle apparatus (aneuploidy).The
standard procedures of the bioassay were well described in Tradescantia[37,51]. The formation of MN
requires cell division and MN are not formed when
cell proliferation is delayed. It is important to design
test schedules that take account of the cell division
time. In the Tradescantia Micro nucleus test, a specific
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stage (early tetrads) is scored and the exposure and
recovery time required for the division of the pollen
mother cells is included in the experimental design[35,36]. The root tip micronucleus assay replaced
earlier chromosomal aberration experiments with
plant root cells of Allium and Vicia[38]. The scoring
of micronucleus in synchronized cell population
which is located in the vicinity of the meristmatic
section of the root tip is more efficient than the chromosomal aberration assay. The micronucleus assay
with the root tips of Allium cepa and Vicia faba were
developed by[12]. The major advantage of this test
procedure is that it does not require costly laboratory outfit.

the comet assay is interesting. The comet assay as
first described by[46] and further developed by[47,52] is
a sensitive method used for analysis of DNA damage in individual cells. Any nucleated cells can be
used for comet assay. It has also relatively low cost.

Sister chromatid exchange test

AMES Test (Salmone lla assay)

Somatic recombination and sister chromatid exchanges (SCE) can result in chromatid alteration that
can affect the expression of genes by the loss of
heterozygocity. It has been postulated that specific
non-mutagenic carcinogens act via recombinogenic
mechanisms. For plants, protocols have been developed for experiments with root cells of Vicia faba[9,27]
and Crepis capillaries. It is the highly sensitive well
known method of assessment to detect the cytological damage. It involves symmetrical exchange at one
locus between sister chromatids that does not alter
chromosome length and genetic information
The frequency of SCEs per chromosome increases after treatment with genotoxic agents. The
plants used for this test should have a low chromosome number and large in size[9].

In vitro used very widely as a screening test for
evaluation of chemicals[42]. Mostly it is used for monitoring of water system. This test shows high sensitivity and specificity which is the demerit of this system.

Single cell gel electrophoresis (SCGE) or Comet
assay
The only routine genomic DNA damage test currently carried out with plants is the single cell gel
electrophoresis (SCGE or comet) assay. A plant based
molecular assay can be applied to detect induce DNA
damage[53,43]. It was established for animal cells then
it was adapted to plant cells[29]. Along with detection
of DNA breaks it also measured the level of DNA
migration through an agarose gel in electric field. The
comet assay can be used to every plant species[16].
Computerised image analysis system measures the
amount of DNA in the head and in the tail and the
length of the tail[14]. The DNA damage detected by
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TUNEL test
TUNEL (TdT mediated dUTP nick end labeling) test is also used to identify the genotoxicity in
plants[21] to detect the DNA breaks at a single nucleus,
TUNEL test could be used. It takes short time of
duration and is easy method for assessment. It is recommended for preliminary evaluation of genotoxicity
of genotoxins[23].

FISH test
Fluorescence in situ hybridization is a very useful tool for analysis of chromosome aberration[48].
The traditional and basic method of chromosome
staining is not able to detect small changes in morphology or structure of chromosome whereas FISH
gives new way to identify the aberrations in
genotoxicity[41]. It provides the detection of chromosomal abnormalities in both mitotic as well as interphase nuclei[11,28,44]. It also helps to understand the
mechanism of the formation of chromosomal aberrations until now DNA probes for particular plant
chromosome are limited; there are few examples
where FISH test employed for analysis of chromosome aberrations.
A new approach to monitor the genotoxicity is
use of transgenic plants as an indicator[30]. To date,
mainly transgenic Arabidopsis and Tobacco plants
have been used for the biomonitoring of environmental factors.
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