Journal of Genetics (2021)100:43
https://doi.org/10.1007/s12041-021-01283-5

Ó Indian Academy of Sciences
(0123456789().,-volV)
(0123456789().,-volV)

RESEARCH ARTICLE

Applied mutagenesis could improve economically important traits
in bitter gourd (Momordica charantia L.)
SUBHRAMALYA DUTTA1, PRANAB HAZRA1, SHUBHRAJYOTI SAHA1, BRATI ACHARYA1,
TRIDIP BHATTACHARJEE1, PRAVEEN KUMAR MAURYA1, SWADESH BANERJEE1, IVI CHAKRABORTY2
and ARUP CHATTOPADHYAY1*
1Faculty

of Horticulture, Department of Vegetable Science, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur
741 252, India
2Faculty of Horticulture, Department of Post Harvest Technology, Bidhan Chandra Krishi Viswavidyalaya,
Mohanpur 741 252, India
*For correspondence. E-mail: chattopadhyay.arup@gmail.com.
Received 5 October 2020; revised 17 December 2020; accepted 8 January 2021
Abstract. Mutants with unique characters have played a key role in discovery of gene, mapping, functional genomics and breeding in
many vegetable crops, but information on bitter gourd is lacking. Induction of mutation by gamma rays (Co60 source) at ﬁve different doses
(50 Gy, 100 Gy, 150 Gy, 200 Gy and 250 Gy) was studied in four widely divergent bitter gourd genotypes BG-1346501, Meghna-2, Special
Boulder and Selection-1 in M1 generation. Reduction in seed germination percentage, vine length and pollen fertility occurred in M1
generation with the increasing doses of mutagens. LD50 dose for BG-1346501, Meghna-2, Special Boulder and Selection-1 corresponded to
290.76 Gy, 206.12 Gy, 212.81 Gy and 213.49 Gy c radiation, respectively suggested low to medium doses (200–250 Gy) of gamma rays
would be helpful in producing useful and exploitable mutants for further breeding. No remarkable effect of c radiation on fruit physicochemical characters in M1 generation were observed. M2 generation, raised from two widely divergent genotypes, BG-1346501 and
Meghna-2, were screened critically and observed no signiﬁcant reduction in seed germination and pollen viability, however little damage
occurred particularly in vine length. There is possibility of isolating segregates in M2 generation with enhanced nutrient contents at low
radiation dose. Highest mutation frequency resulted by treating Meghna-2 at 200 Gy and BG-1346501 at 100 Gy. Both genotype and
mutagenic doses inﬂuenced mutagenic effectiveness. Spectrum of mutation was very low; number of putative mutants isolated from M2
generation was ﬁve in Meghna-2 and three in BG-1346501. Among six putative macro mutants isolated from M3 generation, we could
identify two putative mutants, namely Meghna-2 with gynoecious sex form and BG-1346501 with high charantin, appreciable b-carotene
and high ascorbic acid contents having ample promise for further utilization in bitter gourd breeding after critical testing in subsequent
generations for estimation of genetic gain and trait heritability to conﬁrm the mutant stability.
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Introduction
Bitter gourd (Momordica charantia L.) is an important
cucurbitaceous cash crop cultivated in India and other parts
of South Asia, especially by small and marginal farmers
(McCreight et al. 2013). Due to its nutritive value and
medicinal properties, importance of bitter gourd has been
recognized. Fruits are rich in beta-carotene, vitamin C, the B
vitamins, folic acid, magnesium, phosphorus, and potassium
(Dhillon et al. 2016). Medicinal value of bitter gourd has
been attributed to its high antioxidant properties due in part

to phenols, ﬂavonoids, isoﬂavones, terpenes, anthroquinones, and glucosinolates, all of which confer a bitter
taste (Snee et al. 2011). Charantin is a typical cucurbitanetype triterpenoid present in bitter gourd. Structurally, charantin is the mixture of two compounds, namely sitosteryl
glucoside and stigmasteryl glucoside. Different studies point
out that charantin is a potential substance with anti-diabetic
properties (Krawinkel and Keding 2006) which could be
used to treat type-2 diabetes (Pitipanapong et al. 2007).
Over the years, cucurbit breeders have tried to improve
bitter gourd through a process of single plant selection from
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the farmers’ variety or landraces followed by inbreeding for
the development of improved lines/varieties, followed by
crossing among genetically diverse and good combining
ability parents and identiﬁcation of commercial hybrids. This
approach was adopted to increase the chances of developing
lines with desirable characteristics, which include both
farmer-preferred traits (earliness, high marketable yield, pest
and disease resistance, etc.) and consumer-preferred traits
(fruit colour, shape, size, skin pattern, etc.). Continuous
market-driven selection to accomplish the preferences of
different stakeholders (growers, distributors, retailers, and
consumers) led to repeated use of elite inbred lines for
hybrid development, which narrowed the genetic base of the
crop and has also led to low genetic diversity among commercial cultivars (Duvick 2005).
Genetic diversity is the base for survival of plants in
nature and for crop improvement. Lack of genetic diversity
can enhance vulnerability of the crop to disease and insect
outbreaks (Keneni et al. 2012). In this regard, mutation
breeding provides one of the most promising options to
broaden the genetic diversity and achieve rapid crop
improvement. Induced mutagenesis has been performed to
achieve rapid genetic changes in the targeted genetic material for improvement of many economically important traits
in food grain crops (Wani et al. 2012; Laskar and Khan
2014; Amin et al. 2015; Laskar et al. 2015; Viana et al.
2019; Irshad et al. 2020) including tomato (Minoia
et al. 2010; Sikder et al. 2013; Laskar et al. 2018; Das
et al. 2019), okra (Hegazi and Hamildeldin 2010; Asare
et al. 2017), garden pea (Aney 2014), cucumber (Shah et al.
2015), cauliﬂower (Hadi and Fuller 2013) and cowpea
(Kumar and Verma 2011). Mutagenesis is employed not only
as a tool to create genetic variability for crop improvement,
but is often regarded as highly academic pursuits as well.
The sustained efforts for the crop improvement through
induced mutation have resulted in development and release
of around 3275 mutant varieties in more than 220 plant
species worldwide, of which India contributes 330 mutant
varieties till date (Spencer-Lopes et al. 2018). In bitter
gourd the progeny (M1) derived from radiation mutagenesis
also possessed economically important traits that are controlled by single recessive genes (Miniraj et al. 1993). The
cultivar MDU-1, developed as a result of gamma radiation
by treating seeds of the landrace MC-103, was found to
possess high yield (Rajasekharan and Shaninugavelu 1984).
Likewise, the white bitter gourd mutant ‘Pusa Do Mausami’
was developed through spontaneous mutation from the
natural population of green-fruited type ‘Pusa Do Mausmi’
at IARI, New Delhi, India (Behera et al. 2010). Therefore,
immense opportunity exists to create diverse and rich gene
pool for fruit yield components and quality traits through
applied mutagenesis in bitter gourd. Scanty research report
on applied mutagenesis in bitter gourd in India and abroad
necessitates to conduct the present study to determine the
damage in terms of lethality, injury and sterility in M1
generation and to determine LD50 dose for widely divergent

inbred lines by gamma (c) radiation; to determine the
quantitative variation for different growth, reproductive and
fruit quality characters in M1 and M2 generations; to determine the spectrum of mutation, mutation frequency, mutagenic efﬁciency and effectiveness in the M2 progeny, and
ﬁnally to characterize macro mutants identiﬁed in M3
generation.

