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ABSTRACT

Within the framework of genetic improvement of a Tunisian Snake-melon (Cucumis melo L.) cultivar by biotechnological methods, we
developed a method leading to the regeneration of whole plants by in vitro culturing of hypocotyl and cotyledon explants, seeds without
one cotyledon or with quartile cotyledons, and the embryonic axis, on Murashige and Skoog (MS) medium with different combinations
and concentrations of auxin and cytokinin. The percentage of caulogenesis varied with the source of the explant and the composition of
the plant growth regulator. The highest percentage of caulogenesis (64.4%) was observed in embryonic axes cultivated on MS with 0.5
mg 1" 2,4-D and 1 mg I"' BAP. Rooting of buds occurred on MS containing 0.5 mg I NAA. As soon as roots appeared, the plantlets were
transferred into pots, and 80% survival was recorded. The origin of shoots was investigated by histological observation. In addition, the

uniformity of regenerated plants was checked by polymorphism analysis of six isozymes by starch gel electrophoresis.
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Abbreviations: BAP, 6-benzylamino purine, 2,4-D, 2,4-dichlorophenoxyacetic acid, NAA, o-naphthaleneacetic acid; MS, Murashige

and Skoog medium (1962); PGR, plant growth regulator

INTRODUCTION

Cucumis melo var. ‘Flexuosus’ is susceptible to several
viral and fungal diseases that severely limit yield and for
which adequate levels of native resistance are not available
(Trionfetti et al. 2002; Kuzuya et al. 2003). These patho-
gens affect the yield, and most of the resistance to these
diseases is polygenic (Epinat ef al. 1993). Gene resistance
against these biotic stress factors can be found in wild spe-
cies (Pitrat and Risser 1992).

However, the application of conventional plant breed-
ing techniques is very slow and relatively ineffective, and is
strongly limited because of interspecific incompatibility
(Aegerter et al. 2000). Amelioration attempts by several
institutions have been limited by constraints based mainly
on classical selection methods (self-pollination of geno-
types, etc.) and have addressed only a small number of cha-
racteristics such as resistance to cryptogrammic diseases.
Artificial pollination techniques, however, are costly, al-
though effective and interesting. This method of hybridiza-
tion is limited by interspecific and intergeneric barriers
(Deabeaujon and Branchard 1992; Gui ef al. 2000). Actu-
ally for genetic transformation it is necessary an efficient in
vitro protocol that permits plant regeneration. The protocol
can be via direct or indirect organogenesis (Niedz et al.

1989; Chee 1991), or somatic embryogenesis (Homma et al.

1991; Kageyama et al. 1991) via cell and in vitro cultured
tissues. The main point is to obtain plants.

In vitro regeneration of entire plants in Cucumis melo L.
was achieved using cotyledons (Stipp et al. 2001), hypo-
cotyls and some leaves (Debeaujon and Branchard 1992;
Gray et al. 1993; Nakagawa et al. 2001; Hanana et al.
2002) or from protoplasts and suspended cells (Halit and
Nebahat 2003). The in vitro regeneration of plants by caulo-
genesis or by somatic embryogenesis was dependent on the
genotype, the explant’s origin and the culture medium (Ori-

date et al. 1992; Gui et al. 2000; Nakagawa et al. 2001).

The Flexuosus Snake-Melon cultivar was selected by
INRAT (Tunisian National Institute of Agronomic Re-
search) for its yield and the possibility of including it as a
catch crop for the intensification of crops grown under glass.
However, this cultivar is sensitive to viruses, particularly to
CMV, at early stages of growth (Mnari ef al. 1989).

Establishing a plant regeneration protocol for this spe-
cies is the first step to obtain plants and in the second step
to wards introducing interesting foreign genes via trans-
genesis by Agrobacterium or biolistic and mutagenesis.
This technology will help to confer resistance to biotic
(fungi and viruses) stresses or to induce various traits by
somaclonal variation.

An efficient regeneration technique should take into
account complex factors that are highly correlated such as
the genotype, explant source, organ age, original source
plants and the culture conditions.

