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ABSTRACT

To regenerate adventitious shoots from the coty-
ledon proximal parts of Citrullus lanatus (Thunb.)
Matsum. and Nakai ssp. mucosospermus (Fursa)
oleaginous type, different concentrations of MS
mineral elements, sucrose, 6-benzylaminopurine
(BAP) and agar were tested. Shoot induction
proved to depend on the interaction between
levels of sucrose, BAP and MS mineral elements
in the medium. The medium containing 3/2
strength of MS mineral elements, 35 g/l sucrose
and 1 mg/l BAP solidified with 6 g/l agar allowed
the production of numerous shoots without a
callus phase. After 3 weeks of culture, 76.7% of
the cotyledon proximal parts induced shoots
with an average of 12.26 shoots per explant and
a mean shoot length of 17.13 mm. The induced
shoots were directly rooted and thus complete
plants ready for acclimatization were obtained
using a two steps procedure. Depending on the
genotype, the shoot induction from cotyledon
proximal parts ranged from 54% to 96%. Rooted
plantlets were acclimatized and transferred to
field, where they grew well, developed flowers
and fruits like seeded plants. The assessment of
the genetic stability of the in-vitro-regenerated
plantlets by means of an Amplified Fragment
Length Polymorphism (AFLP) analysis with the
combination of 5 primers revealed no differ-
ences between regenerated plantlets and mo-
ther plants.

Keywords: AFLP; Genetic Stability; In Vitro;
Oleaginous Seeds; Organogenesis

Copyright © 2013 SciRes.

1. INTRODUCTION

Citrullus lanatus (Thunb.) Matsum. and Nakai ssp.
mucosospermus (Fursa) oleaginous type and other spe-
cies of the Cucurbitaceae family are grown mainly for
their seeds which constitute an important component of
the diet in many African (Nigeria, Benin, Ghana, Cam-
eroun, Congo, Namibia, Sierra Leone and Cote d’Ivoire)
and Asian countries [1-4]. In sub-Saharan Africa, the
cucurbit oleaginous type species are prized for their ole-
aginous seeds consumed as thickeners of a traditional
soup called egussi soup in Nigeria, Benin, Cameroon and
Congo [1,5], and pistachio soup in Céte d’Ivoire [2,4].
The C. lanatus oleaginous type species cultivated in Cote
d’Ivoire is subdivided into two different cultigroups on
the basis of the seed size. The first cultigroup (wlewle),
containing three cultivars, has smooth seeds that are ta-
pered to the point of attachment. The seeds of the second
cultigroup (bebou), containing one cultivar, are ovoid
and flattened, with a thickened and roughened margin
[2,6]. The seeds of oleaginous cucurbits are reported to
be rich in nutrients including 60% of lipids and 30% of
proteins [7,8]. The oil obtained from these seeds is easily
refined and often preferred to other oils for cooking [9].

The oleaginous cucurbits are generally important as a
cover crop in the intercropping farming or farm systems
[6,10]. Like other neglected and underutilized crops in
Africa, the oleaginous cucurbits have numerous agro-
nomic and economic potentials. Their seeds are sold in
rural and urban marketplaces [4,11]. Traditionally the
cucurbits of oleaginous type were regarded as a woman’s
plant and cultivated mostly in home gardens but today
their total acreage is steadily increasing [12]. However, it
is only very recently that research programs began to
focus their interest on these plants [4,13] in order to ad-
dress the challenges that producers are faced with: pest
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attacks, low yields and poor post-harvest conservation
[14,15]. The fruits of cucurbits oleaginous type are gen-
erally harvested after complete senescence of the plants.
Because of the fruiting extent, all the fruits do not reach
maturity before plant senescence, resulting in a mixing of
mature and immature seeds at the harvest [16]. Nerson
[17] reported that the seeds of cucurbit species extracted
from immature or over-mature fruits have a low germi-
nation, and yet multiplication of the cucurbits is mainly
carried out through botanical seeds. In addition, seeds
loose quickly their germinating capacity depending upon
precise timing of the mature fruit harvest, mode of seed
extraction and storage practices [15-17]. Also, due to
their cross-pollinating breeding system the maintenance
of initial genotypes is a major problem [4,15,18].

Increasing the use and the production of these cucur-
bits can improve food security and diversify small far-
mer’s income [4]. In this endeavor the development of
micropropagation protocols will offer an easy and econo-
mic alternative for the rapid multiplication of elite im-
proved cultivars and the conservation and distribution of
genetic resources of Citrullus lanatus oleaginous type.

Most of the protocols developed for the micropropaga-
tion of the Cucurbitaceae species are carried out in more
than two phases [19,20], e.g., a bud induction phase
with/or a multiplication phase, an elongation phase, and
a rooting phase. However, this approach is time consum-
ing, expensive and sometimes yields a low rate of shoot
induction. The purpose of this study is to develop for the
C. lanatus oleaginous type a two-phase micropropaga-
tion protocol that is fast, efficient and highly reproduci-
ble. Effects of plant growth regulators, as well as levels
of nutrient medium, sucrose and agar were assessed.