Materials and methods
Field experiments were conducted in an inceptisol at Central
Research Farm, Gayeshpur, Bidhan Chandra Krishi Viswavidyalaya, Nadia, India, situated at 23°N and 89°E at 9.75 m
above MSL in open ﬁeld condition during spring-summer
(February to June) seasons of three consecutive years
(2017–2019). Average rainfall was 1500 mm and the climate
was subtropical humid. Average minimum and maximum
temperatures during cropping seasons over the years
remained within 15–37.5°C.

Plant materials and ﬁeld growing

Four widely divergent inbred lines of bitter gourd, namely
BG 1346501 (Semillas Fitó India Pvt. Ltd., Bengaluru,
India), Meghna-2 (local collection, Nadia, India), Special
Boulder (KVK, Kalyan, India) and Selection-1 (selection
from the breeding line BIGVAR-5, BCKV, India) from the
total genotypic assemblage of 15 were employed in the
present investigation. These inbred lines were maintained in
the research project entitled ‘Nuclear-intervened molecular
breeding and in-vitro culture for increasing yield and phytomedicine production in bitter gourd (Momordica charantia)’ sponsored by the Department of Atomic Energy,
Government of India and implemented by the Department of
Vegetable Science, Faculty of Horticulture, Bidhan Chandra
Krishi Viswavidyalaya, India.
Low to medium doses of gamma rays have been tried in
the present investigation because a number of earlier studies
suggested that lower doses of gamma radiations showed
higher mutagenic effectiveness and efﬁciency in many crops
(Harding et al. 2012; Sikder et al. 2013). In the present
investigation, selfed seeds of four inbred lines were irradiated with gamma rays at 50, 100, 150, 200, and 250 Gy at
the gamma chamber (GC-5000) using 60Co as radiation
source at Regional Nuclear Agricultural Research Centre,
Bidhan Chandra Krishi Viswavidyalaya, India. Hundred
treated seeds each with ﬁve doses of gamma radiation along
with untreated parental controls were sown in well prepared
ﬁeld during spring-summer season (February–July 2017) in
randomized block design with three replications. The
experimental soils were nonsaline, sandy-loam in texture,
neutral in reaction (pH 6.8), low in organic carbon (4.0
g/kg), available N (135 kg/ha), high in available P (50 kg/ha)
and medium in available K contents (135 kg/ha). In each
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plot, the plants were closely spaced by 0.5 m 9 1.0 m and
trained over low trellis. FYM @ 10 Mtha-1and N:P:K was
applied at 80:40:40 kgha-1. The N was from urea, the P
from single superphosphate and the K from muriate of
potash. Half of N and all of the P and K were applied at soil
preparation and other half of N was top dressed twice at 30
and 45 days after sowing (DAS). Agronomic practices were
followed as per Chattopadhyay et al. (2007).
Development of mutagenic populations and evaluation

Seed germination percentage in M1 generation was
employed to calculate the LD50 dose of the mutagen. All M1
plants were selfed and seeds were harvested from individual
plant to raise M2 generation. M2 generation was raised from
the M1 generation of two widely divergent genotype, namely
BG-1346501 and Meghna-2. It was not possible to keep and
maintain a huge number of plants in M2 generations of four
genotypes, hence only two diametrically opposite materials
were kept and rest were not considered. Since potential
variability abounds in mutant progenies and it is released
gradually, the sample size was kept as large as possible.
Seeds from all plants of each of these two genotypes from
respective treatment in M1 generation were bulked to raise
M2 generation. The bulked M2 seeds were sown again in
well-prepared beds during spring-summer season (February–
July 2018) in randomized block design with three replications. In each plot, plants were closely spaced by 0.50 m 9
1.0 m and trained over low trellis. In each replication, 50 M2
plants (total 150 M2 plants in each mutagenic treatment)
along with parental controls were maintained to record
observations on different characters. The M2 generation
were screened critically as it was expected to be the most
variable population and all the variants were expected to
express themselves. Every plant in each of the respective M2
generation of the mutagenic treatment in two genotypes was
characterized based on sex form (monoecious/gynoecious/
hermaphrodite), male sterile/fertile, pollen viability, fruit
shape, fruit colour and tubercle character to identify the
macro mutants. All plants which showed prominent variation in M2 generation based on both qualitative and quantitative characters were selfed to raise M3 generation of
single M2 plant progenies. All the selected M3 families
comprising at least 100 plants in each line along with the
parental bases were raised in plant-to-row plots in M3 generation during February–July 2019.
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viability was determined by stainability with 1% acetocarmin
solution and its reduction compared to that of control plants
was called sterility. Sampled fruits of M1 and M2 generations
were used replication-wise and the composite sample was
taken in the laboratory of Post Harvest Technology, Faculty
of Horticulture, Bidhan Chandra Krishi Viswavidyalaya to
estimate total chlorophyll content of immature fruit (mg/100
g fresh) as per Sadasivam and Manickam (1996), b-carotene
of immature fruit (mg/100 g fresh weight) as per Davies
(1976), ascorbic acid content of immature fruit (mg/100 g
fresh) as per AOAC (1990). The stable macro mutants were
characterized in M3 generation based on 11 qualitative,
growth, physiological, fruit yield components, nutrient and
phyto-medicine contents.
Statistical analysis

Collected data were subjected to analysis of variance technique (Fisher 1985) and Duncan’s multiple range test
(DMRT) at 5% probability. The following calculations were
done as per standard methods. (i) Germination percentage
(%): the germination percentage of M1 and M2 plants was
calculated by dividing the number of germinating M1 and
M2 plants by the number of M1 seeds treated with mutagens
and number of M2 seeds sown respectively. (ii) LD50 dose of
the mutagen: it is the dose required to kill 50% of the tested
population which was determined following probit analysis
as per Finney (1971). (iii) Lethality (L): it is the percentage
lethality in seed germination (reduction in seed germination)
in different treatments in M1 and M2 generations with
respect to parental bases. (iv) Seedling injury (I): it is the
percentage seedling injury (reduction in seedling height) in
different treatments in M1 and M2 generations with respect
to parental bases. (v) Pollen sterility (S): it is the percentage
reduction in pollen fertility in different treatments in M1 and
M2 generations with respect to parental bases. (vi) Mutation
frequency (Mf): it is the percentage of plants in M2 generation showed prominent variation with respect to parental
characters. It was expressed as total number of mutants per
100 M2 seedlings. (vii) Mutagenic efﬁciency: (Mf/L) and
(Mf/S) as per Konzak et al. (1965). (vii) Mutagenic effectiveness (gamma radiation): Mf 9 100 / dose (kRad).

