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Abstract. Adventitious and axillary shoots of melon (Cucumis melo L.) were cultured from
explants on a modified Murashige and Skoog medium containing 10 µM BA. Explants were
diversified with regard to genetic source (breeding lines Miniloup, L-14, and B-line), seed
parts (apical and cotyledon tissue), seed maturity (10-40 days after pollination; DAP), and
cotyledon sections with respect to apical-radicle axis (distal and proximal). Plants were
screened for ploidy level by pollen morphometry. Immature cotyledons produced more
tetraploid regenerants than mature cotyledons from seed of breeding line Miniloup; the
highest frequency of tetraploid regenerant plants was from cotyledons of embryos
harvested 18 and 22 DAP. Explants from the apical meristem of the same seeds produced
fewer or no tetraploid plants. Proximal sections from immature cotyledons of three
genotypes (Miniloup, L-14, B-line) produced higher frequencies of tetraploids than whole
mature cotyledons or whole immature cotyledons.
Seed- and seedling-derived tissues of melon
are used extensively as explants for research in
micropropagation, genetic transformation, and
germplasm enhancement via somaclonal varia-
tion. Among species in Cucurbitaceae,
micropropagation has been used to propagate
clonally diploid, triploid, and tetraploid geno-
types of watermelon [Citrullus lanatus
(Thunb.) Matsum. and Nakai] (Adelberg and
Rhodes, 1989; Anghel and Rosu, 1985; Barnes,
1979; Compton et al., 1993). Genetic engi-
neering has been used to obtain transgenic
plants of C. sativus L. (Chee and Slightom,
1991) and C. melo (Fang and Grumet, 1990;
Gonsalyes et al., 1994). Somaclonal variants,
mainly tetraploids, have been identified among
plants regenerated from cotyledons of C. melo
and watermelon. Tetraploid variants of C.
melo originated from adventitious shoots re-
generated from cotyledons of immature
(Adelberg et al., 1990) and mature seed
(Boubdallah and Branchard, 1986; Fassuliotis
and Nelson, 1992; Moreno and Roig, 1990;
Wang et al., 1989), leaf explants (Kathal et al.,
1992), protoplast-derived calluses (Debeuajon
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and Branchard, 1992), and somatic embryos
derived from cotyledons of mature seed and
shoot tips (Ezura et al., 1992). In watermelon,
tetraploid plants were identified among ad-
ventitious shoots from immature (Adelberg et
al., 1990) and mature seed embryos (Compton
and Gray, 1993a) and regenerated from so-
matic embryos (Compton and Gray, 1993 b).

Wang et al. (1989) reported that cotyle-
dons from melon seedlings contained 6.5%
polyploid cells (mainly tetraploid) and 2%
aneuploid cells. On callus-inducing medium,
30% of cells were polyploid and 51% were
aneuploid. Differentiated shoots had ≈ 15%
polyploid cells with root tips of regenerants
containing 7 % aneuploid cells. Induction of
cell division in the quiescent cotyledon caused
a variety of abnormal mitotic divisions. How-
ever, differentiation and plant development
favored euploid variants and selected against
aneuploids. Ezura and Oosawa (1994) have
confirmed the selectivity of regeneration for
euploid variants of melon in populations of
callus with cells of variable ploidy. Percentage
of polyploid plants from direct regeneration of
leaf explants of melon increased during 1–3
months of subculture (Kathal et al., 1992).
Adelberg (1993) examined independent re-
generants from immature cotyledons for ploidy
level 2 months after culture induction. Ten
tissue lines cultured from basal buds of tetra-
ploid or diploid regenerants, subculture
monthly by enhanced axillary division over 18
months, did not increase in ploidy level and
were nonchimeral with respect to ploidy
(Adelberg et al., 1993). The original explant
tissue, immature cotyledons, contained only
diploid cells in 2C condition (Gl or G0 of cell
cycle). They concluded that induction of in
vitro cell division coincided with endo-
polyploidization and that maintenance of
ploidy level during subculture was stable. Many
direct-adventive shoot systems give rise to
nonchimeral plants under mutation-inducing
conditions (George and Sherrington, 1984).