In this article, we describe the optimization of in vitro
regeneration of Cucumis melo L. cv. ‘Flexuosus’ by adven-
titious shoot regeneration from cotyledons, hypocotyls,
other parts of seeds and some embryogenic axes. We also
examined variation in the explants. For each explant, seve-
ral hormonal concentrations and combinations were tested.
The second part of this study consisted of the comparison
between regenerated plants and others issued from seed-
lings, using a biochemical approach based on the polymor-
phism analysis of enzymatic systems.

MATERIALS AND METHODS
Plant material
Cucumber (Cucumis melo L.) cultivar was used to evaluate shoot

regeneration. This cv is pure, genetically fixed lines, and was
obtained by self-pollination.
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Table 1 Effect of explant source and growth regulator combinations on induction of caulogenesis.

Media Growth regulators (mg. 1) Explants
2,4-D BAP A B C D E

Ml 0.5 1 0.081ac 0.280 a 0.360 a 0.403 b 0.644 a
M2 0.5 2.5 0.180 a 0.360 ab 0.180 b 0.291b 0.460 b
M3 1 1.5 0.306 b 0.122 ¢ 0.122b 0.307 ab 0.440 b
M4 1 2 0.122 ac 0.285 be 0.080 b 0.375 ab 0.470b
MS 2 0.5 0.117 ac 0.454 a 0.062 b 0333 a 0.420b
M6 2 1 0.036 ¢ 0.140 ¢ 0.113b 0.241b 0.166 ¢
M7 3 3 0.125 ac 0.146 ¢ 0.113b 0217 a 0.107 ¢

Data (percentage of explants producing shoots and number of shoots per explant) were collected after three weeks of culture. The results were calculated from four replicate
experiments, each with 100 explants per treatment. For each parameter, the values with different letters are significantly different (Duncan’s multiple range test).
A = cotyledons, B = hypocotyls, C = entire seeds without a cotyledon, D = entire seeds retaining a quarter of their cotyledons, E = embryogenic axes.

Origin and preparation of explants

We used five types of explants: cotyledons (0.5/0.5 cm) (explant
A), hypocotyls (0.5/0.5 cm) (explant B), entire seeds without a
cotyledon (explant C), entire seeds retaining a quarter of their
cotyledons (explant D) and some embryogenic axes (without coty-
ledons) (explant E). Cotyledons and hypocotyls were obtained
from week-old seedlings. The other explants were from dry seeds.

Mature seeds of Cucumis melo L cv. ‘Flexuosus’ were sur-
face-sterilized in 70% ethanol for 5 min, followed by immersion in
calcium hypochlorite (5% w/v) containing two drops of Tween-20
for 15 min. The seeds were rinsed three times with sterile water
following sterilization and sown in test tubes on MS (1962)
medium (containing 30 g I”" of sucrose and solidified with agar
(Kalys, HP 696) at 7.5 g 171).

Culture medium

Explants were cultured on MS medium (comprising macronut-
rients, micronutrients and vitamins used by Murashige and Skoog
1962) supplemented with different combinations of BAP (1-3
mg 1), 2.4 D (0.5-3 mg I'") and sucrose (30 g 1I"'). All media were
solidified with agar (8 g 1), adjusted to pH 5.8 by 0.1 N NaOH
and sterilized by autoclaving at 120°C and 1 kg cm™ for 20 min
(Table 1). Explants of 2-week-old seedlings were placed in con-
tact with the medium (25 ml) in 90 mm plastic Petri dishes (25 per
source). For each treatment the experiment was repeated three
times (n = 3).

Culture conditions

The cultures were incubated under a photoperiod of 14 h (100
umol m™ s™) provided by cool white fluorescent lamps, with a
22/19°C thermoperiod (light/dark) and 80% humidity. After three
weeks the cultures were transferred to new MS medium in which
the concentration of growth regulators was reduced to half that in
the induction period.