Results
Damage in M1 generation

Field and laboratory observations

From M1 and M2 generations, observations were recorded
from all the plants in each replication on seed germination
(%), vine length (cm) at 35 days after sowing, leaf number
per vine at 35 days after sowing, pollen viability (%), fruit
length (cm), fruit diameter (cm), and fruit weight (g). Pollen

The impact and tolerance level of the biological material to a
mutagen were manifested in M1 generation itself in terms of
lethality, injury and sterility (Gaul 1977). Germination percentage in M1 generation varied with the genotypes. The
small-fruited genotype Special Boulder emerged as the most
tolerant, while Meghna-2 having the highest chlorophyll
content in fruit was the most susceptible to c radiation. In all
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four genotypes, c radiation showed inhibitory effect on seed
germination in M1 generation. Signiﬁcant (P \ 0.05)
reduction in germination percentage occurred in Selection-1,
Special Boulder and Meghna-2 treated at 200 and 250 Gy,
and in white-fruited genotype BG-1346501 treated at 150
Gy dose over control. The average reduction in germination
over ﬁve doses of c radiation with respect to control was
11.70% (table 1).
Reduction in vine length observed at 35 days after sowing
to c radiation in all four genotypes in M1 generation. The
average reduction in vine length over ﬁve doses of c radiation with respect to control was 7.81% (table 1), however it
decreased with the increase in dose of c radiation. Signiﬁcant (P \ 0.05) reduction in vine length recorded in Selection-1, Meghna-2 and BG-1346501 treated at 200 and 250
Gy, and in small-fruited genotype Special Boulder at 250 Gy
over control. The genotype Special Boulder suffered the
least damage for vine length (4.51% reduction) followed by
BG-1346501(10.72 %), Meghna-2 (13.79 %) and Selection1 (15.97 %) over ﬁve c radiation doses.
In all the four genotypes, c radiation reduced pollen viability in M1 generation. The average reduction in pollen
fertility over ﬁve doses of c radiation with respect to control
was 11.18%, however, it decreased with the increase in dose
of c radiation. Signiﬁcant (P \ 0.05) reduction in pollen
viability observed in Selection-1, Meghna-2 and BG1346501, treated at 150, 200 and 250 Gy doses and in
Special Boulder, treated at 200 and 250 Gy doses over
control. Pollen sterility inﬂicted to the tune of 10.72% in
Meghna-2, 11.23% in Special Boulder, 11.35% in BG1346501 and 12.02% in Selection-1, indicating consistent
reduction in pollen fertility irrespective of the genetic
architecture of the plant.
Determination of LD50 dose

The LD50 varied with the genotypes and was 213.49 Gy for
Selection-1, 212.81 Gy for Special Boulder, 206.12 Gy for
Meghna-2 and 290.76 Gy for BG 1346501.

Variation in M1 generation for growth, reproductive and fruit
quality characters

All the mutagenic doses showed inhibitory effect on leaf
number per vine in all the genotypes. Signiﬁcant (P \ 0.05)
reduction in leaf number per vine recorded in Selection-1
and BG-1346501, treated at 250 Gy dose while other two
genotypes, Special Boulder and Meghna-2, did not exhibit
signiﬁcant reduction over control. The average reduction in
leaf number per vine over ﬁve doses of c radiation with
respect to control was 9.51%. Leaf number reduced maximum to the tune of 15.38% in Selection-1 followed by
13.71% in BG-1346501, 6.11% in Meghna-2 and 2.32% in
Special Boulder (table 1). The small and globose-fruited

genotype Special Boulder emerged as the most tolerant
genotype to c radiation compared to other three genotypes.
Fruit length decreased with the dose of c radiation but not
very conspicuous. Signiﬁcant (P \ 0.05) reduction in fruit
length occurred in Selection-1 and BG-1346501, treated at
200 Gy and 250 Gy doses, and in Special Boulder and
Meghna-2, treated at 250 Gy dose over control. The average
reduction in fruit length over ﬁve doses of c radiation with
respect to control was 7.92%. Fruit length was reduced
maximum to the tune of 12.09% in Meghna-2 followed by
10.11% in BG-1346501, 5.68% in Selection-1 and 4.05% in
Special Boulder (table 1). Special Boulder recorded as the
most tolerant genotype to c radiation compared to other three
genotypes.
Signiﬁcant (P\0.05) reduction in fruit diameter observed
in Meghna-2 and BG-1346501, treated at 200 Gy and 250
Gy doses and in Selection-1, treated at 250 Gy dose, while
Special Boulder did not show any signiﬁcant reduction in
fruit diameter over control. The average reduction in fruit
diameter over ﬁve doses of c radiation with respect to
control was 8.94%. Fruit diameter reduced maximum to the
tune of 11.83% in Meghna-2 followed by 10.86% in
Selection-1, 6.87% in BG-1346501 and 5.54% in Special
Boulder (table 1). Special Boulder emerged as the most
tolerant genotype to c radiation compared to other three
genotypes with respect to fruit length and diameter. At the
same time, comparatively low tolerant genotype Meghna-2
as depicted by highest reduction in seed germination and
second high reduction in vine length reﬂected the maximum
reduction in fruit length and diameter.
The average per cent reduction in fruit weight over ﬁve
doses of c radiation with respect to control was 6.38%.
Signiﬁcant reduction in fruit weight recorded in Meghna-2
and BG-1346501, treated at 200 Gy and 250 Gy doses, and
in Selection-1 and Special Boulder, treated at 250 Gy dose
over control. Fruit weight reduced maximum to the tune of
7.31% in BG-1346501 followed by 6.65% in Special
Boulder, 6.43% in Selection-1 and 5.23% in Meghna-2
(table 1). Highest tolerance level of the genotype Special
Boulder and lowest tolerance of the genotype Meghna-2 in
terms of reduction in seed germination, vine length, fruit
length and diameter did not reﬂect much in the reduction of
fruit weight.
Signiﬁcant (P \ 0.05) reduction in total chlorophyll
content of fruit observed in Selection-1 and Meghna-2,
treated at 200 Gy and 250 Gy doses, in Special Boulder
treated at 150 and 250 Gy doses and in BG-1346501, treated
at 150, 200 and 250 Gy doses over control. The average
reduction in total chlorophyll content of fruit over ﬁve doses
of c radiation with respect to control was 8.59%. Total
chlorophyll content of fruit reduced maximum to the tune of
17.82% in BG-1346501 followed by 9.64% in Selection-1,
9.53% in Special Boulder and 6.14% in Meghna-2 (table 1).
In three genotypes (Special Boulder, Meghna-2 and BG1346501) b-carotene content in immature fruit decreased
with the increase in dose of c radiation although not

Control
50 Gy
100 Gy
150 Gy
200 Gy
250 Gy
Control
50 Gy
100 Gy
150 Gy
200 Gy
250 Gy
Control
50 Gy
100 Gy
150 Gy
200 Gy
250 Gy
Control
50 Gy
100 Gy
150 Gy
200 Gy
250 Gy

57.33d±6.11
56.17d±5.48
58.35d±6.23
51.57f±4.27
46.66g±4.03
43.33h±4.16
68.60a±4.16
71.33a±7.02
69.33a±6.92
61.33c±5.03
54.66e±5.03
54.24e±4.16
64.15b±4.59
59.33c±6.11
57.33d±7.01
54.66e±9.01
48.66g ±3.05
44.66h±4.02
60.75c ±2.54
65.33b ±6.11
60.16c ±2.59
54.66e±3.01
51.33f ±4.16
43.33h±4.16

