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ABSTRACT

A comparative study of frequency and spectrum of chlorophyll mutations induced by
two physical (gamma rays and fast neutrons) and two chemical mutagens (NMU and
EMS) in relation to the effects in My plants and induction of mutations in M2 was
made in four chickpea (Cicer arietinum L.) varieties, two desi (G 130 and H 214) one
kabuli (C 104) and one green seeded (L 345). The treatments included three doses each
of gamma rays (400, 500 & 600 Gy) and fast neutrons (5, 10 & 15 Gy) and two
concentrations with two different durations of two chemical mutagens, NMU [0.01%
(20h), and 0.02% (8h)] and EMS [0.1% (20h) & 0.2% (8h)]. Chemical mutagens were
more efficient than physical in inducing viable and total number of mutations. Among
the chemical mutagens NMU was the most potent, while among the physical mutagens,
gamma rays were more effective. Green seeded var.'L. 345 was most responsive for
mutations while the kabuli var. C 104 was least suitable. Major differences in the
mutagenic response of the four cultivars were observed. The desi varietiies were more
resistant towards mutagenic treatment than kabuli and green seeded type.

Key Words : Chickpea, Cicer arietinum, viable mutations, frequency and
spectrum, mutagens, radiation

Chickpea is most important pulse crop of the Indian subcontinent accounting
for more than 50% in area.and production of all the pulse crops. In order to induce
variability and utilize useful mutations for efficient plant breeding, the systematic
and comparative study of induced chlorophyll and viable mutation frequency in M,
generation is the most dependable index for evaluating the effectiveness of mutagenic
treatments. Although studies on induced mutations in some legumes [1-14] have

been undertaken in the past, limited reports are available on crops such as chickpea
[1-5].

The present investigation was undertaken to understand the response of different
desi and kabuli chickpea genotypes to more than one type of mutagenic treatment

with a view to identify the mutagen and treatment causing maximum viable mutations
in M, generation.
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MATERIALS AND METHODS

The material for this study comprised of two desi (G 130 and H 214), one kabuli
(C 104) and one green seeded type (L 345) chickpea genotypes. Five hundred dry
seeds with a moisture content of 10-12% approx. were used for each treatment.
Three doses each of two physical mutagens, gamma rays (400, 500 and 600 Gy) and
fast neutron (5, 10 and 15 Gy) were given. Two concentrations and two durations
of the two radiomimetic monofunctional alkylating agents viz., N-nitroso-N-methyle
urea (NMU) 0.01% (20h) and 0.02% (8h) and ethylmethane sulphonate (EMS) 0.1%
(20h) and 0.2% (8h) were used. Gamma rays were secured from Gamma Cell-200
having a 2000 Curie %%Co source available at Genetics Division, IARI, New Delhi.
Fast neutrons treatments were given at BARC, Trombay, Mumbai. NMU and EMS
of Pfaltz and Bauer Inc. USA were used for preparing aqueous solutions of chemical
mutagens at 5.2 pH. Treatments with chemical mutagens were given with intermittant
shaking at 20 + 2 9C. Dry seeds were used as controls. The seeds treated with
chemical mutagens were thoroughly washed in running water for 30 minutes to
leach out the residual chemicals and then dried on blotting paper. Treated and
control seeds were sown at a spacing of 15 cm in rows of 5 m long and 0.45 m
apart on the same day in well prepared seed beds in the field. Each M, plant was
harvested individually and M, progeny raised in separate row. The treated as well
as control poulations after germination were carefully screened for viable mutations
throughout the life period of the plants in the seed beds in the field.

RESULTS AND DISCUSSION

The mutations affecting gross morphological changes in branching, stem structure,
growth habit, leaf, flower, pod and seed size, maturity and plant type etc. were
scored as viable mutations. There were differences in the mutation spectrum both
between varieties and mutagenic treatments. However, many similarieties were also
noticed between the desi and kabuli varieties in respect of the spectrum and frequency
of a particular mutation. The frequencies of viable mutations were computed as in
the case of chlorophyll mutations [4].