In our study, we determined the frequency
of tetraploidy for melon plants from explants
representing various developmental stages,
tissue types, genotypes, and distal–proximal
subsections. Documenting the effects of ex-
plant source on frequency of tetraploids would
allow prediction of clonal stability or selection
of explants for efficient tetraploid production.

Materials and Methods

Nugent (U.S. Dept. of Agriculture Veg-
etable Laboratory, Charleston, S. C.) provided
three unrelated diploid breeding lines of melon:
Minilotip (small, smooth-skinned fruit with
orange flesh), L-14 (smooth-skinned, green
flesh), and B-line (netted, orange flesh). Fruit
were from hand-pollinated, greenhouse-grown
vines. Immature seed explants were prepared
for the two experiments. We used the same
culture conditions, including environmental
factors, subculture protocol, and vessel type,
as described by Adelberg et al. (1993). In the
first experiment, seed from Miniloup fruit
were aseptically dissected 10, 14, 18, 22, 26,
30, and 34 days after pollination (DAP). After
5 weeks on induction medium [10 µM 6-
benzyladenine (BA)], buds from eight apical
and eight cotyledon explants were transferred
to 1 µM BA shoot development medium. After
5 weeks, these shoots were rooted ex vitro
(Adelberg et al., 1993). The effect of explant
developmental stage on percentage of tetrap-
loid plants was examined. This experiment
helped to select the developmental stages for
the second experiment.

In the second experiment, explants of
Miniloup, L-14, and B-line were obtained
from fruit harvested 20 and 40 DAP. Explants
from immature cotyledons (20 DAP) were
either cultured whole or bisected into distal
and proximal subsections by a lateral cut across
the cotyledon and cultured separately. Mature
cotyledon explants were prepared from seed
collected from fruit 40 DAP using a procedure
similar to that for whole immature cotyledons.
Regenerants were initiated under conditions
similar to those of the first experiment (on
medium modified with 10 µM BA for 5 weeks),
after which independently regenerated buds
were subculture on multiplication medium
with 10 µM BA for 4 weeks. Regenerants were
rooted in vitro on medium with 5 µM indole-3-
butyric acid (IBA) for 3 weeks. The rooted
shoots were rinsed free of medium and accli-
matized in a greenhouse as described by
Adelberg et al. (1993).

Examination of ploidy level was based on
pollen grain morphology. Pollen was fixed in
70% ethanol and stained with 1 % potassium
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iodide. Morphometric determinations of pol-
len grain surface (Adelberg et al., 1993) were
plotted to discern population characteristics of
tetraploid variants. Tetraploid : diploid ratios
from various explant sources were contrasted
using x2 analysis, categorical model proce-
dure in SAS (SAS Institute, 1988). All calcu-
lations were performed on contingency of
ploidy level from genotypes tested in regard to
the explant sources. Specific hypotheses in-
volving explant effects on ploidy, both across
and within genotypes, were tested using sub-
sets of the overall contingency data.

Results and Discussion

Male flowers on the first few nodes of
plants from tissue culture produced pollen
with size and shape similar to previous de-
scriptions of diploid and tetraploid pollen of
melon (Bartra, 1952; Fassuliotis and Nelson,
1992; Nugent and Ray, 1992). Two popula-
tion types became apparent. Population I pol-
len grains had triangular shape, nearly uni-
form size, and positive iodide reaction for
starch content, typical of diploid melons. Popu-
lation II pollen grains were generally larger
and varied in size more than population I
pollen. Population H pollen also contained
many four-sided pollen grains, typical of tetra-
ploid variants. Other grains were nonstaining
and aborted, also typical of tetraploid variants.
Plants from the three melon genotypes pro-
duced populations of pollen grains with simi-
lar modal averages and variance for surface
areas (Fig. 1). Population I represented diploid
plants and had a modal average of 1950 µm2
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with 93% of the grains ranging between 1200
and 2200 µm2. Population 11 had a modal
average of 2850 µm2 with 96% of the grains
ranging between 1900 and 3800 µm2. We
concluded that the second population repre-
sented tetraploid plants. Morphometric quan-
tification of six pollen grains from any indi-
vidual plant allowed identification as diploid
or tetraploid with a probability of type I or type
II errors of 10-5 to 10-10 (Fig, 1).