Since phenotypic and genetic variations are reported to
occur as a consequence of the propagation process, it is
particularly important to assess the genetic stability of
the cucurbits regenerants before their establishment in
the field. So, the genetic stability of the in vitro plants
regenerated was assessed by an AFLP analysis, a techni-
que proven to be a highly efficient tool for characterizing
somaclonal variation [21,22].

2. MATERIAL AND METHODES
2.1. Plant Material

Mature seeds of the two different cultigroups of C.
lanatus (Thunb.) Maktum and Nakai ssp. Mucososper-
mus (Fursa) oleaginous type, involving four cultivars,
were used as explants source (Figures 1(a)-(d)). These
cultivars were previously identified by Zoro et al. [6].
The three cultivars of the first cultigroup (wlewlé) were
designated as follows: CL for cultivar with large seeds
(average of 120 mm?), CM for cultivar with medium
seeds (average of 59 mm?) and CS for cultivar with small
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Figure 1. Seeds of four cultivars of C. lanatus oleaginous
type and different stages of explants sampling: (a) Small
seeds (CS); (b) Medium seeds (CM); (c) Large seeds (CL);
(d) Thickened margin seeds (CT); (e) In vitro plantlets in
germination medium; (f) Closed cotyledons with hypocotyl
attached; (g) Separate hypocotyl of the closed cotyledons; (h)
Separate and cut in half cotyledons (from left to right: distal
part, proximal part and entire cotyledon). Bars represent 5
mm.

seeds (average of 42 mm?). The only cultivar of the sec-
ond cultigroup (bebou) with thickened margin seeds (av-
erage of 179 mm?) is designated as CT. All these culti-
vars were selected from a germplasm collection at the
University Nangui Abrogoua (UNA) Abidjan, Cote
d’Ivoire.

2.2. Explant Preparation

Seed-coats were removed manually and the embryos
surface sterilized during 25 min in a 1.6% sodium hypo-
chlorite with one drop of Tween 20. After sterilisation,
seeds were rinsed six times with sterile distilled water
and sown in culture flasks containing 20 ml of hormone-
free MS basal medium [23] solidified with 8 g/l agar
(Invitrogen select agar). The pH of the medium was ad-
justed to 5.7 before the agar was added. The medium was
then autoclaved at 121°C for 20 min. The seeds were
incubated in the dark during the five days of germination
at 28°C + 2°C. Cotyledonary explants were removed
from 5-day-old seedlings as follows: the hypocotyl was
first cut off close to the cotyledons; the cotyledons were
then cut in half resulting in a proximal and a distal part
(Figures 1(e)-(h)). Subsequently, proximal parts of the
cotyledons with hypocotyls segment were separated with
the help of a scalpel blade. The apical bud of the seedling
was carefully removed resulting in a cotyledon proximal
part with the hypocotyl segment explants [2].

2.3. Culture Establishment

The reference culture medium used in all the experi-
ments is the MS basal medium [23]. The pH of the media
was adjusted to 5.7 with 1 N NaOH or 1 N HCI before
autoclaving at 121°C for 20 min. All the cultures were
incubated under 50 mol/m*/s light provided by cool
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white fluorescent lamps for a photoperiod of 12 h at
28°C +£2°C.

To determine the optimal media for the direct shoot in-
duction, two experiments were carried out.

The first consisted of studying the effects of various
concentrations of the plant growth regulator 6-benzyla-
minopurine (BAP) (0.25, 0.5, 0.75, 1 mg/l), different
strengths of MS mineral elements (1/4 MS; 1/2 MS; full
strength MS and 2 MS), various amounts of sucrose (20,
25, 30, 35, 40 g/l) and Invitrogen select agar (5, 6, 7, 8
g/1) on shoot induction. From previous trials [2], the full
strength MS medium with 1 mg/l BAP, 30 g/l sucrose
and 8 g/l agar was used as a control. Explants were cul-
tured in 55 mm x 70 mm culture flasks, each containing
25 ml of medium. Except for the sucrose-effect test
which consisted of twenty replicates, each media combi-
nation consisted of ten replicates. One replicate consists
of one flask with five explants. After three weeks of cul-
ture on media, explants were scored for shoot induction,
number of shoots and shoot length.

Once the concentrations of BAP, MS mineral elements,
sucrose and agar influencing shoot induction were identi-
fied, they were used in combinations on medium for op-
timizing shoot induction. In this second set of experi-
ments, the effects of the significant factors were assessed
by combining the optimal concentrations. The cotyledon
proximal part explants were cultured on three different
strengths of MS mineral elements (3/2 MS, 2 MS and 5/2
MS) combined each with three concentrations of sucrose
(20, 27.5 and 35 g/1) and BAP (0.5, 0.75 and 1 mg/l) us-
ing a Box-Benhken design [24]. As a consequence, a
total of 13 combinations of culture media were studied
(Table 1). The thirteen culture media were replicated
monthly three times in two plates, with two flasks per
plate and five explants per flask. Finally a fourteenth
culture medium, corresponding to the optimal composi-
tion based on the results of the second set of experiments
was tested to confirm the results obtained. After three
weeks of culture on the media, the explants were scored
for shoot induction, number of shoots and shoot length.