The number of explants with shoot buds was scored after two
weeks and the adventitious shoots formed per explant were coun-
ted. Well-developed shoots were separated and transferred to MS
medium with various doses of NAA (under the same conditions
used for germination). The rooted shoots were acclimatized under
a 16 h photoperiod at 50 mol. m™~ s~ provided by cool white fluo-
rescent lamps, with a 22/19°C thermoperiod (light/dark). The
small plantlets were transferred to pots containing sterile compost,
were watered daily and fertilized with Hoagland’s solution twice a
week in a mist chamber for 10 days prior to transfer to a naturally-
lit greenhouse. The acclimatization experiments were repeated
several times over two years to check the capacity for normal
flowering and fertility.
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Histological studies

To determine the ontogeny of the observed buds, explants at dif-
ferent stages of their development were fixed in acetic alcohol (3:
1, v/v) for 24 h. After dehydration in alcohol baths (from 70 to
100°), and substitution of alcohol by xylene, they were embedded
in paraffin blocks. Seven-um thick, longitudinal sections were
made using a rotary microtome. Sections were stained with solu-
tions of Haematoxylin 1% and Safranin (1 g dissolved in 100 ml
of 50° alcohol).

Variability in regenerated plants

To check the conformity of regenerated plants to those issued from
seeds, we analysed six isozymes by electrophoresis starch gel with
13% on the basis of histidine. The isozymes analysed were: phos-
phoglucoisomerase (PGI, EC 5.3.1.9); phosphoglucomutase (PGM,
EC 2.7.5.1); isocitrate deshydrogenase (ICD, EC 1.1.1.4.2); malate
deshydrogenase (MDH, EC 1.1.1.37); 6-phosphogluconate de-
hydrogenase (6-PGD, EC 1.1.1.44); and leucine amino-peptidase
(LAP, EC 3.4.1.1). These isozymes are reputed to be codominate
markers and are insensitive to environmental factors.

Extracts were obtained from young leaves of regenerated
plants and six-day-old germinated seedlings. Seventy mg of fresh
material was cold crushed in 200 pl of extraction buffer based on
Tris HCL containing 0.5% f- mercaptoethanol added to 10% w/v
sucrose and 2.5% (w/v) of polyvinylpyrolidone (PVP 40000).

The homogenate was centrifuged in the cold at 14000 rpm for
30 min. These extracts were placed in gel.

The horizontal migration at 4°C lasted 8 hours with an inten-
sity of 40 mA. An ice-tray was placed on the gel to prevent the
denaturation of proteins. The isoenzyme measurements were per-
formed according to the procedure established by Wendel and
Weeden (1989).

Data analysis

For each type of explant, we ran four replicate experiments, each
with at least one hundred explants. The percentage of callogenesis
was recorded 4 weeks after initiation of culture, and the percen-
tage of calluses that formed shoots was recorded 8 weeks after
initiation of culture. The values were compared by analysis of
variance (ANOVA) and the differences among means (5% level of
significance) were tested by the Duncan’s Multiple Range Test
using StatGraphics Plus 5.1.
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RESULTS
Culture initiation and callus growth

In the absence of plant growth regulators (PGRs), callo-
genesis was null and the explants became brownish and
necrotic within 5 to 6 days of culture. In the presence of
PGRs, calli formation started after a week for all treatments
and explants. However, the proliferation intensity and mor-
phology (colour, texture, etc.) of the calli varied depending
on the type of explant and culture medium.

Generally, callus proliferation was more vigorous in the
cotyledonary explants than the hypocotylary ones. At the
high concentration of 2,4-D, further enlargement of callus
size occurred, up to five times the original size. Two types
of calli were initiated from the culture:

- smooth, compact and greenish calli which became, in
most cases, vitrified and necrotic (Fig. 1A);

- globular, friable and white to yellowish calli which
seem to have a predisposition for embryogenesis (Fig. 1B).

Shoot regeneration

After 20 to 25 days of culture, some shoot regeneration oc-
curred from explants and formed adventitious buds (Fig. 2A,
2B). These shoots were generally associated with intense
rhizogenesis.

The results indicate that shoot regeneration ability is
strongly influenced by the origin of the explants and by the
culture medium.

The rate of caulogenesis in cotyledon explants (explant
A) was 30.6% in M3 medium (1 mg1"' 2.4-D + 1.5 mg. I''
BAP) (Table 1). Caulogenesis was higher in the hypocotyls
(explant B) than the cotyledons. In M5 medium (2 mg. 1"
24D+ 05 mgl BAP), the percentage of caulogenesis
reached 45.4% in hypocotyls. This same medium produced
a low rate of caulogenesis of 6.2% for the seeds deprived of
cotyledons (explant C). The rate of caulogenesis in seeds
retaining a quarter of the cotyledons (explant D) was 42.3%
in M3, 40.3% in M1 and 40% in M2.

