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The chromosome numbers of callus cells and regenerated plants from adventitious shoot cultures of two
cultivars of melon (Cucumis melo L.) were determined. After five days of culture, 96. 5-98. 09 of the callus cells
were diploid (22 =24) and 2. 0-3. 5% were tetraploid (4x=48). After seven days of culture, the frequency of
diploid cells decreased to 76. 5-80. 094 and that of tetraploid cells increased to 11. 0-15.5%. Small numbers of
haploid (x=12), triploid (3x=36), hexaploid (bx=72) and octoploid (8x=96) cells were also observed.
Within 14 days of culture, the frequency of diploid cells decreased further to 30. 0-44. 09§ and that of tetraploid
cells increased to 27. 5-35. 59 while more hyperploid cells (>9z) appeared. At all phases of callus culture, 2.5
-24. 59 of the observed cells were aneuploid. In the case of plants regenerated from adventitious buds, 69. 0-56.
0% were diploid and 26. 0-37. 095 were tetraploid while 5. 0-7. 094 were mixoploid, consisting of both diploid and
tetraploid cells. No hyperploid or aneuploid plants were observed. The results indicate that the plants from
adventitious shoot cultures of melon were regenerated selectively from diploid and tetraploid cells.

Introduction

Formation of adventitious shoots organogenesis from cotyledon and hypocotyl explants'~® and
from leaf explants®®, somatic embryogenesis from cotyledon explants®® and formation of shoot
primordia from meristem tips” have all been reported in melon (Cucumis melo L.). Ezura et al.®®
reported a high frequency of tetraploidy (ca. 309§) in plants regenerated via adventitious shoot
organogenesis and somatic embryogenesis in this species. Before these culture systems can be
applied to the genetic manipulation of melon, for example, for cell selection, genetic transformation
and micropropagation, it is important that we understand the mechanisms of the very frequent
appearance of tetraploidy in the regenerated plans.

In this study, the chromosome numbers of callus cells and of plants regenerated from adventitious
shoots of melon were analyzed.

Materials and Methods

1. Adventitious shoot cultures

Adventitious shoot cultures were generated by the method of Dirks and Buggenum?®. Mature
seeds of two cultivars of melon (Cucumis melo L.), cultivars Prince and Andes (Sakata Seed Co.
Ltd., Japan), were used as the source of explants. Seeds, after decoating and sterilization, were
soaked in sterilized distilled water for 6 hours. The cotyledons were cut into three sections.
These explants were cultured at 25°C on Murashige and Skoog (MS) medium!® with 1 mg/!
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benzylaminopurine (BAP), 39 (w/v) sucrose and 0.49% (w/v) Gelrite (pH 5. 8) in the light (16 h
light per day at 5000 lux supplied by fluorescent lamps). Sterilization was achieved by decoating
seeds for 15 sec. in 709 (v/v) ethanol, followed by a 15 min. treatment in a 19 (v/v) solution of
sodium hypochlorite and three rinses in distilled water. After four weeks of culture, adventitious
buds that had differentiated on the explant were excised and subcultured on MS medium with 3%
(w/v) sucrose and 0.49% (w/v) Gelrite (pH 5. 8) for elongation of shoot. After culturing, elongat-
ed shoots were subcultured on MS medium of the same composition for rooting and further
cultured.
2.  Counting of chromosome in callus cells

After 5,7 and 14 days of culture on the medium for induction of adventitious buds mentioned
above, cotyledon explants of each cultivar were stored for 1 day in distilled water at 5°C. They
were then fixed in a mixture of ethanol and acetic acid (3:1, v/v). After washing with distilled
water, a piece of callus excised from the cut surface of an explant was incubated in an enzyme
solution that contained 495 (w/v) Cellulase RS (Yakult Co., Ltd,, Japan), 1% (w/v) Pectolyase Y23
(Seishin Co., Ltd., Japan), 7. 5 mM KCI and 7. 5 mM EDTA (pH 4. 0) for 50 min. in the dark at 37°C.
After washing with distilled water, the cells were spread in a drop of the above mentioned fixative.
Chromosomes were stained with 209§ (v/v) of Giemsa’s solution for microscopy (Merck, USA) in
0.067 M sodium phosphate buffer (pH 6. 8) for 30 min. at room temperature. The chromosome
numbers of 200 cells per experiment were counted on intact metaphase plates.
3. Counting of chromosomes in regenerated plants