Frequency of viable mutations: It can be seen (Table 1) that the total mutation
requency increased with the increase in dose, except in case of neutron 15 Gy and
EMS 0.2%(8h) which showed a sudden decrease in mutation rate. Differences were
observed in the mutation rates obtained with different varieties as well as mutagens
applied. Among the mutagens the highest frequency of total viable mutations on
the basis of M, population (Fig. 1-a) showed that NMU 0.02%(8h) was most efficient
(51.8%), followed by EMS 0.1% (20h) (44.0%). Physical mutagens gave similar results
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Fig . 1(a,b,c). Frequency of viable mutations in M2 generation
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on M, and M, population basis and their highest mutation rate in 600 Gy gamma
rays was about 50% of the mutation rate recorded with the chemical mutagens.
Neutrons 15 Gy was found to be the least effective treatment. On the basis of M,
population (Fig. 1-b), highest frequency of viable mutations was observed in EMS
treatment 0.2%(8h). The frequency of mutations in physical mutagens was very low
as compared to chemical and neutrons gave lowest frequency among all mutagens.
Among the varieties, total viable mutation frequency on the basis of M; population
(Fig. 1-c) indicated the maximum rate in green seeded var. L 345 (32.2%), followed
by desi var. G 130 (26.2%). The lowest number of mutants was observed in kabuli
var. C 104 (17.3%).

Average mutation rate showed that the chemical mutagens gave 2 to 5 times
more mutations than the radiations while in chemical mutagens NMU gave higher
mutation rate than EMS, in radiations gamma rays gave higher mutation rate than
neutrons.

a) Viable mutations : The chemical mutagens have also been found to be more
effective compared to the physical mutagens in inducing morphological mutations
(Table 1): NMU, which gave the highest frequency of M, families segrgating for
chlorophyll mutations, has also yielded the largest number of M; families segregating
for morphological mutations (Fig. 1-a). Thus we may conclude that NMU is highly
useful mutagen when one is looking for major gene changes which can be readily
scored in a segregating population. However, it may be noted that EMS, another
alkylating agent is also highly efficient in inducing viable mutations particularly on
M, population basis (Fig. 1-b). The neutron treatments in contrast has been found
to be least effective in inducing mutants of this kind. It is known from earlier studies
that densely ionising particles like neutrons are more efficient in inducing chromosome
breaks than point mutations. The present findings would appear to support this
conclusion. Another interesting finding is that in contrast to the high sensitivity of
desi varieties as a group for chlorophyll mutations, for viable mutations the culinary
varieties are relatively more sensitive (Fig. 1-c). Higher frequency of chlorophyll and
viable mutations following treatments with chemical mutagens than radiations as
observed in this study, have also been reported in peas [6-9] and lentils [10-13].

Results on the basis of frequency of viable morphological mutations per 100
M; families also indicated maximum mutability of green seeded var. L 345 (32.2%)
followed by desi var. G 130 (26.2%) whereas again kabuli var. C 104 had lowest
mutation rate (17.3%). The data obtained suggested that induced mutability is also
governed by the genetic architecture of the material used.
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The sharp differences in the response of the different varieties in terms of
induction of mutations by the different mutagens raises some important issues. The
choice of variety for mutation experiment is determined largely by the agronomic
characteristics of the different varieties. It is important for this reason to find why
different varieties differ so much in their mutability and whether experimental
conditions can be manipulated to enhance mutation rates in varieties which normally
appear to be resistant to genetic changes. The kabuli var. C 104 in the course of
present study has been found to be relatively resistant to mutational changes in
general.

It is well recognised of course that induced mutability at locus or group of loci
is affected by the general genetic background of the plant. That the varieties of
spring barley of non-hybrid ones were less mutable than the hybrid ones was noted
by Gustafsson [6] as far back as 1947. Later on, the genotypic control of mutation
process has been reported by several workers [20-22].

The wider spectrum of induced mutations by NMU holds good for all the
varieties. In addition to the mutagen, the genetic background of the chickpea variety
has a significant role in determining its mutability. This is clear from the observation
presented in Table 2, Fig. 2-B, that even a highly potent mutagen like NMU is not
equally effective in all the varieties. Gregory [21] also stated that the chief factor
that influences the induction and recovery of mutations is the genetic constitution
of the experimental organism and not the mutagen used. Similar evidence that
genetic differences as small as single gene difference even could bring about significant
changes not only in the frequency but also in the spectrum of recoverable mutations
have been provided by many workers [16-22].

The mutation spectrum induced in the more radio and Chemo resistant desi
varieties was quite broad and the mutations affecting almost all the parts of the
plant and characteristics were isolated (Table 3). On the other hand, in the most
radio and chemo-sensitive kabuli var. C 104 which was also least mutable, the
mutation spectrum was also narrowest (Table 4). These observations also agree with
the conclusion that the closer the varieties are in their genotypes, the greater is the
similarity in their spectra and frequency of mutations. Thus the "Varietal mutability"
in the frequency and spectrum of induced mutations is largely affected by the
genotype of the variety under definite mutagen treatment and treatment conditions.