2.4. Genotypic Response

Once the optimal medium composition for shoot in-
duction was identified, the genotypic influence was in-
vestigated. This experiment was performed with the four
genotypes CL, CM, CS and CT. Each genotype consisted
of ten replicates. One replicate consists of one flask with
five explants. After three weeks of culture the explants
were scored for shoot induction, number of shoots and
shoot length.

2.5. Rooting and Acclimatization

Shoots harvested from induction phase were placed in
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Table 1. Combination of thirteen media for shoots induction
according to Box-Benhken design.

Media  MS minerals Sucrose (g) BAP (mg/l)  Agar (g)
Ml 3/2 MS 27.5 0.5 6
M2 3/2MS 27.5 1 6
M3 3/2 MS 35 0.75 6
M4 3/2 MS 20 0.75 6
M5 2MS 35 1 6
M6 2MS 20 1 6
M7 2MS 20 0.5 6
M8 2MS 35 0.5 6
M9 2 MS 27.5 0.75 6

MI10 5/2 MS 27.5 0.5 6
Mil 5/2MS 27.5 1 6
M12 5/2MS 35 0.75 6
M13 5/2MS 20 0.75 6

150 mm X 20 mm culture tubes containing 15 ml of root-
ing medium (MS hormone-free medium containing 30
g/l sucrose and solidified with 6 g/l agar). The incubation
conditions and light intensity were the same as stated
above. After two weeks on the rooting medium, the num-
ber of rooted plantlets was recorded. Rooted plantlets
were transferred to pots containing autoclaved soil [80%
of Klasmann® 4 Special No. 26, 15% peat, 5% of the
Rhine sand and organic fertilizer (0.6 g/l mixture)] for
acclimatization in greenhouse. The details of acclimati-
zation procedures were described by Gnamien et al. [2].
Plantlets that survived acclimatization were counted
three weeks after transfer to the greenhouse.

2.6. Morphologique Evaluation

The study was carried out in Abidjan district from
November 2010 to January 2011. The study site was lo-
cated in the experimental farm of University Nangui
Abrogoua (UNA) Abidjan, Cote d’Ivoire, between lati-
tudes 5°17'N - 5°31'N and longitudes 3°45'W - 4°22'W. In
this zone, rainfalls are abundant (annual mean > 2000
mm) and the mean temperature is 28°C, with annual am-
plitude of 5°C - 10°C. The acclimatized plantlets were
transferred to field in order to observe their growth and
development. Manual weeding was carried out during
plant development. Morphological characterization of
the micropropagated plants was compared with the seed-
propagated plants, using standard descriptors for cucur-
bits: eight characters (Table 2) were chosen among those
published for Lagenaria siceraria [25].
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Table 2. List of descriptors for characterization of C. lanatus plants obtained from in vitro culture and seed.

Characters codes Type and period of observation Sample size (n)
Male flowering time (days)” MF Number of days from sowing to first male flower opening per plant 5
Female flowering time (days)” FF Number of days from sowing to first female flower opening per plant 5
Male flower diameter (cm)” MFD Diameter of petals, measured at flower opening 30
Female flower diameter (cm)” FFD Diameter of petals, measured at flower opening 30
Male flower peduncle length (cm)” MFPL Peduncle length, measured at flower opening 30
Female flower peduncle length (cm)®  FFPL Peduncle length, measured at flower opening 30
Limb length (cm)” LL Limb length, measured after formation of the first fruit 30
Limb width (cm)® LWI Limb width, measured after formation of the first fruit 30

*Measurement on each plant type per cultivar; "Measurement on six organs per plant.

2.7. Genetic Stability Assessment

Following culture on root-inducing medium, leaves of
regenerated plants were excised, and the stored roots of
mother plant were grounded individually using an
MM300 mixer mill (Qiagen) and DNA was isolated us-
ing the MATAB (mixed alkyltrimethylammonium bro-
mide) method [26]. DNA concentration was estimated by
Full-spectrum UV/VIS spectrophotometer (NanoDrop,
ND-1000), and was diluted with sterile distilled water to
give a final concentration of 250 ng-pl".

The AFLP procedure was carried out using the AFLP
Core Reagent Kit and AFLP Primer Kit (Invitrogen Life
Technologies, California) following the manufacturer’s
protocol. A total of five primers i.e., Exac-Mcag, Eaag-
Mcag, Eaac-Mcar, Eaag-Mcrc and Exac-Mcaa were used
to amplify the DNA.

