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MATERIALS AND METHODS

3.1 Materials
3.1.1 Varieties used

Two commercial varieties of chickpea (Cicer arietinum L.) namely
GNG-469 and BG-372 were used in the present study. Both the
varieties are well adapted to agro-climatic conditions of Uttar Pradesh
and are generally cultivated in Aligarh district and in the area where
studies have been conducted. A brief description of the two varieties is
given below.
3.1.1.1 Variety GNG-469

Semi-erect, leaves compound, ovate, dark green with pink
flowers. Pods oval, séeds bold, smooth, brown in colour. The variety is
Ascochyta blight tolerant and has shown desired improvement in
stability of chickpea yield in Punjab, Haryana and parts of Rajasthan
and Western Uttar Pradesh.
3.1.1.2 Variety BG-372
Semi spreading leaves compound, ovate, green with pink

flowers, pods medium, seeds small, wrinkled, light brown in colour. The
variety is early maturing and thermo-insensitive and has made it
possible to grow chickpea as a successful crop after harvest of the rice
in Indo-gangetic plains.

The certified seeds of the two varieties of chickpea were obtained
from Govt. Seed Store, Aligarh (U.P.).
3.1.2 Mutagens used

The following two chemicals mutagens with varying

concentrations were used in the present investigation.



3.1.2.1 Ethylmethane sulphonate (EMS, CH,0SO,C,H;)

EMS (Sigma Ltd.) a monofunctional alkylating agent was used in
different concentrations for treatment of presoaked healthy and bold
seeds of both the varieties of chickpea.
3.1.2.2 Methylmethane sulphonate (MMS, CH;0S0O,CH,)

MMS (Sigma Ltd.) of varying concentrations was also used for
treatment of presoaked healthy seeds of both the varieties of chickpea.

The alkylating agents such as methylmethane sulphonate and
ethylmethane sulphonate (MMS and EMS) have several effects on
DNA. One major mechanism of mutagenesis by alkylating agents
involves the transfer .of methyl or ethyl group to the base, altering their
base pairing potential, causing transition. Some base alkylation
prbducts activate repair processes resulting in occasional errors which
may lead to transversion and frame shift mutations.

Alkylating agents are the most important chemicals, which have
been investigated extensively for mutagenicity and clastogenicity
(chromosome breaking) in 1960s and 1970s. Most of the earlier data are
derived from experiments using plant cells and a good summary of these
studies was made by Loveless (1966). One of the important
observations of the earlier studies was that the aberrations induced by
alkylating agents are distributed non-randomly among the chromosomes
in Vicia faba root tip cells. The hetero-chromatic regions were found to
be more often involved in exchanges than euchromatic regions
(Revell, 1953 and Ockey, 1960). This bias was interpreted to be due to

the late replication of these regions, somatic association of



chromosomes (Rao and Natarajan,1967) and base composition of these
regions (Natarajan and Upadhya, 1964).

Among the alkylating agents, bifunctional agents are more
efficient than monofunctional ones in inducing chromosome aberrations
in plant cells (Loveless,1966). Monofunctional alkylating agents can be
characterized by their reactivity to nucleophilic centre in DNA which can
be described by Swain-Scott substrate constant(Swain and Scott,1953).
There are two types of alkylation that can occur in DNA, namely base
and phosphate alkylation. The N-7 guanine is more nucleophilic than 0-
6 atom of guanine and phosphate group. The agents which alkylate N-7
more than 0-6, such as dimethyl sulphate or methylmethane sulphonate
(MMS) are more efficient in inducing chromosome aberrations than
those which alkylate preferentially 0-6 such as ethylmethane sulphonate
or isopropyl methane sulphonate in plant cells (Vogel and Natarajan,
1982).

3.2 Methods
3.2.1 Preparation of mutagenic solution

One percent stock solutions of both EMS and MMS were
prepared in the buffer having pH 7.0. This freshly prepared stock
solution was used to prepare different concentrations of both the
mutagens using the formula S4V,{=5,V,, where,

Si- Strength of the stock solution
V,- Volume of the stock solution
S,-  Strength of desired solution

V.- Volume of the desired solution



The different concentrations of the mutagenic solution used for
treatment were
EMS: 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%
MMS: 0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%, 0.07%, 0.08%
3.2.2 Treatment of seeds

The bold and healthy seeds were presoaked in distilled water for
12 hours at room temperature (25+1°C) before subjecting them to
mutagenic treatment. The presoaked seeds were surface dried on
blotting paper to remove the water droplets attached to the seed coat.
The seeds of both the varieties were treated with different
concentrations of the two mutagens for 8 hours separately. The
untreated seeds were maintained as controls in all the four sets of the
treatments. During mutagenic treatment, intermittent shaking was given
throughout the treatment period to facilitate sufficient aeration. The
seeds were placed in sufficient quantity of mutagenic solution to ensure
uniform absorption. After the expiry of the treatment time the treated
seeds were thoroughly washed in running tap water to remove the
excess mutagenic solution from the surface of the seeds, prior to
sowing (Table 6).
3.2.3 Sample size

For each dose/treatment including control a set of 40 seeds was
used for each variety. Out of 40 seeds, 20 treated seeds in each case
were sown in the pots for morphological and cytological studies and the
remaining set of 20 seeds was placed in petriplates on moist cotton for
measuring root-shoot lengths. The  petriplates were kept in B.O.D.

incubator at 25+1° C temperature.



Table 6. Details of mutagenic treatments given to chickpea seeds

' Mutagen Dosel/conc. Duration of | Durationof | pH | Number
used (%) presoaking | treatment of seeds
(h) (h) treated

Control Dist. water /buffer 12.0 8.0 7.0 40

EMS 0.1 12.0 8.0 7.0 40

0.2 12.0 8.0 7.0 40

0.3 12.0 8.0 7.0 40

0.4 12.0 8.0 7.0 40

0.5 12.0 8.0 7.0 40

0.6 12.0 8.0 7.0 40

0.7 12.0 8.0 7.0 40

0.8 12.0 8.0 70 | 40

MMS 0.01 12.0 8.0 7.0 40

0.02 12.0 8.0 7.0 40

0.03 12.0 8.0 7.0 40

0.04 12.0 8.0 7.0 40

0.05 12.0 8.0 7.0 40

0.06 12.0 8.0 7.0 40

0.07 12.0 8.0 7.0 40

0.08 12.0 8.0 7.0 40




3.2.4 Seed sowing in the field

The treated as well as untreated (control) seeds were sown in
four replicates (5 seeds in each pot) in rabi season (October) of 2002 in
the net house of Botany Department A.M.U., Aligarh. The pots were
suitably filled with the finely prepared soil and maintained in spacious
rows to provide adequate space and sunlight, necessary for raising a
good crop.
3.3 Evaluation of M, generation

A detailed study of induced mutagenesis in the two varieties of
chickpea by alkylating agents was undertaken using following
parameters.
3.3.1 Seed germination

Seed gérmination was recorded daily immediately with
emergence of first shoot in each treatment as well as control in the pots.
The germination data obtained was utilized in calculating percentage of
seed germination and inhibition, using the following formula.

Number of seeds germinated

Germination (%) = x100
Number of seeds sown

Germination in control-Germination in treatment
Inhibition(%) = x100
Germination in control

3.3.2 Seedling height (cm)
The height of the seedlings was estimated on 7" day of
germination by measuring root and shoot length of 10 randomly

selected seedlings from each treatment as well as control. The seedling