Root tips of plants regenerated from adventitious buds were stored for 1 day in distilled water at
5°C. They were then fixed in a mixture of ethanol and acetic acid (3:1, v/v). After washing with
distilled water, they were incubated in the enzyme solution mentioned above for 1 hr in the dark at
37°C. After washing with distilled water, the cells were spread on a glass slide in a drop of the
above fixative. The chromosomes were stained with 209§ Giemsa’s solution for 30 min. at room
temperature. The chromosome numbers of 10 cells per plant were counted on intact metaphase
plates. For each cultivar, the chromosome number of 100 regenerated plants were counted.

Results and Discussion

The chromosome numbers of callus cells and root tip cells of the regenerated plants derived from
adventitious shoot cultures of the melon (Cucumis melo L.) cultivars Prince and Andes were
counted. In cells from callus cultures, a variety of polyploid and aneuploid cells was observed (Fig.
land2). The frequency of aneuploid cells was added to the frequency of cells with the closest
corresponding ploidy in estimating the frequency of cells of each ploidy to allow us to follow the
changes in ploidy.

After five days of culture, in cv. Prince, diploid (22=24), tetraploid (4x=48) and aneuploid cells
(212 =22-25) were observed. The frequency of aneuploid cells was 2.5%. Among dividing cells,
98. 09 were diploid and 2. 09 were tetraploid (Fig.3-A). After seven days of culture, the fre-
quency of diploid cells decreased to 76.5% and that of tetraploid cells increased to 11.09;. Small
numbers of haploid (x=12), triploid (3x=236) and hexaploid (6x=72) cells (Fig. 3-B) were also
observed. The frequency of aneuploid cells was 24. 59. After 14 days of culture, the frequency of
the diploid cells decreased to 44.09 and that of the tetraploid cells increased to 35.59% while
heptaploid (7x=84), octoploid (8x=96) and more hyperploid cells (»x>100) appeared (Fig. 3-C).
The frequency of the aneuploid cells was 14. 094.

After five days of culture in the case of the cv. Andes, diploid, tetrapliod and aneuploid cells (2
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Fig. 1 Chromosomes of polyploid cells from callus induced in the medium for the formation
of adventitious buds in a smooth-skined melon cultivar, Prince.
The number in each plate indicates the chromosome number. A, Diploid; B, triploid; C,
tetraploid; D, heptaploid, E, octoploid; F, hyperploid. Bars: 5 ym.

n=21-23) were observed (Fig.4-A). The frequency of the aneuploid cells was 3.0%. Among
dividing cells, 96.5% were diploid and 3. 5% were tetraploid. After seven days of culture, the
frequency of diploid cells decreased to 80. 09 and that of tetraploid cells increased to 15.5%. A
small number of haploid, triploid, octoploid and aneuploid cells also appeared (Fig.4-B). The
frequency of aneuploid cells was 16.5%. After 14 days of culture, the frequency of diploid cells
decreased to 30.09% and that of tetraploid cells increased to 27.59% while pentaploid (52 =60),
hexaploid, heptaploid, and more hyperploid cells appeared (Fig. 4-C). The frequency of aneuploid
cells was 9.5%.