Template DNA (250 ng) was double digested with 2.5
units of each ECORI and Msel restriction enzymes for 2 h
at 37°C in a final volume of 25 pl. The mixture was in-
cubated for 15 min at 70°C to inactivate the restriction
endonucleases. Specific adapters were ligated to the re-
striction fragments with 1 unit of T4 DNA ligase in 10
mM Tris-HCI (pH 7.5), 10 mM Mg acetate, 50 mM
K-acetate and 0.4 mM ATP at 20°C + 2°C for 2 h. Pre-am-
plification was carried out using pre-amp primer mix,
10X PCR buffer and Taqg DNA polymerase, under the
following conditions: 20 cycles of 94°C for 30 s, 56°C
for 60 s and 72°C for 60 s. Further selective amplifica-
tion was performed, using the ECORI + 3 (three selective
bases) and Msel + 3 (three selective bases) primers. Am-
plifications were carried out using a touch-down PCR
program: 1 cycle of 94°C for 30 s, 65°C for 30 s, and
72°C for 60 s, then 13 cycles with the annealing tem-
perature lowered by 0.7°C per cycle, followed by 23 cy-
cles of 94°C for 30 s, 56°C for 30 s, and 72°C for 60 s.
All PCR amplifications were performed using a PTC200
thermal cycler (Peltier Thermal Cycler, MJ Research).

Copyright © 2013 SciRes.

AFLP products were resolved in denaturing 6% poly-
acrylamide gels in 1x TBE buffer as follows: the ampli-
fied DNAs were mixed with 20 pl of formamide dye
(98% formamide, 10 mM EDTA pH 8.0, 1% xylene
cyanol and 1% bromophenol blue) before denaturation
by heating for 3 min at 90°C. Five microliters of each
denaturated DNA mixture were loaded onto a pre-warmed
polyacrylamide gel. Electrophoresis was performed at
1800 V for 1 h and the separated DNA bands were visu-
alized by silver staining [27]. The gels were then dried
overnight and photographed.

2.8. Experimental Design, Data Collection
and Statistical Analysis

The first experiment was arranged in a completely
randomised design. The effects of different media were
evaluated by a standard analysis of variance (ANOVA).
When the null hypothesis was rejected, means were com-
pared using Tukey’s multiple range test at 5% level of
significance [28]. Data were processed using the soft-
ware Minitab® for Windows, version 15.00.

The second set of experiment was run as a Box-
Benhken design in order to reduce the number of tested
culture media. Since a great number of explants did not
show any shoot growth, the optimization of shoot induc-
tion was determined on the basis of the mean percentage
of explants inducing at least one shoot. This percentage
was calculated for the five explants on each flask and
arcsin-transformed before statistical analysis for a better
compliance with the statistical requirement of the further
analysis.

The arcsin-percentages were then analysed by a full
quadratic response surface model (linear, quadratic and
first-order interaction terms) of the three tested factors
(MS mineral elements, sucrose and BAP) and the non-
significant terms were backward eliminated to obtain the
simplest adjusted model to the experimental data. Prior
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to this analysis, factors levels were coded by —1, 0 and
+1, for respectively low, medium and high concentra-
tions. This model was used to draw contour plots of the
response variable and estimate the optimal composition
of the culture media.

For morphological evaluation, the field lay out was a
completely randomized design, with two plots per culti-
var, one plot respectively for micropropagated and seed-
propagated plants. Control plants were grown from seeds
[29]. Each cultivar was represented by 10 plants. The
planting distance was 3 m between and within rows with
1.5 m of edges. Two consecutive plots were spaced by 3

m. Morphological evaluation was compared between the
micropropagated and seed-propagated plants for each
cultivar by an analysis of variance.

AFLP markers were scored for presence (1) or absence
(0), and then entered into a binary matrix representing
the AFLP profile of each sample.

3. RESULTS AND DISCUSSION
3.1. Effects of Mineral Concentration

The various mineral concentrations had significant ef-
fects on shoot induction (Table 3). The 1/2 MS and 2 MS

Table 3. Effect of mineral, BAP, sucrose and agar concentrations on shoot induction for four cultivars of C. lanatus oleaginous type.
Cotyledon proximal part with hypocotyl segment obtained from 5-day-old seedlings was cultured onto shoot induction medium. Data

represented as mean + SE.

Factor Percentage of shoot induction (%)

Number of shoots per explant Shoot length (mm)

Mineral concentration

1/4 MS 24
1/2 MS 64

MS 20
2 MS 54

BAP concentration (mg/1)

0.25 62
0.50 40
0.75 58

1 46

Sucrose concentration (g/1)

20 89
25 87
30 87
35 86
40 82

Agar concentration (g/1)

5 70
6 92
7 92
8 92
Genotype
CS 96
CM 76.7
CL 54
CT 68

2.00+0.91° 10.05 + 3.22°
3.86 +1.62° 9.19 +2.52°
430+1.77° 11.31 £2.40°
8.63 +3.33° 14.17 £3.91°
6.19 +3.02 13.61 £4.92
3.75+1.89 14.40 + 4.56
5.69 +2.58 15.16 + 4.02
5.17£2.50 12.83 +3.51
4.12 + 1.69* 15.90 + 7.95
6.61 +3.55° 16.74 + 7.66
5.17 +£2.45° 17.25 +5.90
5.06 + 2.49° 15.14 + 6.45
5.27 £2.96° 13.64 +5.61
5.09 +2.31 21.49 +6.15
4.44+2.53 21.58 +6.86
5.11+2.33 18.13 +3.99
5.80 +2.66 13.16 £2.52
12.44 + 6.3 16.89 +5.4
12.26 + 6.71° 17.59 +4.01
11.93 £4.91° 18.47 +£5.43
5.03 +2.86° 20.94 +5.83

For genotypic response explants were cultured onto 3/2 strength of MS medium supplemented with 35 g/l sucrose, 1 mg/l BAP and 6 g/l agar. Means in a col-
umn followed by a common letter are not significantly different at the 5% level (Tukey’s multiple range test).