Seed
germination
(%)
59.60a
56.53c
53.47d
50.93e
48.47f
41.00h
61.73b
63.00a
60.87b
60.73b
56.27c
53.87d
58.40a
56.87c
49.73e
50.40e
48.13f
46.60f
57.87a
56.73c
54.33d
52.73d
49.80e
44.73g

± 9.43
± 8.15
± 12.55
± 9.75
± 8.29
± 10.52
± 8.92
±7.43
± 6.31
± 13.94
± 7.32
± 5.04
± 10.49
± 7.37
± 5.52
± 9.39
±8.48
±9.97
± 6.18
± 7.44
± 5.32
± 6.92
± 7.14
± 9.43

Vine length
(cm)
86.71a±3.58
84.95a±3.72
81.05b±3.25
77.35c±2.69
72.14d±4.54
65.93f±3.61
87.21a±3.13
84.87a±2.13
79.92c±4.95
78.13c±3.75
75.62d±3.21
68.56e±2.63
84.22a±4.08
82.84b±1.92
80.21b±2.66
76.16c±3.43
71.83d±4.32
67.47e±3.95
78.13c±2.29
76.74d±2.55
75.08d±2.96
68.91e±3.91
67.56e±5.39
58.02g±2.01

Pollen
viability (%)
9.88a±2.55
8.88a±2.23
9.23a±2.75
8.23a±2.06
8.52a±2.06
7.94b±2.24
9.11a ±2.62
8.76a ±2.84
10.11a±2.98
8.52a±2.78
8.58a±2.59
8.52b±2.78
8.47a±2.64
8.70a±2.97
8.05a±2.56
7.88b±2.73
7.76b±1.98
7.35b±2.23
8.36a±2.09
6.88c±2.07
6.94c±1.65
8.13a ±2.73
7.76b±1.92
6.35c±1.49

Leaf number
per vine
16.20a±2.31
16.64a ±2.51
15.43b±2.90
15.83b±1.71
14.06c±2.59
14.43c±2.33
5.56g ±0.77
5.56g ±0.77
5.48g ±0.63
5.77g ±0.82
5.23g ±0.81
4.64h ±0.45
9.16d±1.28
8.47e±0.95
8.63e±0.93
8.05e±1.89
7.87f ±1.38
7.26f ±1.11
9.84d ± 0.89
9.28d ± 1.01
9.42d ± 0.90
8.82e ±1.37
8.47e ±0.88
8.23e ±0.97

Fruit length
(cm)
9.07a ± 1.13
8.40b ± 0.73
8.25b ±0.95
8.30b ±0.70
7.90c ±1.02
7.56c ± 0.98
7.23c ± 0.95
6.98d ± 0.79
7.14c± 0.69
6.62e ±1.31
6.77e ±1.12
6.66e ± 0.75
8.83b ±1.01
8.27b ±1.19
7.98c ±1.15
7.93c ±1.58
7.49c ± 0.90
7.26d ± 0.71
8.22b± 0.65
7.84c± 0.84
7.82c ± 0.62
7.76c ± 0.94
7.38c ± 0.82
7.47c ± 0.99

Fruit
diameter
(cm)

Means followed by common letter(s) in a column did not differ signiﬁcantly at P \ 0.05 by Duncan multiple range test.

BG1346501

Meghna-2

Special
Boulder

Selection-1

Cultivar

c
radiation
dose
91.34a
89.11a
85.40b
84.45b
85.56b
82.83b
23.33g
23.73g
22.25g
21.92g
20.82g
20.14g
62.60e
59.04e
61.07e
59.49e
60.20e
56.86f
66.81c
67.14 c
64.74d
61.19e
59.79e
57.81f
±7.17
±6.25
± 6.18
±4.54
± 3.27
±2.60
± 3.26
± 3.65
± 2.81
± 1.59
±1.55
± 1.03
± 4.40
± 2.103
±3.107
±6.69
± 6.53
±4.94
± 2.93
±2.41
±3.46
±3.80
± 4.42
±2.41

Fruit weight (g)

Table 1. Effect of c radiation on growth, reproductive and fruit quality traits in M1 generation of four bitter gourd cultivars.

9.20d ±0.48
8.85e ±0.39
8.65e± 0.29
8.76e ±0.37
7.78f ±0.19
7.49f ± 0.30
9.63d± 0.62
9.46d± 0.53
8.82e± 0.35
8.88e ±0.27
8.58e ±0.29
7.81f ±0.46
15.58a ±0.39
15.46a± 0.53
14.99b± 0.38
14.78b± 0.27
14.58b± 0.29
13.31c± 0.46
1.49g ± 0.27
1.47g ± 0.30
1.35h ± 0.27
1.22i ± 0.26
1.17i ± 0.22
0.93j ±0.25

Total chlorophyll
content (mg/100 g )

0.64i ± 0.26
0.71h± 0.22
0.75h ± 0.25
0.84g ± 0.17
0.64i ± 0.08
0.51j ±0.09
1.21d ± 0.14
1.17d ± 0.09
1.13e ± 0.20
1.17d ± 0.26
1.12e ±0.17
1.08f ± 0.1
3.35a ± 0.31
3.23b ± 0.13
3.19c ± 0.11
3.19c ±0.12
3.16c ±0.08
3.16c ± 0.05
0.28k ±0.03
0.28k ± 0.02
0.27k ±0.04
0.26k±0.029
0.18l ± 0.01
0.16l ±0.02

b-carotene
content (mg/100
g)

50.96d ±2.85
49.65e ±2.60
49.77e ±3.18
49.37e ±1.62
49.22e± 2.87
48.55f ±1.32
59.95c ± 2.39
59.60c ±2.06
58.86c± 2.30
58.23c ±2.16
57.69c ±2.07
57.78c ± 1.97
61.51a± 2.06
60.60b ± 2.39
60.82b ±2.43
60.96b ± 2.80
60.58b ±2.99
59.20c ± 1.70
41.68h ±2.22
41.11h± 1.97
42.30g ± 1.85
40.81i ±1.71
40.81i ±1.38
41.37h ± 1.82

Ascorbic acid
content (mg/100
g)
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2.92
2.70
2.87
3.43
2.90
2.36
2.43
2.67
2.73
2.18
2.83
2.38
58.11a ±
57.55b ±
58.97a ±
58.29a±
57.08b ±
53.20c ±
42.47e ±
41.21e ±
44.51d ±
41.81e ±
42.18e ±
41.86e ±
0.29
0.12
0.12
0.18
0.14
0.25
0.03
0.03
0.16
0.34
0.13
0.02
3.18a ±
2.88b ±
2.92b ±
3.26a ±
2.84b ±
2.72c ±
0.27d±
0.28d ±
0.32d ±
0.27d ±
0.23d ±
0.25d ±
0.42
0.40
0.44
1.38
0.32
0.27
0.20
0.38
0.48
0.35
0.18
0.30
±
±
±
±
±
±
±
±
±
±
±
±
16.24a
15.49b
15.36b
12.66c
11.13d
10.80d
1.42f
1.48f
1.37f
1.47f
1.64e
1.65e
4.56
2.85
2.08
4.97
9.28
3.93
4.19
5.26
2.51
8.06
7.93
7.47
±
±
±
±
±
±
±
±
±
±
±
±
Means followed by common letter(s) in a column did not differ signiﬁcantly at P \ 0.05 by Duncan multiple range test.