Our data provide evidence that a change in the ploidy of the callus cells occured during the early
stage, after one to two weeks of culture, of adventitious shoot organogenesis of melon. A variation
in the ploidy of plant cells in tissue culture and cell culture has been reported in many plant spieces,
for example, Daucus cavota'®, Kallstroemia pubescens'?, and Citrus sinensis'®. Ronichi et all*'®
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Fig. 2 Chromosomes of aneuploid cells from callus induced in the medium for the formation
of adventitious buds in a smooth-skined melon cultivar, Prince.
The number in each plate indicates the chromosome number. Bars: 5 pm.

reported that the chromosomal variability was generated by a prophase reduction in chromosome
number and somatic meiosis after polyploidization in cultured carrot cells. In Keallstroemia
pubescens, 100% of the observed callus cells were diploid, having the original ploidy level, after 6
weeks of culture'®. In Citrus sinensis, 89. 9-94. 3% of the observed callus cells were diploid, having
the original ploidy level, after 12 weeks of culture'®. However, in the adventitious shoot of melon,
the ploidy of 56.0-70.09% of the observed callus cells differed from the original ploidy, namely,
diploidy, even after a further two weeks of culture. Therefore, in the adventitious shoots of melon,
it appears that the change in the ploidy of cultured cells progresses more rapidly than in the other
species mentioned.

In the case of plants regenerated from the adventitious buds of the cv. Prince, 69. 09 were diploid,
26. 096 were tetraploid and 5. 0% were mixoploid, consisting of diploid and tetraploid cells (Fig. 3-
D). In our previous report®, 21.69% of the plants regenerated from adventitious buds of the cv.
Prince were tetraploid. The frequency of the tetraploid plants in the present experiment was very
similar. No hyperploid or aneuploid plants were observed among the regenerated plants.

In the case of plants regenerated from the adventitious buds of the cv. Andes, 56. 0% were diploid,
37.09% were tetraploid and 7. 0% were mixoploid, consisting of diploid and tetraploid cells (Fig. 4
-D). In our previous study?, 34. 4% of the corresponding regenerated plants were tetraploid. The
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Fig. 3 Variations in ploidy of callus cells induced in the medium for an adventitious bud
formation and root tip cells of plants regenerated via adventitious bud in a smooth-
skined melon cultivar, Prince.

A, B and C show the data for callus cells after 5, 7 and 14 days of culture. D shows the
data for regenerated plants. Data for tetraploids in D were the summation of data for
tetraploid plants and mixoploid plants with diploid and tetraploid cells.
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Fig. 4 Variations in ploidy of callus cells induced in the medium for formation of adventitious
buds and of root tip cells of plants regenerated via adventitious bud in a net-skined

melon cultivar, Andes.

A, B and C show the data for callus cells after 5, 7 and 14 days of culture. D shows the
data for regenerated plants. Data for tetraploids in D were the summation of data for
tetraploid plants and mixoploid plants with diploid and tetraploid cells.

frequency of tetraploid plants in the present experiment was again similar to previously reported

value.

No hyperploid or aneuploid plants were observed among the regenerated plants.

No aneuploid plants were observed among the plants regenerated from the adventitious shoots of

melon.

Aneuploids have been useful for genetic analysis of plants.

Regeneration of plants from
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tissue culture has been used as a method for obtaining aneuploid plants. In Festuca arundinaua®
and Tviticum aestivum'™, 36% and 299% of plants regenerated from callus were aneuploid. In Lofus
corniculatus'®, no aneuploid plants were found among 72 plants regenerated from callus. Our
results indicate that the formation of adventitious shoots in melon is not a useful method for
producing aneuploid plants.

The plants regenerated from melon callus were diploid, tetraploid or mixoploid, consisting of
diploid and tetraploid cells, while the callus was composed of haploid, diploid, triploid, tetraploid,
pentaploid, hexaploid, heptaploid, octoploid and more hyperploid cells. This phenomenon was
similar for both cultivars, Prince (smooth-skined melon) and Andes (net-skined melon). In Kall-
stroemia pubescens® and Citrus sinensis'®, regenerated plants were all diploid even though a variety
of ploidies was observed in the callus. In the case of plants regenerated via adventitious shoots of
melon, it appears that the plants were regenerated selectively from the diploid and tetraploid cells.
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