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ABSTRACT

Major objective of the present work was to induce haploid plants in Cucumis melo var.
conomon cv. Mudicode (Common name: Kani vellari). Ovules of Kani vellari plants were
collected one day before anthesis and were cultured in vitro on MS medium
supplemented with IAA, IBA, NAA, 2, 4-D, KN, BAP, TDZ and 2-iP (1.0, 2.0 and 5.0 µM)
and BAP/TDZ/KN (1.0, 2.0 and 5.0 µM) in combination with IAA, IBA, NAA, 2, 4-D (1.0,
2.0 and 5.0 µM). The cultured ovules involved in callus induction and an optimum quantity
of 93.15 mg of callus from cultured ovules was obtained on the MS medium fortified with 1
µM BAP + 2 µM NAA. The callus induced on medium supplemented with 1 µM BAP+2 µM
NAA was subcultured on MS medium supplemented with 5 µM BAP was involved in shoot
organogenesis and developed a maximum of 5.55 shoots. The rooting of the regenerated
shoots was achieved on MS medium supplemented with 1 µM IAA. Cytological analysis of
the root tips of regenerated plants confirmed their haploid nature.
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ABBREVIATIONS

BAP = 6-benzylaminopurine; 2, 4-D = 2, 4-diclorophenoxy acetic acid; IAA = Indole-3-acetic
acid; IBA = Indole-3-butyric acid; KN = kinetin; MS = Murashige and Skoog medium; NAA =
Naphthalene acetic acid; 2-iP = N6-2-isopentenyl adenine; TDZ = thidiazuron.

1. INTRODUCTION

Melons (Cucumis melo l.; 2n=24; Cucurbitaceae) are a diverse group of fresh, dessert fruits
that includes the orange flesh cantaloupes, the green flesh honeydew and the mixed
melons. Cucumis melo var. conomon is considered to be the most ancient form of melon
domesticated in China [1,2], and is also held that it had originated from wild melon (var.
Agrestis) in China [2]. It is cultivated in Asia particularly in India, China, Japan, Korea and
Southeast Asia. Cucumis melo var. conomon is popularly known as ‘kani vellari’ in Kerala
state, India. Both mature and immature fruits are eaten raw or cooked, pickled or made into
sweets and juice.

Pure lines are considered to be a first step in the genetic improvement of vegetable crops.
Pure lines can be obtained in a short time by in vitro anther or ovule culture. The
morphogenesis occurring in gametophytic cells is remarkably efficient for the production of
pure lines and detection of mutation. According to Guis et al. [3] and Nunez-Palenius et al.
[4] the production of haploids through androgenesis has not been successful in melon
plants. Studies have been conducted on gynogenic plant regeneration in C. melo via ovule
or ovary culture by Ficcadenti et al. [5] and also haploid, diploid and mixoploids plant
regeneration was reported. However, the induction of parthenogenetic development of the
egg cell by pollination with irradiated pollen followed by haploid embryo rescue was first
reported successfully in Cucumis melo var. cantalupensis by Sauton and Dumas de Vaulx
[6]. Subsequently, haploid plant regeneration was reported in different cultivars of melon
using the irradiated pollen [7-14]. Nonetheless, successful haploid plant regeneration via
ovule or ovary culture or parthenogenetic embryo culture depends upon genotype, culture
medium and supplementation of growth regulators to culture medium [15]. Haploid induction
was attempted in Indian cultivars of melon (snapmelon and culinary melon) by Godbole and
Murthy [8, 9], yet, frequency of haploid plant regeneration was very low. In the present study
in vitro ovule culture in Cucumis melo var. conomon cv. Mudicode has been attempted and a
successful haploid production is reported here.

2. MATERIALS AND METHODS

2.1 Plant Material

Germplasm of Cucumis melo var. conomon cv. Mudicode was collected from Kerala
Agricultural University, Trissur, India and plants were raised in the experimental garden,
Department of Botany, Karnatak University, Dharwad, India.