61.34a
60.62a
59.87a
60.84a
62.61a
59.94a
57.20a
56.30a
57.20a
55.80a
52.00b
43.90c
0.75
0.83
0.84
0.76
0.72
0.62
0.43
0.39
0.45
0.26
0.39
0.37
9.16a ±
9.08a ±
8.99a ±
8.93a ±
8.67b ±
8.74b ±
8.55b±
8.37b ±
8.16c ±
8.31a ±
8.10c ±
8.09c ±
1.06
0.49
0.85
1.50
0.71
0.69
0.69
0.78
0.76
0.57
0.91
0.63
±
±
±
±
±
±
±
±
±
±
±
±
9.84a
9.07a
9.50a
9.25a
9.40a
9.06a
9.44a
8.98a
8.83b
9.22a
8.91b
8.43c
1.67
1.95
1.53
1.38
1.39
1.25
1.63
1.66
1.42
1.56
1.56
1.56
9.20a ±
9.05a ±
8.45b ±
8.30b ±
8.40b ±
8.25b ±
8.55b ±
8.65b±
8.60b ±
8.53b ±
8.65b ±
8.42b ±
4.20
2.30
3.41
3.45
2.68
2.23
2.65
2.13
2.66
2.50
2.83
3.26
85.00a ±
85.08a ±
84.21b ±
84.16b ±
84.24b ±
84.03b ±
79.57c ±
77.85d ±
75.64e ±
75.86e±
74.06f ±
74.58f ±
7.94
6.70
3.81
4.34
5.51
5.13
5.90
5.42
4.91
6.41
4.25
4.13
±
±
±
±
±
±
±
±
±
±
±
±
60.27a
57.87b
58.73b
57.40b
54.20c
53.93c
58.47b
58.73b
56.33b
54.46c
54.62c
52.07c
3.78
2.58
3.07
2.58
6.63
4.12
2.58
2.82
3.65
1.91
3.41
2.58
±
±
±
±
±
±
±
±
±
±
±
±
83.50a
81.50b
79.50c
78.50c
77.50d
78.50c
75.00d
76.00d
78.00c
73.50e
74.50e
75.00d
Control
50 Gy
100 Gy
150 Gy
200 Gy
250 Gy
Control
50 Gy
100 Gy
150 Gy
200 Gy
250 Gy
BG1346501

Cultivar

Meghna-2

b-carotene
content (mg/100
g)
Total chlorophyll
content (mg/100 g )
Fruit weight
(g)
Fruit
diameter
(cm)
Fruit length
(cm)
Leaf number
per vine
Pollen
viability (%)

Biological damage due to exposure to c radiation was carried
in M2 generation of two widely divergent genotypes Meghna2 and BG-1346501. No signiﬁcant reduction in seed germination of both genotypes in M2 generation occurred. An
average of 5.27% reduction in germination over ﬁve c radiation doses recorded in dark green-fruited genotype, Meghna2, while statistical similarity observed between control plant
and BG-1346501 (table 2).
Reduction in vine length in M2 generation varied with the
genotype. An average of 6.38% reduction in vine length over
ﬁve c radiation dose recorded in Meghna-2, while 5.52%
reduction in BG-1346501. Signiﬁcant (P \ 0.05) reduction
in vine length observed in Meghna-2 and BG-1346501,
treated at 200 and 250 Gy doses over control. The average
reduction in vine length over ﬁve doses of c radiation with
respect to control was 5.95% as against average of 7.81%
decrease in M1 generation (table 2), indicated that comparatively less injury was inﬂicted in plants of M2 generation of
these two genotypes.
No signiﬁcant reduction in pollen viability occurred in M2
generation of both genotypes. An average of 4.99% reduction in pollen viability over ﬁve c radiation dose recorded in
BG-1346501 while statistical similarity was observed
between Meghna-2 and control plant. In M1 generation,
average reduction in pollen viability in Meghna-2 (10.11%)
and BG-1346501 (11.35%) was almost same. Signiﬁcant
reduction in pollen viability recorded in BG-1346501, treated at 200 and 250 Gy doses over control (table 2). The
average reduction in pollen viability over ﬁve doses of c

Vine length
(cm)

Biological damage in M2 generation

Seed
germination
(%)

conspicuous. However, in Selection-1, average b-carotene
content in immature fruit increased with respect to control
plant. Special Boulder and Meghna-2 did not show signiﬁcant reduction in b-carotene content in immature fruit with
respect to control. Signiﬁcant reduction (P \ 0.05) in
b-carotene content in immature fruit recorded in BG1346501 treated at 200 and 250 Gy doses over control. The
average reduction in b-carotene content in fruit over ﬁve
doses of c radiation with respect to control was 6.08%. In
Selection-1, b-carotene content in fruit increased by 7.51%
with respect to control while, b-carotene content in fruit
reduced maximum to the tune of 17.68% in BG-1346501
followed by 6.36% in Special Boulder and 4.89% in
Meghna-2 (table 1).
Signiﬁcant (P \ 0.05) reduction in ascorbic acid content
in fruit occurred in Selection-1, Special Boulder and
Meghna-2 treated at 250 Gy dose over control. The average
per cent reduction in ascorbic acid content in fruit over ﬁve
doses of c radiation with respect to control was very low
(2.17%). Ascorbic acid content in fruit reduced maximum to
the tune of 3.24% in Selection-1 followed by 2.54% in
Special Boulder, 1.75% in Meghna-2 and only 0.96% in BG1346501 (table 1).

Ascorbic acid
content (mg/100 g)

Subhramalya Dutta et al.

c
radiation
dose
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Table 2. Effect of c radiation on growth, reproductive and fruit quality traits in M2 generation of two selected bitter gourd cultivars.
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radiation with respect to control in M 2 generation was
only 2.81% as against average of 11.18% in M1
generation.