Copyright © 2013 SciRes.
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gave more explants inducing shoots compared to 1/4 and
full-strength MS. The ANOVA revealed a very highly
significant difference in the number and length of shoots
induced by various concentrations of MS mineral ele-
ments (F; s; = 28.73, P < 0.001, F5 5, = 8.97, P < 0.001,
respectively for number and length of shoots). The high-
est shoot induction was obtained on double-strength MS
mineral elements. In addition, the shoots from double-
strength MS were stout, healthy and green (Figure 2(a)).
In contrast, on 1/4 MS mineral elements, the shoots were
short thin, with small narrow leaves (Figure 2(b)). An
increase in the MS minerals concentration to 2 MS dou-
bled the number of induced shoots compared to full
strength MS (Table 3). Similar observations had also
been reported in pumpkin (Cucurbita moschata Duch.)
by Zhang et al. [30] who investigated the effect of vari-
ous MS strength on root formation. They noted that
pumpkin elongated shoots were rooted more easily on 2
MS than on 2/3 MS and 1/2 MS. Similarly to shoots in-
duction, the root formation decrease when MS strength
declined.

3.2. Effects of 6-Benzylaminopurine (BAP)
Concentration

The percentage of shoot induction was influenced by
BAP concentrations (Table 3). However, no significant
difference in both the number and the length of induced
shoots was noted between different concentrations of
BAP (F3 64 =2.08, P=0.117, F5 ¢4 = 1.45, P = 0.240, re-
spectively for number and length of shoots). Similar re-
sults were found by Canli and Tian [31] in Prunus
salicina Lindl. In contrast, Thomas and Sreejesh [32],
and Hugq et al. [33] working respectively on ash gourd

Figure 2. Plantlet micropropagation
from cotyledonary explants of C. la-
natus oleaginous type. (a) Adventitious
shoot induction on 2 MS medium; (b)
Adventitious shoot induction on 1/4

MS medium; (c) Multiple shoot induc-
tion on optimal medium; (d) Rooting
of shoot on growth regulator free MS
medium.

Copyright © 2013 SciRes.

(Benincasa hispida L.) and pointed gourd (Trichosanthes
dioica Roxb.) noticed the variation in shoot induction
and plant micropropagation according to BAP concentra-
tions. Nevertheless, when the number of shoots on each
explant was analyzed (before calculating the means num-
ber of shoots per explant), it was noticed that some ex-
plants on media containing BAP concentrations between
0.5 and 1 mg/l showed sometimes a high number of
shoots. Therefore, the same concentration range was re-
tained in the subsequent experiments.

3.3. Effects of Sucrose Concentration

The percentage of shoot induction decreased with the
increase of sucrose concentration (Table 3). But, higher
concentrations of sucrose favoured higher number of
shoots per explant. The ANOVA revealed a very highly
significant difference in the number of shoots per explant
between the different concentrations of sucrose (F4 341 =
3.49; P = 0.011). No significant difference of shoot
length was noted between different concentrations of
sucrose (F4 341 = 1.72, P = 0.131). The sucrose concen-
tration of 25 g/l promoted the highest number of shoots
per explant. The sucrose concentration of 20 g/l, on the
contrary, gave the lowest number of shoots per explant.
Similar results are reported in cucumber (Cucumis sati-
vus) for which high concentration of sucrose (0.25 or
0.50 M) could enhance germination of somatic embryos
[34]. However, when the number of shoots per explant
was analyzed, it was observed that a sucrose concentra-
tions varying between 25 and 40 g/l could give higher
number of shoots. Therefore, the same concentration
range was retained in the subsequent experiments.

3.4. Effects of Agar Concentration

The percentage of shoot induction was higher for the
media solidified with 6, 7, and 8 g/l agar compared to
medium solidified with 5 g/l agar (Table 3). However, no
significant difference was noted in both the number and
the length of shoots induced between the various concen-
trations of agar (F3 133 = 2.18, P = 0.105, F; 133 = 0.66, P
= 0.578, respectively for number and length of shoots).
Similar results were obtained by Cousineau and Don-
nelly [35], Ladyman and Girard [36], respectivily in
raspberry (Rubus idaeus L.), and cucumber (Cucumis
sativus) wherein, increasing agar concentrations from 2.0
g/l to 10.0 g/l had no significant effect on raspberry mi-
cropropagation and no effect of gelling agent on the fresh
weight of C. sativus somatic embryo tissue. When we
analyzed the induced shoot length, we noticed that the
agar concentration of 6 g/l gave shoots with the highest
length. These data were similar to those obtained with
Prunus amygdalus L. var. Binazir [37] in which the
greatest amount of growth was obtained in the lowest
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agar (6 g/l) treatment. Increasing concentration of agar to
10 g/l reduces Curcuma haritha L. shoot number and
length. This may be due to the reduced uptake of mineral
nutrients and organic matters, due to higher rigidity of
the medium [38]. Therefore, the level of agar in the me-
dium should be such that it minimizes the water loss and
allows the good diffusion of nutrient elements. Therefore,
the agar concentration of 6 g/l was retained in the sub-
sequent experiments.