It was also interesting to note that the spectrum of the mutations was dependent
upon the nature of the mutagen employed. For example, most of the foliage
mutations in all the varieties were induced by NMU alone. The fasciata, simple,
curly and long leaf and upright mutations were induced by NMU and EMS treatments
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alone. On the other hand, the loabbed and stalked leaflet and open flower mutations
were induced by gamma-rays only. On the whole, NMU and gamma-rays induced
15 and 8 different types of mutations respectively in desi and kabuli varieties. Thus
NMU induced widest spectrum of mutations among all the four mutagens in all
the four varieties. Occurrence of dwarf mutations in all the varieties under most
of the treatments showed the presence and similar mutability of this gene in all the
varieties thereby confirming the above discussed views. The differential spectrum of
viable mutations, as observed in the present experiment, has been reported by several
workers [10-14].

In addition to a large number of simple viable mutations, multiple mutations
affecting two or more characters were found common in all the mutagenic treatments
in the present study. However, their frequency varied with variety and mutagen.
For example, the frequency of multimutants was lowest in kabuli var. C 104 and
very high in desi var. G 130 and H 214. Similar differences were also found in
treatments with different mutagens. NMU and EMS, in general, were more effective
in inducing multiple mutations followed by gamma-rays and neutrons. Occurrence
of multiple mutations has also been reported in groundnut by Gregory [21]. This
phenomenon is attributed to either mutation of pleiotropic gene, or mutation of gene
clusters or due to loss of chromosomal segments.

Data on the spectrum and relative frequency of viable mutations [Tables 1-4]
revealed that both varied depending on variety and treatment. Of all the mutagens
NMU indicated the widest spectrum of viable mutations (Fig. 2. A-a). EMS gave a
much narrower spectrum than NMU. Comparison of varieties indicated that desi var.
G 130 produced the widest spectrum of mutations. On the other hand, kabuli var.
C 104 showed the narrowest spectrum. Frequency and spectrum of mutations on
mutagen basis (Table 2 & 3) indicated that mutagens show relative specificity in
case of induction of various types of mutations. NMU, for example, showed widest
spectrum of mutations for leaf-morphology and plant type in all the four varieties.
Neutrons showed maximum specificity for seed colour mutants and gamma-rays for
plant type.

Mutations affecting leaf morphology, growth habit and plant type (Table 3)
appeared more frequently in desi varieties under chemical mutagens than with
radiations. Out of the total number of viable mutations scored, 45% belonged to leaf
morphology, 32.8% to growth habit, 19.3% to seed colour mutations and rest 2.8%
to all other types of mutations. Of all the mutations induced by different mutagens
42.7% were produced by NMU alone and the rest by gamma rays, neutrons and
EMS in about equal numbers. Frequency of mutations on variety basis indicated
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almost equal response of the three var. L 345, G 130 and H 214, while kabuli var.
C 104 showed poorest response.

Total mutation rate : The frequency of total mutations (chlorophyll + viable)
in different treatments of desi and culinary varieties (Table 4 & Fig. 2-B) indicated
that the mutation rate in most of th§ treatments increased with the increase in the
dose of the mutagen. -

The highest frequency of all the mutations (Fig. 2. B-a) was recorded (treatments
pooled over varieties) in NMU treatment 0.02%(8h) (4.11%) follwed by NMU
0.01%(20h) (3.53%). Thus, both the chemical mutagen tretments showed higher
mutation rate than physical mutagens and between physical, gamma rays treatments
gave higher rate than neutrons which gave lowest rate among all. Among mutagens,
overall average of total mutation rate indicated highest mutation rate in NMU
followed by EMS, gamma-rays and neutrons giving lowest rate of mutations. Total
mutation rate on variety basis (Fig. 2. B-b) was highest in green seeded var. L 345
followed by desi var. H 214. Kabuli var. C 104 showed poorest mutation rate among
all the four varieties.

The relative low mutation rate at high doses may be due to the high percentage
of zygotic lethal mutants due to the poor germination in the M, generation. The
dose dependent increase in the mutation frequency and a close relationship between
the frequencies of chlorophyll and viable mutations as observed in the present studies
is in confirmity with the observations in other crops [6-14].

Total mutation rate on mutagen basis (treatments pooled over varieties) indicated
positive dose dependency in general and in chemical mutagens in particular. These
observations lead to important conclusion that high mutation rates can be obtained
with moderate doses and shorter duration of treatments and acute doses and
prolonged direct treatments are not suitable for achieving high mutation rates.
Similarly the varieties with moderate mutagenic resistance (ie. desi var. H 214 and
green seeded var. L 345) [Fig. 2. B-b] can be expected to give higher rates of
mutations than those highly sensitive (kabuli var. C 104) or resistant (desi var. G
130).
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