Variation in M2 generation for growth, reproductive and fruit
quality characters

The M2 generation of two widely divergent genotypes
Meghna-2 and BG-1346501 was screened critically as it was
expected to be the most variable population and all variants
were expected to express themselves.
Signiﬁcant (P \ 0.05) reduction in leaf number per vine
was recorded only in Meghna-2, treated at 250 Gy dose
over control. An average of 7.71% reduction in leaf
number over ﬁve c radiation doses was recorded in
Meghna-2 while statistical similarity was observed between
control plant and BG-1346501. In M1 generation, average
reduction in leaf number per vine was higher in Meghna-2
(6.11%) and BG-1346501 (13.71%) (table 2), which suggested that extent of carrying forward the biological damage in M2 generation was dependent on the genotype. The
average reduction in leaf number per vine over ﬁve doses
of c radiation with respect to control in M2 generation was
only 3.92% as against 9.51% in M1 generation.
No signiﬁcant reduction in fruit length occurred in M2
generation of Meghna-2, however, signiﬁcant reduction
observed in BG-1346501 treated at 250 Gy dose over control. An average of 5.93% and 5.99% reduction in fruit
length over ﬁve c radiation doses recorded in Meghna-2 and
BG-1346501, respectively over control (table 2). In M1
generation, average reduction in fruit length was higher in
Meghna-2 (12.09%) and BG-1346501 (10.11%). The average reduction in fruit length over ﬁve doses of c radiation
with respect to control in M2 generation was only 5.97% as
against 7.92% decrease in M1 generation.
No signiﬁcant reduction in fruit diameter recorded in M2
generation of Meghna-2, however, signiﬁcant reduction
occurred in BG-1346501, treated at 100, 200 and 250 Gy
doses over control. An average of 3.03% and 4.02%
reduction in fruit diameter over ﬁve c radiation doses
recorded in Meghna-2 and BG-1346501 over control
(table 2). In M1 generation, average reduction in fruit
diameter was higher in Meghna-2 (11.83%) and BG1346501 (6.87%). The average reduction in fruit diameter
over ﬁve doses of c radiation with respect to control in M2
generation was only 3.52% as against 8.94% in M1
generation.
No signiﬁcant reduction in fruit diameter recorded in M2
generation of Meghna-2, however, signiﬁcant reduction
occurred in BG-1346501, treated at 250 Gy dose over control. An average of 0.92% and 7.27% reduction in fruit
weight over ﬁve c radiation doses recorded in Meghna-2 and
BG-1346501, respectively over control (table 2). In M1
generation, average reduction in fruit diameter was higher in
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Meghna-2 (5.23%) while in BG-1346501 it was almost same
(7.31%) as that of M2 generation. It suggested that extent of
carrying forward the biological damage in M2 generation
was dependent on the genotype. The average reduction in
fruit weight over ﬁve doses of c radiation with respect to
control in M2 generation was only 3.98% as against 6.38%
in M1 generation.
Signiﬁcant (P \ 0.05) reduction in total chlorophyll
content of immature fruit occurred in Meghna-2, treated at
150, 200 and 250 Gy doses over control. On the other
hand, total chlorophyll content in immature fruit of BG1346501 increased signiﬁcantly with the dose of c radiation. Signiﬁcantly higher total chlorophyll content recorded in BG-1346501, treated at 200 Gy and 250 Gy doses
over control, which might have happened due to stimulatory effect of low doses of gamma radiation on
chlorophyll content. In M2 generation, average of 19.41%
reduction in total chlorophyll content over ﬁve c radiation
doses recorded in Meghna-2, while 7.18% higher mean
chlorophyll content observed in BG-1346501 than control
plant (table 2). In M1 generation, average reduction in
chlorophyll content was lower in Meghna-2 (6.14%) while
in BG-1346501 it was higher (17.62%) than recorded in
M2 generation.
No signiﬁcant reduction in b-carotene content of immature fruit occurred in M2 generation of both genotypes.
Average of 8.05% reduction in b-carotene content over ﬁve
c radiation doses recorded in Meghna-2, while statistical
similarity observed between control and BG-1346501
(table 2). In M1 generation, average reduction in b-carotene
content was comparatively lesser in Meghna-2 (4.89%) but
much higher in BG-1346501 (17.68%). The average
reduction in b-carotene content over ﬁve doses of c radiation
with respect to control in M2 generation was 7.21% as
against 6.08% in M1 generation.
In Meghna-2 ascorbic acid content of immature fruit
decreased with the increase in dose of c radiation. Signiﬁcantly lower ascorbic acid content recorded in Meghna2, treated at 250 Gy dose over control. On the other hand,
ascorbic acid content in immature fruit increased with the
dose of c radiation in BG-1346501. Signiﬁcantly higher
ascorbic acid content recorded in BG-1346501, treated at
100 Gy dose over control. In M2 generation, average of
only 1.88% reduction in ascorbic acid content over ﬁve c
radiation dose recorded in Meghna-2, while it appeared at
par between control and BG-1346501 (table 2). In M1
generation, average reduction in ascorbic acid content was
also very low in Meghna-2 (1.75%) and BG-1346501
(0.96%). The result indicated the possibility of getting
segregate with higher ascorbic acid content in fruits of M2
generation. The average reduction in ascorbic acid content
over ﬁve doses of c radiation with respect to control in
M2 generation was only 1.24% as against 2.17% decrease
in M1 generation, which indicated that ascorbic acid
biosynthesis pathway was least affected by c radiation
exposure.
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Spectrum of mutation

In M2 generation, a few plants with conspicuously
changed phenotype, particularly of fruit characters and
sex form could be recorded through meticulous examination of the plants on the basis of the set of qualitative
characters for the particular parental genotype. Different
qualitative characters recorded to document the deviation with respect to the parental genotype were growth
habit, leaf colour, tendril character, sex form, male
sterility/fertility, fruit colour, fruit shape and tubercle
character. No chlorophyll deﬁcient mutants (both viable
and nonviable) in M2 progenies could be recorded in
this investigation.
Spectrum of mutation was very low, although it varied
with the genotypes. Number of putative mutants that could
be identiﬁed in M2 generation consisting of 150 plants in
each radiation dose (total 750 plants per genotype) was
altogether ﬁve in the dark green-fruited genotype, Meghna-2
(table 3) and only three in the whitish yellow-fruited genotype, BG-1346501 (table 3).
The spectrum of macro mutations increased, although in
inconsistent manner with the increasing doses of c radiation.
In Meghna-2, two putative macro mutants each could be
selected from the M2 population of 200 and 250 Gy doses,
while one emerged from the M2 population of 150 Gy dose.
In BG-1346501, one putative macro mutant each could be
selected from the M2 population of 100, 200 and 250 Gy
doses.
Total mutation frequency

The average mutation frequency was very low in Meghna-2
(0.67%) and BG-1346501 (0.40%) (table 3) mainly because
only a few number of plants in M2 generation showing

distinct deviation with respect to the set of characters of the
parental genotype was considered as putative macro mutants
and any form of chlorophyll deﬁcient mutants could not be
isolated in both the genotypes.

Mutagenic efﬁciency

It emerged beyond doubt that higher mutagen doses were
more efﬁcient in providing higher number of mutants in the
genotypes (table 3). However, it was recorded that the high
radiation dose that provided the higher mutation frequency
and rates also induced lethality, sterility and other undesirable effects to a high degree.
Mutagenic efﬁciency considering both lethality and
sterility was highest in Meghna-2 at 200 Gy dose of c
radiation (2.60 and 4.73 in terms of lethality and sterility,
respectively) while in BG-1346501 at 100 Gy dose of c
radiation (1.67 and 2.68 in terms of lethality and sterility,
respectively). It emerged that efﬁciency of lower doses of
c radiation was more compared to the higher doses in
producing desirable mutants (table 3).

Mutagenic effectiveness

The degree of effectiveness of mutagen and the response of
the genotypes was variable. Mutagenic effectiveness in
Meghna-2 increased in 200 Gy radiation dose but decreased
in 250 Gy dose, while in BG-1346501 the mutagenic
effectiveness consistently decreased with increasing dose of
radiation. In Meghna-2, highest mutagenic effectiveness of
6.67 was recorded in 200 Gy radiation dose, while in BG1346501 highest mutagenic effectiveness of 6.67 was
recorded in 100 Gy radiation dose (table 3).