The embryogenic axes (explant E) showed relatively
high rates of caulogenesis in M1 (61.4%), M2 (46 %) and
M4 (47%) (Table 1).

The highest percentage of caulogenesis was observed in
M1 (64.4%) for the embryogenic axes, and for seeds that
retained a quarter of their cotyledons in M1 (40.3%) and
M3 (42.3%). M1, M2, M3 and M4 were the most favoura-
ble media for caulogenesis; whatever the nature of the ex-
plants these media produced the highest percentages (64.4,
46 and 44% for M1, M2 and M3 respectively) except for
the isolated cotyledons in M1 (8.1% caulogenesis) (Table
1).

Histological observations

After a week of culture, organogenic callus tissues were
composed of an unorganized cell mass without any recog-
nizable structure. These aggregated cells that lacked a spe-
cialized form are a sign of disorganized growth.

The formation of adventitious shoot buds started after
twenty days at the periphery (Fig. 3A) of the callus that is
composed of meristematic cell masses. These structures did
not have a precise ultimate size. These cells have a central
nucleus with a large nuclear and dense cytoplasm with a
large vacuole. They are organized in the typical structure of
the shoot meristem, with a meristematic dome, primordial
leaf and subapical zone (Fig. 3B, 3C).

Vascular formations connect the meristems with the
profound tissues of the callus. The meristems of the auxili-
ary buds originate at the armpit of the foliar primordia (Fig.
3D). Shoot buds developed small leaves after 3 weeks of
culture.
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Fig. 1 Different types of calli derived from cotyledon explants. (A)
Smooth callus. (B) Globular callus (n: nodule). Fig. 2 Shoot regeneration
from Cucumis melo var. ‘Flexuosus’ after three weeks of culture on MS +
1 mg.1"' 2.4-D + 1.5 mg. I'' BAP. (A) Multiple shoots formed on cotyledon
explant. (B) Multiple shoots formed on hypocotyl explant. Fig. 3 Histo-
logical study of shoot regeneration from organogenesis calli showed
meristematic regions in the peripheral tissues of these calli (cmp) (A). (B,
C) Numerous periclinal divisions form a dome that emerges from the calli
and produces a foliar primordium (pf); az: apical zone, mm medullar meri-
stem, ai: initial anneau. (D) Meristems of auxiliary buds with foliar pri-
mordia (pf) and procambium (pc). Fig. 4 (A) Plants regenerated from
cotyledon callus and transferred to test tubes containing MS + 0.5 mg. I
NAA for development and rooting. R: roots. (B) Rooted plants regene-
rated from hypocotyl explant of C. melo var. ‘Flexuosus’ transplanted into
pots for one week. Fig. 5 isozymes system of phosphoglucomutase
(PGM). (A) isozyme regenerated plants. (B) isozyme of plants derived
from seeds. (B) Profile.

Rooting and transfer to pots

Elongated shoots were excised from all treatments and
rooted as detailed below. Shoots collected in vitro (> 3 cm
long) were transferred to MS medium containing 20 g.I"' of
sucrose and 8 g.I"' of phytaglel (Sigma, USA). The medium
was further fortified with different concentrations of NAA.
Cultures were incubated as described previously. An opti-
mal rooting rate of 66% from a total of 48 buds was ob-
tained in MS containing 0.5 mg.I" of NAA (Fig. 4A). In the
other media, rhizogenesis was quite weak. After the initia-
tion of roots, we witnessed an increase in the formation of
leaves comparable to those from plants issued from seed-
lings.

Plantlets with well-developed roots were removed from
the tubes, washed to remove agar and then transferred to
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jars (7 cm diameter) containing autoclaved compost and
sand (Fig. 4B). The potted plants were maintained under the
same controlled environmental conditions for 2 weeks.
They were watered every 2 days for 15 days. Subsequently
they were transferred to earthenware pots (12 cm diameter)
containing coarse sand and compost in the greenhouse. The
acclimatization rate of severed in vitro plants was relatively
feeble.