2.2 Ovule Culture and Plant Growth Regulator Treatment

Unpollinated ovaries were harvested one day before anthesis. The ovaries were surface
sterilized using 70% ethanol for 3 mins, followed by 2 min soaking in 0.1% mercury chloride
and thorough rinsing in sterile distilled water for three to four times. Individual ovules were
isolated from the ovaries under ZEISS (Stemi 2000-C) strereozoom microscope and cultured
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onto the MS semisolid medium supplemented with 3% sucrose and plant growth regulators
like IAA, IBA, NAA, 2, 4-D, KN, BAP, TDZ and 2-iP (1.0, 2.0 and 5.0 µM) individually and
BAP/TDZ/KN (1.0, 2.0 and 5.0 µM) in combination with 2, 4-D/NAA/IBA (1.0, 2.0 and 5.0
µM). The pH of the medium was adjusted to 5.8 before autoclaving at 121ºC for 20 min and
solidified with 8.0 g l-1 agar (HiMedia, Mumbai). Six ovules were cultured per culture tube
containing 20 ml of medium (150 × 25 mm; Borosil, Mumbai). The cultures were incubated at
25ºC ± 2ºC at 16 hours light (40 mmol m-2 s-1 PFD) provided by cool-white fluorescent lamps
(Phillips, New Delhi) and 8 hours dark. For each treatment 72 ovules were cultured (6 ovules
per culture tube, 12 replicates per treatment) and the experiments were repeated three
times. The number of ovules involved in callus induction was recorded at the end of eight
weeks. The callus derived from ovules on medium supplemented with 1 µM BAP+2 µM NAA
was cultured on MS medium supplemented with 1.0, 2.0, 5.0 and 10 µM BAP/TDZ/KN/2-iP
for shoot regeneration. Shoots regenerated from callus were cultured on MS medium
supplemented with 0.5, 1.0 and 2.0 µM NAA/IAA/IBA for induction of roots. Three replicates
were maintained for each treatment, shooting and rooting data were collected after eight
weeks of culture. The data were subjected to analysis of variance according to Duncan’s
multiple range tests.

2.3 Cytological Studies

Haploid nature of the regenerated plants was confirmed by cytological analysis of the root
tips. The root tips of regenerants were harvested and treated with an aqueous solution of 8-
hydroxyquinoline (2.0 mM) at room temperature for 4 h to improve chromosome spreading
and staining [16]. The pretreated root tips were fixed in Carnoy’s solution (3 parts ethanol: 1
part glacial acetic acid) for 24 h. Subsequently, the root tips were washed in water,
hydrolyzed in 1 N HCl at 60ºC for 10 min, stained with Feulgen reagent for 1 h and
squashed in 45% acetic acid for microscopic observation.

3. RESULTS AND DISCUSSION

The ovules cultured on the MS medium supplemented with individual growth regulators did
not show any response even after eight weeks of culture. Whereas, the ovules cultured on
MS medium supplemented with combinations of BAP/TDZ/KN (1.0, 2.0 and 5.0 µM) with 2,
4-D/NAA/IBA (1.0, 2.0 and 5.0 µM) induced callus from the ovule at the end of six weeks.
The combinations of BAP (1.0 and 5.0 µM) with NAA (1.0 and 2.0 µM), 2.0 µM KN+ 5.0 µM
NAA  and 2.0 µM TDZ +2.0 µM 2, 4-D yielded better results among the various combinations
tested and the results are represented in Fig. 1. The MS medium supplemented with
combination of 1 µM BAP+2 µM NAA was proved best for induction of callus from
unpollinated ovules (90.73%; Fig. 1), which produced a maximum of 93.15 mg of white,
friable non-embryogenic callus after eight weeks of culture. The non responding ovules dried
within four weeks. The cultured ovules became bulged and turned green at the end of 2
weeks of culture (Fig. 2A). Callogenesis was initiated at the micropylar end of the ovules
cultured on the MS medium supplemented with 1 µM BAP+2 µM NAA after six weeks and
proliferated within eight weeks (Fig. 2B). In vitro cultured ovules respond either by inducing
the embryogenic callus or non-embryogenic callus and subsequently leading to formation of
either embryos (embryogenesis) or organs (organogenesis) depending upon the growth
regulators supplemented to the culture medium [15]. Growth regulators, especially auxins or
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Fig. 1. Effect of combinations of cytokinins with auxins supplemented to MS medium
on induction of callus from cultured ovules

cytokinins have been used for induction of gynogenesis and their optimum
concentration/combination may vary considerably from species to species. Tang et al. [17]
obtained gynogenic haploids in maize on 2, 4-D supplemented medium whereas, Bhat and
Murthy [18] reported direct parthenogenetic embryo development in niger on medium
supplemented with NAA, whereas Lakshmi Sita and Ravindran [19] reported the production
of gynogenetic haploids in mulberry by using BAP or KN in the culture medium. In the
present study, induction of non-embryogenic callus was observed from the cultured ovules of
Cucumis melo var. Conomon cv. Mudicode only on the medium supplemented with
combinations of auxins and cytokinins (Fig. 1). Optimum callus was induced on the medium
supplemented with combination of 1 µM BAP+2 µM NAA. In concurrent with our results, a
combination of auxin and cytokinin was useful for gynogenesis in Allium species [20].
Bhagyalakshmi [21] found that neither NAA nor BAP alone supported caulogenesis in
saffron. Specific ratios of NAA and BAP supported, caulogenesis, whereas an increase in
NAA (up to 26.9 µM) progressively increased the percentage response, and higher levels of
BAP enhanced callus and subsequent shoot formation. Similarly, callus mediated plant
regeneration from unfertilized ovule culture was reported in maize, egg plant and Gerbera
jamesonii [22,23].