Table 3. Assessment of mutagenic effectiveness and mutagenic efﬁciency in M2 generation of two selected bitter gourd cultivars.

Cultivar
Meghna-2

BG-1346501

Mutagenic
effectiveness

Mutagenic
efﬁciency

Dose

M2 plant
population

No. of M2
plants
mutated

Mutation
frequency
(Mf)

Lethality
(L)

Sterility
(S)

Mf 100
Dose (KRad)

Mf 100
L

Mf 100
S

Control
50 Gy
100 Gy
150 Gy
200 Gy
250 Gy
Control
50 Gy
100 Gy
150 Gy
200 Gy
250 Gy

150
150
150
150
150
150
150
150
150
150
150
150

1
2
2
–
–
1
–
1
1

–
0.67
1.33
1.33
–
–
0.67
–
0.67
0.67

35.85
40.67
42.67
45.34
51.34
55.34
39.25
34.67
39.84
45.34
48.67
56.67

15.78
17.16
19.79
23.84
28.17
32.53
21.87
23.26
24.92
31.09
32.44
41.98

–
–
4.44
6.67
5.33
–
–
6.67
–
3.33
2.67

–
–
1.47
2.60
2.41
–
–
1.67
–
1.37
1.18

–
–
–
2.80
4.73
4.10
–
–
2.68
–
2.06
1.59

High
Medium
High

High

0.156
42.35
0.297
43.84
0.272
42.47

0.356
44.67

6.86
5.65
49.53
1.63
8.78
7.56
62.58
2.17
9.44
8.25
67.28
1.47

7.46
7.75
58.73
2.15

Monoecious
Faint greenish-white
Roundish-spindle
Smooth, roundish
and blunt prickle
Monoecious
Yellowish-white
Roundish-oblong
Prominent roundish
and blunt prickle
Monoecious
Faint yellowish-white
Cylindrical-obtuse
Only light ridges
with inconspicuous
prickle
Monoecious
Whitish-yellow
Obtuse
Light ridges and less
prominent, blunt
and roundish
prickle

Less
Less
Less

Less

2.63
58.38
2.82
56.19
2.88
61.32

3.29
62.34

8.93
7.86
55.37
12.67
4.39
5.26
8.37
13.28
10.43
8.46
68.23
14.32

Quantitative trait
Fruit length (cm)
Fruit diameter (cm)
Fruit weight (g)
Total chlorophyll (mg/
100 g)
b carotene (mg/100 g)
Ascorbic acid (mg/100
g)
Charantin content

9.27
8.66
61.34
15.24

Gynoecious
Dark green
Roundish-spindle
Sharp tubercles
Qualitative trait
Sex form
Fruit colour
Fruit shape
Prickliness

Monoecious
Dark green
Spindle
Deep and
sharp
tubercles

Monoecious
Dark green
Club shaped-spindle
Big, sharp and blunt
tubercles together

Monoecious
Light green
Spindle
Big and small,
blunt tubercles
together

M2- BG-1346501250Gy-10
BG-1346501
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Charantin was isolated by high-performance thin layer
chromatography method at the laboratory of Food Technology Division, Bhabha Atomic Research Centre, Mumbai,
India. Analytical HPTLC analysis of methanolic extract of
fruits of bitter gourd showed the presence of charantin with
Rf value of 0.31 at 536 nm wave length as per the previous
report of Shanmugapriya and Poornima (2014). In earlier
reports, charantin was detected with Rf value of 0.71 at 525
nm wave length (Ahamad et al. 2014) and with Rf value of
0.45 using methanol : benzene (2:8, v/v) as mobile phase
(Patel et al. 2010).
Charantin content varied widely between the dark greenfruited genotype Meghna-2 and whitish-yellow fruited
genotype, BG-1346501. Maximum amount of charantin was
found in white-fruited genotype BG-1346501 while it was
low in Meghna-2 having the highest chlorophyll content in
immature fruit. High charantin content could not be recorded
in any putative mutant of Meghna-2 while two putative
mutants of BG-1346501, namely M2-501-100Gy-6 and M2501-200Gy-2 showed high charantin content, however, the
content needed to be quantiﬁed utilizing proper standard
chemical.

Characterization of macro follow for all mutants in M3
generation

M2-Meghna-250
Gy-20

M2-Meghna-150
Gy-1
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Variation in charantin content of the putative mutants in M2
generation

M2-Meghna-200Gy14
Meghna-2
Character

Table 4. Variation in qualitative and quantitative traits of two bitter gourd cultivars and their respective putative mutants.

M2- BG-1346501100Gy-6

M2- BG-1346501200Gy-2

Applied mutagenesis could improve economically important traits

Of the ﬁve putative macro mutants isolated in M2 populations of the dark green-fruited genotype, Meghna-2, three
have been found promising, rest two did not show any
conspicuous difference from the parental material in M3
generation, hence dropped for further investigation. Three
promising macro mutants also isolated from whitish-yellow
fruited genotype, BG-1346501 based on sex form, fruit
colour, fruit shape, prickliness, fruit length, diameter and
weight were characterized through evaluation in M3 generation considering 11 qualitative, growth, physiological, fruit
yield components, nutrient and phyto-medicine contents
(table 4).

Discussion
The germination percentage showed a relationship with
dose, which decreased with the increase in dose of the
mutagenic treatments. Low seed germination percentage
with increasing doses of gamma irradiation has been
reported in other vegetables like okra (Dhankhar and
Dhankhar 2004), lima bean (Kumar et al. 2003), and
cowpea (Gaur et al. 2003). All the mutagenic treatments
showed inhibitory effect on seed germination in M1 generation which might have happened due to several reasons
such as adverse effect on cytochrome oxidase content, thus
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reducing the respiration rate (Swaminathan et al. 1962),
drastic distortion of the actively dividing phase (Singh and
Singh 1989), damage of cell constituents at molecular level
(Khan and Goyal 2009), interference in the synthesis of
enzyme and acceleration in the degradation of existing
enzyme (Yusuf and Nair 1974). Reduction of shoot length
in M1 generation is cultivar speciﬁc which indicated the
implication of genetic architecture of plant in manifesting
tolerance to the exposure of c radiation. The reduction in
shoot length may be attributed to damage to the process of
cell division and cell elongation as a result of mutagenic
treatment (Iqbal 1969; Asare et al. 2017). There are signiﬁcant (P \ 0.05) genotypic differences with respect to
pollen fertility in M1 generation due to exposure of c
radiation which has been attributed to chromosomal aberrations and cryptic deﬁciencies (Magri-Allegra and Zannone 1965). Three biological damage parameters (lethality,
injury and sterility) seemed to have been positively correlated because of the severity of damage inﬂicted to these
biological parameters corresponded closely, hence, tolerance level of genotypes to mutation can be judged based
on any of the three parameters.
The differences occurred in fertility of M1 plants were
considered as the measure of sensitivity of a genotype to
mutagen (Walter et al. 1987). It appeared that c radiation
dose ranging between 200 and 250 Gy would be helpful in
producing useful and exploitable mutants for further breeding programme in bitter gourd.
High levels of irradiation doses adversely reduced the
number of leaves. Production of the growth regulator,
kinetin, might have been stimulated, which may be
responsible for the increased number of leaves at low c
radiation dose. The effect of c radiation on reproductive
(fruit length, diameter and weight) characters in M1 generation was not so conspicuous, less than 10% average
reduction in these parameters agreed well with the observation of Jagajanantham et al. (2012) in okra. It has been
observed that fruit length, diameter and weight in bitter
gourd increased by 50–100 Gy exposure which may be due
to the fact that low doses of mutagens stimulate the role of
enzymes and growth regulators responsible for better
growth and improving yield component traits as recorded
in other crop (Asare et al. 2017). No remarkable changes
in immature fruit quality traits (chlorophyll, b-carotene and
ascorbic acid contents) upon c radiation recorded in M1
generation. The result indicated that chlorophyll deﬁciency
condition in fruit increased vulnerability of genotype to c
radiation for reduction in both total chlorophyll and bcarotene contents in fruit, however, such correspondence
was not evident for ascorbic acid content in immature fruit.
To the best of our knowledge no previous studies have
been documented so far in bitter gourd to support our
ﬁndings. Isolation of high chlorophyll mutant in tomato
was also reported earlier by 100 Gy c radiation (El-Sayed
et al. 1994) which correspond to the present ﬁndings. The
exaggerated photo-responsiveness as manifested by high