The use of root-tip chromosomes to iden-
tify tetraploid plants is time consuming; there-
fore, alternative methods based on morpho-
logical observations have been developed for
melon. These methods include determining
cotyledon shape, internode length, leaf thick-
ness, trichome density, stomata] length, num-
ber of chloroplasts per guard cell, flower size,
blossom end scar, vein tracts on fruit, pollen
shape and viability, and seed shape (Fassuliotis
and Nelson, 1992; Nugent and Ray, 1992).
Our study demonstrates that pollen shape and
size are suitable indicators of ploidy level.

The percentage of tetraploid plants was
higher for cotyledon-derived regenerants than
for shoots grown from seed shoot apices (Table
1). The highest percentage of tetraploid regen-
erants was obtained from immature cotyle-
dons of embryos collected 18 and 22 DAP
(Table 1). No trend was observed for the small
number of tetraploid plants from cultured seed
shoot apices.

Proximal sections of immature cotyledons
of L-14, Miniloup, and B-line produced higher
proportions of tetraploid regenerants than
whole mature cotyledons (Table 2). Also, in
all three genotypes, proximal sections of im-
mature cotyledons produced a higher percent-
age of tetraploid regenerants than whole im-
mature cotyledons (demonstrated with 90%
confidence). Inadequate population size may
have caused difficulty in distinguishing sig-
nificant comparisons. For example, only three
regenerants were obtained from the distal por-
tion of immature Miniloup cotyledons and
identified as diploid, resulting in 100% diploid
and 0% tetraploid regenerants. All compari-
sons to that population were significant. In
contrasts involving the 349 regenerants of
L-14, immature proximal explants produced a
greater percentage of tetraploids than imma-
ture distal explants, and whole immature ex-
plants produced a greater proportion of
tetraploids than whole mature explants.
Miniloup, with 69 regenerants, followed the
same trends, but statistical validity was not
established for small populations. B-line, with
95 regenerants, did not display similar trends
for frequency of tetraploid regenerants from
the proximal and distal subsections or mature
and immature cotyledons. Distal sections of
cotyledons were more difflcult to regenerate
for Miniloup and B-line.

Explanted proximal sections of immature
cotyledons are a potential source of cells likely
to produce tetraploid variants. Selection of
proximal cotyledon sections for high regen-
erative ability has been observed with germi-
nated Cucumis melo seedlings (Lesham, 1989).
Explants of Citrullus lanatus, from proximal
sections of immature cotyledons (Zhang et al.,
1993) and mature cotyledons (Compton and
Gray, 1993a; Tabei et al., 1993), regenerate
shoots at a higher rate than distal regions.
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Effects of developmental stage of seed on
regeneration of tetraploids showed immature
cotyledons from embryos of fruit harvested 18
and 22 DAP produced the highest frequency of
tetraploids. These observations should be con-
sidered when choosing the explant source for
regeneration. If the goal of future experiments
is to obtain a high frequency of tetraploid
regenerants, then researchers should select an
explant source that favors tetraploidy (e.g.,
proximal end of immature cotyledons). If the
goal is to maintain purity with regard to ploidy,
however, researchers should choose outgrowth
of shoot-tip explants. As with many other
plants systems, adventitious shoot formation
allows somaclonal variation, and axillary
branching maintains genomic stability (Hu
and Wang, 1983; Swartz, 1991).

Researchers involved with genetic trans-
HORTSCIENCE, VOL. 29(6), JUNE 1994
formation seek adventive shoot formation sys-
tems that would maintain genomic stability
with regard to ploidy. Transformed regener-
ants from cotyledons of melon contained high
proportions of tetraploids (Gonsalves et al.,
1994). Osifo et al. (1989) report that cotyledon
explants of many plant species produce tetra-
ploid variants. Temporal and spatial factors
during cotyledon development influence the
likelihood of tetraploid induction. Understand-
ing developmental patterns in cotyledon tis-
sue preceding endopolyploidization is needed
before this system can be manipulated with
regard to tetraploid generation.
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