3.5. Combination of Factor Shaving a
Significant Influence on
Shoot Induction

The adjustment on a full quadratic surface model on
the arcsin-transformed mean percentage of explants
showing shoot growth resulted in a very highly signifi-
cant linear effect of minerals and sucrose concentrations
(F2, 145 = 12.45, P < 0.001), a very highly significant
quadratic effect of minerals and BAP concentrations (F,
145 = 8.33, P < 0.001) and a significant sucrose and BAP
concentrations interaction (F;, 145 = 4.67, P = 0.032). The
adjustment of this model was satisfying as shown by the
non-significant lack-of-fit test (F4 14y = 0.394, P = 0.813).
The Figure 3 shows the contour plots of the response
based on this adjusted model. Each panel shows the ef-
fect of mineral and sucrose concentrations on shoot in-
duction, for each level of the BAP concentration. It is
easily noticeable that the maximal response is obtained
by the combination of low values of mineral concentra-
tions with high values of sucrose and BAP concentra-
tions, corresponding to 3/2 strength of MS medium, 35
g/l sucrose and 1 mg/l BAP. Following the fitted response
surface model, the expected percentage of explants
showing shoot growth is 71.8% for this optimal medium.
As this combination of factors was not tested by the Box-
Benhken design, 30 new explants were cultured on the
designated optimal medium. The explants cultured on the
optimal medium had better potential for multiple shoot

Low BAP level

Sucrose levels
Sucrose levels

—_ | L
! I
-1.0 05 0.0 0.5 1.0 -1.0 05
Minerals levels

Medium BAP level

Minerals levels

induction than above media (Figure 2(c)).

On the optimal medium, the percentage of shoot in-
duction was 76.7%, the average number and length of
adventitious shoots per responsive explant was respec-
tively 12.26 = 6.90 and 17.13 + 4.53 mm. Compared to
this optimal medium, the number of shoots per respon-
sive explant was low when the factors were studied alone.
For example, the mineral concentration 2 MS was the
best mineral concentration to promote high number of
shoots alone but, in combination with various concentra-
tions of sucrose and BAP, the best concentration was 3/2
MS. Also, when sucrose was studied alone, the concen-
tration of 25 g/l was the best sucrose concentration to
promote high number of shoots but in combination with
various BAP concentrations and different strengths of
MS medium, the best concentration was 35 g/l. When
sucrose and agar were studied alone, the various concen-
trations of sucrose and agar favour high percentages of
shoot induction but give only a low number of shoots per
explant. In contrast, with the optimal medium (3/2
strength of MS medium, 35 g/l sucrose, 1 mg/l BAP and
6 g/l agar), the number of shoots produced per explant
was highest. It emerges from the study that the factors
that exhibit the highest percentages of shoot induction
did not necessarily produced high numbers of shoots per
explants. Similar observations had also been reported by
Brar et al. [39] in Vigna unguiculata (L.) Walp. where
the genotypes that produced high numbers of shoots per
explant did not necessarily exhibit the highest percentage
of shoot induction. The results of the study show an in-
teraction between the plant growth regulators, sucrose
and the composition of the basal medium. Similar results
were reported by Vandemoortele et al. [40] in cauli-
flower wherein shoots propagation was dependent on the
interaction between plant growth regulators and high
sucrose-to-macronutrients ratio in the medium. An inter-
action between salt and sucrose concentrations was de-
monstrated in Lilium auratum Lindl. as optimum dry

High BAP level

Sucrose levels

T
0.0 0.5 1.0 -1.0 -05 0.0 0.5 1.0

Minerals levels

Figure 3. Effect of interaction between minerals, sucrose and BAP concentrations on adventitious shoot in-
duction in C. lanatus oleaginous type. Each value on the contour plot represents the arcsin-transformed

mean percentage of explants inducing at least one shoot.
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weight of bulbs could be obtained in either single strength
MS + 120 g/l sucrose, or double strength MS + 60 g/l
sucrose [41].