chlorophyll content in bitter gourd fruit might be responsible for enhanced carotenoid particularly b-carotene content in immature fruit. Our previous study on applied
mutagenesis of tomato also revealed that lower doses of c
radiation (50–250 Gy) is the most effective mutagenic
treatment for inducing broad spectrum of viable mutation
in tomato and induced mutation could alter a number of
fruit quality traits (Sikder et al. 2016).
Biological damage due to exposure to c radiation was
determined in terms of lethality (reduction in germination),
injury (reduction in vine length) and sterility (reduction in
pollen viability) in M2 generation. No signiﬁcant reduction
occurred in seed germination and pollen viability of both
divergent genotypes Meghna-2 and BG-1346501 in M2
generation. The comparative biological damage in M1 and
M2 generations clearly indicated that exposure to c radiation
caused comparatively more damage in M1 generation,
however little damage particularly in vine length was
inﬂicted in M2 generation under low dose of c radiation.
The average per cent reduction in leaf number per vine,
fruit length, diameter and weight upon c radiation was
comparatively less in M2 generation than M1 generation.
Our study also suggested that extent of carrying forward the
biological damage in M2 generation was dependent on the
genotype. Gamma irradiation particularly in higher doses
resulted in greater destruction of chlorophyll content probably due to disturbance of its biosynthesis or degradation of
its precursors. Gamma irradiation had also negative inﬂuence on the biosynthesis of carotenoids but it was much
lesser than that of chlorophyll content. Stimulatory effect of
low doses of gamma irradiation on total chlorophyll, bcarotene and ascorbic acid contents has been found
encouraging opens up the possibility of isolating segregates
in M2 generation with enhanced nutrient contents.
The mutational event may be accompanied by a large or
small change in phenotypes, classiﬁed as macro mutants and
micro mutants (Gaul 1964; Swaminathan 1965) and such
changes have the highest signiﬁcance in plant breeding
(Brock 1970). The spectrum of mutation is essentially a
parameter for the index of mutation frequency (Datta and
Biswas 1985). No chlorophyll deﬁcient mutants in M2 progenies could be identiﬁed which might have occurred due to
exposure of the seeds to comparatively low dose of c radiation. The number of putative mutants identiﬁed in M2
generation was genotype speciﬁc indicating variation in
mutability in the allelic cites of different genotypes. In this
investigation, total mutation frequency did reﬂect the spectrum of mutation because of nonoccurrence of chlorophyll
deﬁcient mutants in M2 population. Hence, both mutation
spectrum and frequency is important to ascertain the genetic
variation that is going to occur for selection in M2 or M3
generations. In mutation breeding programme, any mutagenic treatment which produces higher mutation frequency
concomitant to cause higher damage is not desirable as it
results in multiple mutations and other drastic effects
reducing the yield potentials of the mutants. It is therefore,
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Figure 1. Two promising putative mutants.

desirable to induce high mutation rates with least accompanying deleterious effects. Mutagenic efﬁciency is deﬁned
as the production of desirable changes, which are free from
associations with undesirable genetic alterations. This is
generally measured by the proportion of the mutation frequency in relation to damages associated to mutagenic
treatments such as: height reduction, chromosomes breakages, sterility, lethality, etc. (Konzak et al. 1965; Gaul et al.
1972) hence, mutagenic efﬁciency gives an idea of the
proportion of mutation in relation to deleterious effects of
the mutagen. The higher efﬁciency of a mutagen indicates
relatively less biological damage in relation to mutations
induced (Jain and Khandelwal 2009) and all treatments
which yielded the highest mutagenic frequency might not
confer the highest mutagenic efﬁciency. In the present study
mutagenic efﬁciency decreased with an increase in dose of
mutagens because lethality increased with the mutagen level
and this ﬁnding is in line of the earlier reports (Sakin and
Sencar 2002; Sikder et al. 2013). Mutagenic effectiveness is
deﬁned as a measure of frequency of mutation induced by a
unit of mutagen. Relatively higher mutagenic efﬁciency at
lower dose of mutagen as recorded in the present investigation was also recorded earlier in different crops
(Panchabhaye 1997; Kharkwal 1998; Kashid 2004; Kumar
et al. 2007; Sikder et al. 2013) which could be ascribed to
the lesser percentage of injury at such doses. Lower doses of
c radiation (100–200 Gy) proved to be the most effective for
inducing broad spectrum of viable mutation in bitter gourd.
Several studies indicated that charantin is a potential
substance with anti-diabetic properties (Krawinkel and
Keding 2006) and could be used to treat diabetes (Pitipanapong et al. 2007). Several studies on different animal

models also proved the hypoglycaemic activity of bitter
gourd (Jayasooriya et al. 2000; Fernandes et al. 2007)
which improves blood sugar levels by increasing glucose
uptake and glycogen synthesis in the liver, muscles and fat
cells (EeShian et al. 2015; Shuba et al. 2018). Two
putative mutants of BG-1346501, namely M2-501-100Gy-6
and M2-501-200Gy-2 showed high charantin content in the
present study. No work has so far been documented on
enhancing charantin content through applied mutagenesis.
Of the six putative macro mutants isolated from two genotypes, two putative mutants, namely M2-Meghna-250Gy-20
and M2-1346501-100Gy-6 showed ample promise for further utilization in breeding programme (ﬁgure 1).
The present investigation on improving economically
important traits through induced mutagenesis proved to be a
viable option for the development of new hybrid/variety of
bitter gourd with enhanced nutritional value. Isolation of two
promising putative mutants from M3 generation, one having
gynoecious sex form with high b-carotene and ascorbic acid
contents could be utilized for development of commercial
hybrids, and another with high charantin content and
appreciable b-carotene and ascorbic acid contents could be
utilized, after conﬁrming mutant stability, for the development of breeding lines with enhanced phyto-medicine and
nutrient contents.
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