Variability of regenerated plants

To analyse the variability of newly formed plants, we ana-
lysed the polymorphism of six isozymes: phosphoglucoiso-
merase (PGI, EC 5.3.1.9); phosphoglucomutase (PGM, EC
2.7.5.1); isocitrate deshydrogenase (ICD, EC 1.1.1.4.2);
malate deshydrogenase (MDH, EC 1.1.1.37); 6-phospho-
gluconate deshydrogenase (6-PGD, EC 1.1.1.44); and leu-
cine amino-peptidase (LAP, EC 3.4.1.1). The profiles ob-
tained for regenerated plants and those issued from seed-
lings were practically identical in terms of the number of
bands and the level of their migration (Fig. SA-C).

DISCUSSION AND CONCLUSION

This is the first report describing the in vitro selection of
Tunisian Snake-melon: Cucumis melo L cv. ‘Flexuosus’
from cotyledon (explant A) and hypocotyl (explant B) ex-
plants, as well as entire seeds without a cotyledon (explant
C), entire seeds that retained a quarter of their cotyledons
(explant D) and some embryogenic axes (without cotyle-
dons) (explant E), and its effect on regeneration and micro-
propagation. One other report on regeneration via caulo-
genesis and somatic embryogenesis of Cucumis melo L cv.
‘Flexuosus’ exists (Hanana et al. 2002) in which the authors
developed a classic method to regenerate whole plants by in
vitro culture using only cotyledon and hypocotyl as the
explant on MS medium with different combinations and
concentrations of auxin and cytokinine. Unfortunately chro-
mosome anomalies were present throughout the culture,
which led to difficulty in transforming whole plants (Burza
and Malepszy 1995).

The experimental protocol used in our work differs
from that used by other researchers to induce regeneration
in cucumber (Dirks and Van Buggenum 1989; Nakagawa et
al. 2001). We varied the source of explants and tried to
achieve quick caulogenesis starting from diverse organs
without particular effects on plant variability.

Hypocotyl and cotyledon explants were used to test the
potential of these organs in the presence of other internal
factors that could influence caulogenesis.

The rate of caulogenesis in different explants depends
on the nature of the original explants in a given culture
medium. Variations in these factors influence the degree of
cellular differentiation of competent cells, depending on the
physiological state of the organs, the nature of the tissues
and messages they can receive during the seed germination
process.

The medium was also a critical factor in our experi-
ment: for cotyledons, a decrease in BAP and the rate of
increase of 2,4-D in the medium seemed to favour the
percentage of caulogenesis. Bud formation on the cultivated
shoots in the presence of grain organs was weak. The
presence of embryo axes seemed to inhibit caulogenesis in
cotyledon tissues.

Caulogenesis in excised hypocotyls cultivated with em-
bryo axes and a single cotyledon decreased in M1 and M3.
Ablation of three quarters of the cotyledons stimulated the
regeneration of buds on the hypocotyls; a notable amelio-
ration of caulogenesis was noticed in all culture media.
Thus the cotyledons seem to inhibit the organogenic poten-
tial of hypocotyls. The complete deletion of the two coty-
ledons favoured the organogenesis of the explant’s hypo-
cotyl.

Our results show the importance of internal correlations
in the expression of cultivated tissues in vitro. The coty-
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ledons seem to inhibit the regeneration of axes buds through
the normal morphogenesis of the plant (Champagnat 1965;
Neville 1970).

Histological studies showed that adventitious buds were
initiated from the peripheral zones of the organogenic calli
by aggregation of meristematic cell masses which organized
into a typical shoot meristem.

The monomorphism observed in most of the isozyme
analysis in both the regenerated plants and those issued
from seeds could be interpreted as follows:

- Cucumis melo is a cultivated species in which poly-
morphisms are scarce;

- Isoenzymatic analysis shows only 30% of the genetic
variability. We can also use other techniques of analysis
such as PCR (Polymerase Chain Reaction).

- This monomorphism in the regenerated plants shows
the conformity of these with the original plants.

- In vitro culture allowed the regeneration of plants
identical to their mothers, reflecting the importance of in
vitro culture.

Our study of plant conformity opens up the opportunity
to establish molecular transformation of cultivated varieties.
Improvement in the acclimatization conditions of in vitro
plants and research on other hormonal combinations to
allow the induction of somatic embryogenesis will also con-
tribute to the establishment of a quick and efficient method
of micropropagation in these plants.
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