The non-embryogenic callus induced on medium supplemented with 1 µM BAP+2 µM NAA
was used for regeneration of shoots and callus was cultured on medium supplemented with
cytokinins (1.0, 2.0, 5.0 and 10.0 µM BAP/TDZ/KN/2-iP) and results are presented in Table
1. BAP was superior in induction of shoots from ovule derived callus and on medium
supplemented with 5 µM BAP optimum 5.55 shoots were developed from the callus. The
callus cultured on MS medium supplemented with 5 µM BAP initially turned green after two
weeks of subculture. Further, the green callus produced a number of shoots at the end of 4
weeks (Fig. 2C), which later developed into shoots at the end of eight weeks. Similar to the
present results 1 µM BAP in combination with 1µM 2-iP was proved responsive for shoot
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regeneration from leaf derived callus of C. melo [24]. Shoots with two to four leaves were
then subcultured onto the MS medium supplemented with IAA, IBA or NAA (0.5, 1.0 and 2.0
µM) for root induction. Optimum 3 roots were developed from shoots cultured on MS
medium with 1 µM IAA (Table 2; Fig. 2D). Effectiveness of IAA in rooting of shoots has been
reported in Cucurbita pepo [25].

Root tip analysis of regenerants showed haploid nmber of chromosomes (n = 12; Fig. 3A).
The diploid number being 2n=24 (Fig. 3B). Whiteker and Bemis [26] indicated that there are
ample of evidences that Cucumis melo have twelve pairs of chromosomes. However, small
size of the chromosomes in this genus makes troublesome to count accurately.

Table 1. Effect of different cytokinins supplemented to MS medium on shoot induction
from ovule derived callus of Cucumis melo var. conomon cv. Mudicode after eight

weeks of culture

*Mean values followed by same letters are not significantly different according to DMRT at p = 0.05.

Growth
regulators

Concentration
(µM)

% of response* Mean number of shoots*

BAP 1.0 0.00b 0.00b
2.0 0.00b 0.00b
5.0 94.44a 5.55a
10.0 0.00b 0.00b

TDZ 1.0 0.00b 0.00b
2.0 0.00b 0.00b
5.0 0.00b 0.00b
10.0 0.00b 0.00b

KN
1.0 0.00b 0.00b
2.0 0.00b 0.00b
5.0 0.00b 0.00b
10.0 0.00b 0.00b

2-iP
1.0 0.00b 0.00b
2.0 0.00b 0.00b
5.0 0.00b 0.00b
10.0 0.00b 0.00b
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Fig. 2. In vitro ovule culture of Cucumis melo var. conomon cv. Mudicode: A. Bulged
green ovule cultured on MS medium supplemented with 1 µM BAP + 2 µM NAA after 2
weeks of culture (Bar=0.2cm) B. Callus developed after six weeks of culture on the MS
medium supplemented with 1 µM BAP + 2 µM NAA (Bar=0.1cm) C. Green shoots after

4 weeks after subculture on the MS medium supplemented with 5 µM BAP
(Bar=0.23cm) D. Rooting of shoots after eight weeks of culture on the MS medium

supplemented with 1 µM IAA (Bar=0.62cm)

Table 2. Effect of auxins supplemented to MS medium on in vitro rooting of shoots of
Cucumis melo var. conomon cv. Mudicode after eight weeks of culture

Growth regulators Concentration
(µM)

No. of shoots
cultured

Mean number of
roots*

NAA
0.5 3 0.00b
1.0 3 0.00b
2.0 3 0.00b

IAA
0.5 3 0.00b
1.0 3 2.22a
2.0 3 0.00b

IBA
0.5 3 0.00b
1.0 3 0.00b
2.0 3 0.00b

*Mean values followed by same letters are not significantly different according to DMRT at p = 0.05
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Fig. 3. Cytological analysis of Cucumis melo var. conomon cv. Mudicode: A. Cytology
of haploid plant showing 12 chromosomes (Bar=0.009cm) B. Cytology of controlled

plant showing 24 chromosomes (Bar=0.009 cm)

4. CONCLUSION

In vitro haploid production reported in several species depended upon growth regulators,
especially auxins and/or cytokinins and their optimum concentration in induction of haploid
plants. In the present study, 90.73% of the ovules cultured on MS medium supplemented
with 1 µM BAP and 2 µM NAA produced the callus, thus increasing the rate of haploid
production when subcultured onto MS medium supplemented with 5 µM BAP by producing
5.55 shoots. In conclusion, the methodology developed here is simple and could be used for
the production of haploids/double haploids for breeding programme of this cultivar.
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