3.6. Genotypic Response

Of the four cultivars evaluated for shoot induction, CS
and CM cultivars responded favorably. The cultivars
showed variable percentages of shoot induction ranging
from 54% to 96% (Table 3). The highest percentages of
shoot induction, 96% and 76.7%, were obtained with CS
and CM cultivars, respectively. The number of shoots
produced per explant was significantly different among
the four cultivars, ranging from 5.03 to 12.44 shoots per
explant, with the highest values in CS (12.44), CM
(12.26) and CL (11.93) (Table 3). Cultivars that pro-
duced high numbers of shoots per explant did not neces-
sarily exhibit the highest percentages of shoot induction.
No significant difference in the length of the induced
shoots was noted between cultivars. Similar results have
been reported in various Cucurbitaceae species by
Srivastava et al. [42] and Compton and Gray [43]. Those
authors noted that genotype strongly influenced micro-
propagation. In another study conducted by Abrie and
van Staden [44] on five Cucurbitaceae species, Cucur-
bita maxima Duch. cv. A-line, C. maxima cv. Chicago
Warted and C. pepo L. c¢v Rolet, did not form shoots on
any of culture media tested. Only Cucumis melo L. cv
Hales Best 36 and Cucumis sativus cv Ashley formed
shoots. Unlike, in the present work all tested genotypes
react to shoot induction. Although the percentages of
shoot induction are different, they are beyond 50%,
showing a good reaction to optimal medium. The culti-
vars CS, CM and CL belonging to the same cultigroup
showed no significant differences both in the number and
the length of the induced shoots. The difference is ob-
served only for the genotype CT. Although the genotype
CT was characterized by the lowest number of shoots per
explant, this result is higher (5 shoots per explant) than

those obtained by Niedz et al. [45] with Cucumis melo cv.

Hale of Best Jumbo, by Ananthakrishnan et al. [46] with
Cucurbita pepo, by Han et al. [47] with Lagenaria sice-
raria Standl and by Krug et al. [48] with Citrullus lana-
tus cv. Crimson sweet. These authors obtained a number
ranging from 1 to 4 shoots per explant with a percentage
of shoot induction from 21% to 63% after 4 weeks of
culture. The optimal medium in the present work, regard-
less of the genotype, allows the induction of shoots with
length beyond that required (minimum 15 mm) by
Compton et al. [49] for a good rooting of shoots.

3.7. Rooting, Acclimatization and
Transplanting to Soil

Rooting of shoots was achieved in the rooting medium

Copyright © 2013 SciRes.

(Figure 2(d)). Percentages of root induction varied ac-
cording to cultivars, ranging from 88% to 96%, with the
highest values in cultivar CT (96%), followed by the
cultivars CM and CL (94%). The percentage of acclima-
tized plants ranged from 48% to 70%. Plantlets obtained
from cultivar CL showed the highest percentage of ac-
climatization (70%). Plantlets obtained from cultivar CS
showed on the contrary the lowest acclimatization per-
centage (48%). The results obtained with the rooting me-
dium, for each cultivar, were similar to those obtained
with watermelon (Citrullus lanatus) by Compton et al.
[49] who noted that shoots of at least 15 mm length,
rooted easily. Previous or former protocols for shoot mi-
cropropagation from Cucurbitaceae cotyledon segments
are based on three or four culture phases [2,19,20,48].
Unlike, in the present study, regenerated plants were ob-
tained using a two phases procedure (i.e., shoot induction
phase followed by rooting phase), reducing micropropa-
gation time and optimizing shoot formation (12 shoots
per explant). The equivalent number of shoots per ex-
plants was obtained at induction phase in Cucumis melo
var. makuwa by Muruganantham et al. [50] with high
levels of BAP (2 mg/l BA), but the micropropagation
procedure was based on four culture phases. Other stud-
ies indicated that elongation phase could be eliminated
by modified initial culture medium [51,52]; in these re-
ports authors observed that the same number of shoots
regenerated in previous reports could be obtained per
explants by using a simple two-step procedure (i.e., shoot
proliferation (shoots were repeatedly subcultured for up
to three months) followed by root induction). The plant-
lets from cultivar CL, CM and CT with a length higher
than 15 mm acclimatized easily and showed highest per-
centage of acclimatization. These results were in accor-
dance with the study of Compton et al. [49,53], indicat-
ing a correlation between plantlet length and acclimati-
zation survival.

3.8. Morphological Evaluation

C. lanatus oleaginous type plants obtained through
micropropagation were transplanted into the fields and
compared with seeded plants on the basis of various
morphological characters. Figure 4 shows plants accli-
matized in the greenhouse and thereafter transplanted
into the field where they grew like seeded plants. Analy-
ses of data recorded on each cultivar do not reveal any
variations for different morphological traits between the
micropropagated plants and the seed-propagated plants
as shown in Table 4. Similar absence or lack of morpho-
logical variation was reported in the micropropagation of
cucumber, Cucumis sativus L. [29]. Bhatia and Ashwath
[54] also observed no change in morphological charac-
ters between the tissue-cultured and seed-propagated
tomato (Lycopersicon esculentum Mill. cv. Red Coat).
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Figure 4. Plantlet micropropagation in C. lanatus oleaginous type: (a) The removal of lid after ac-
climatization; (b) Acclimatized plants in the greenhouse; (¢) Transplanting of acclimatized plants to

field; (d) Acclimatized plant with flowers after transferring to field.

Table 4. Values of eight traits analyzed in plants from seed (control) and in vitro culture for each cultivar of C. lanatus oleaginous

type.
Characters Cultivars
CS CM CL CT
Control In vitro P Control In vitro P Control In vitro P Control In vitro P

MF (days) 46.6+7.40 464+7.16 096 448+0.84 43.8+148 022 39.6+0.89 39.8+3.27 0.89 402+1.09 39.8+1.09 0.58
FF (days) 56.6+7.44 56.8+694 096 552+0.84 51.6+6.11 0.22 524+329 51.60+6.17 0.80 51.2+1.79 50.8+1.30 0.69
MEFD (em) 2.78+0.58 2.76+0.27 0.88 3.14+0.58 3.10+0.29 0.78 2.88+045 29+034 0.84 287+0.34 297+042 0.32
FFD (cm) 2.89+0.33 290+0.21 0.88 3.17+0.27 3.18+0.28 0.89 324+0.68 3.22+0.57 0.90 3.07+0.36 3.17+044 0.32
MFPL (cm) 2.81+0.50 2.82+0.23 0.92 3.05+048 3.22+0.89 034 339+1.05 3.43+0.69 0.87 35+0.86 3.57+1.12 0.78
FFPL (cm) 4.23+£0.76 4.24+0.70 0.95 438+0.82 4.39+0.88 098 399+0.60 4.22+0.59 0.14 4.06+0.61 429+1.14 0.34
LL (cm) 12.72+£2.57 12.61+1.34 0.84 13.98+4.13 13.88+3.62 0.92 14.68+0.73 14.74+1.14 0.83 14.62+2.38 14.89+£2.91 0.68
LWI(cm) 10.60+2.62 9.80+1.40 0.14 10.97+237 1099+1.46 0.96 11.43+0.85 11.47+2.11 092 11.34+1.64 11.71+0.95 0.24

For the acronyms, see Table 2.

However, such morphological markers have the limita-
tions of being dependent on environmental factors and
representing partially the genetic constitution of the plant
[55]. Use of molecular markers is therefore helpful to
complete the genetic evaluation.

3.9. Genetic Stability Assessment

From the five screened primer combinations for the
AFLP analysis, four combinations generated a multiloci
DNA fingerprinting with a total of 605, 781, 605, 737
fragments respectively for genotypes CS, CM, CL and
CT. The highest number of DNA fragments (29, 20, and
26 for genotype CS, CL, and CT respectively) was ob-
tained with Exxg-Mcag, Whereas the lowest number of
bands (12, 11, and 12 for genotype CS, CL, and CT re-
spectively) was produced with Exag-Mcar. The AFLP
assays generated 18, 18, 17 and 14 bands per primer
combination, on average respectively for genotypes CS,
CM, CL and CT, and no polymorphism was detected
between the micropropagated plants and the mother plant
providing the analyzed cotyledon explants (Figure 5).
AFLP analyses cover different regions of DNA and gen-
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erate large numbers of bands, thus representing a ran-
dom-sampling of the genome. The absence of polymor-
phism in all the loci for each genotype indicates that C.
lanatus oleaginous type plants obtained through direct
organogenesis are genetically stable in the assessed ge-
nome regions. Similar results were obtained using AFLP
markers in Humulus lupulus L. [56], Pisum sativum L.
[57] and Arachis retusa L. [58] and also using markers
RAPD and ISSR in Prunus dulcis (Miller) DA Webb [59]
and Tigridia pavonia (Lf) DC [60]. While some investi-
gators reported absence of in vitro-induced variation in a
number of plant species, significant polymorphism rates
were found in plants micropropagated via somatic em-
bryogenesis [61], calluses [62] and direct organogenesis
[63]. This apparent discrepancy can be related to differ-
ent factors, including the micropropagation procedure,
genotype and number of primers used in the amplifica-
tion reactions. The absence of somaclonal variation ob-
served in the present study could be attributed to the fact
that the shoots were induced directly without a callus
phase and subculture. Soniya et al. [64] have reported
that commonness of genetic variation in Lycopersicon
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Figure 5. AFLP profiles of 10 regenerated plantlets (lane 1 to 10) and the mother
plant (lane P) for two cultivars of C. lanatus oleaginous type (CM and CL) using
primer pair E-AAG/M- CTC. For each cultivar identical patterns were observed in

the 11 tested plants.

esculentum Mill cv. Sakthi micropropagated plants could
be attributed to the callus phase. However, no genetic
marker can provide absolute evidence that somaclonal
variation has not occurred in culture. Therefore, it is im-
portant to choose micropropagation procedures that mini-
mize induced variation.

4. CONCLUSION

The present study describes an efficient protocol to
optimize cucurbits oleaginous type micropropagation.
Shoot induction was mostly affected by the interaction
between plant growth regulators, sucrose and minerals
levels. The optimal medium found is an effective micro
propagation medium for cucurbits oleaginous type be-
cause no somaclonal variation was observed among the
micropropagated plants. The new protocol developed in
this study can be extended to other relative species and
cultivars of cucurbits oleaginous type.
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