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Somatic embryogenesis and plant regeneration were investigated in stem, leaf, and shoot apex
culture of melon (Cucumis melo L.). Stems of 3 varieties which had grown in a greenhouse 7-12
weeks after transplanting were cultured on Murashige and Skoog (MS) medium supplemented
with 2, 4-dichlorophenoxyacetic acid (2, 4-D), 2-naphthaleneacetic acid (NAA), 6-benzylaminopurine
(BA) and casein hydrolysate (CH). Somatic embryos developed from the explants in all tested
varieties, but the appropriate concentrations of growth regulators and CH for somatic embryo-
genesis were different among the varieties. In leaf and shoot apex culture, the leaves and shoot
apexes from aseptic plants of 2 and 11 varieties, respectively, were cultured on MS medium sup-
plemented with 2, 4-D, BA, and sucrose. Somatic embryos developed from the leaf in both tested
varieties and from shoot apex in ten tested varieties. Sucrose concentration influenced somatic
embryogenesis in these cultures, Plant regeneration was obtained by subculturing somatic em-
bryos derived from stem, leaf, and shoot apex on hormone-free MS medium.

Somatic embyogenesis was first reported in carrot by Steward ez al.'’ Somatic embryos have been
derived from various tissues of more than 70 species up to now.?” In Cucurbitaceae, somatic embryo-
genesis has been investigated in hypocotyl and cotyledon of pumpkin,®* in leaf of cucumber,” and in
mature seed of melon.®~® In melon, plantlets can not readily be induced from somatic embryos.

We are studying micropropagation of melon in order to shorten the breeding cycle of new varieties
in cross-breeding. In this case, it is necessary to obtain the explants from plants that have been eva-
luated to have good-quality fruits, disease resistance, and so on, after harvesting. Therefore, somatic
embryo must be derived from stem, leaf, and shoot apex at the ripening stage.

The present paper discusses somatic embryogenesis and plant regeneration from stem, leaf, and shoot
apex of different melon varieties.

Materials and Methods

Stem culture. Three melon varieties, ‘Earl’s Favourite Haru 1’ (Haru 1), ‘Earl’s Favourite Natsu 1’
(Natsu 1), and ‘Earl’s Favourite Aki 1’ (Aki 1), were grown in a greenhouse, and the lateral shoots
were cut 7, 7, and 12 weeks after transplanting, respectively. The lateral shoots were surface-sterilized
by immersion in 70% ethanol for 1 min and 10% hydrogen peroxide for 30 min, and then rinsed three
times with sterilized distilled water. Stems were cut into 5 cm lengths at approximately 10 cm from
the tip of lateral shoots and were cut horizontally in approximately 2 mm widths. The explants were
cultured on Murashige and Skoog® (MS) medium supplemented with 30 g// sucrose, 2 g/l Gelrite (Sanei
Kagaku Kogyo Co., Osaka), and various combinations of 2, 4-dichlorophenoxyacetic acid (2, 4-D), 2-
naphthaleneacetic acid (NAA), 6-benzylaminopurine (BA), and casein hydrolysate (CH). For somatic
embryogenesis, calli which had been derived from the explants after 6 weeks were transferred to hor-
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mone-free MS medium containing 2 g// Gelrite (MS-G medium) and cultured for 4 weeks.

In all experiments in this report, cultures were incubated at 25°C under 16-hr photoperiod (7, 000 lux).

Leaf culture. Seeds of 2 varieties, ‘Haru 1’ and ‘Prince,” were surface-sterilized by immersion in
10% hydrogen peroxide for 20 min and then rinsed three times with sterilized distilled water. Steri-
lized seeds were plated on MS agar medium (0.8% agar). The first and second leaves of 2-week-old
plants were cultured on MS medium supplemented with 2 g// Gelrite and various combinations of 2, 4-
D, BA, and sucrose for 3 weeks, and were subcultured on the same component medium for 3 weeks.
For somatic embryogenesis, calli which had been derived from the explants after 6 weeks were trans-
ferred to MS-G medium and cultured for 4 weeks.

Shoot apex culture. Seeds of 11 varieties (‘Haru 1, ‘Natsu 7,” ‘Aki 1, ‘Earl’s Favourite Fuyu 1’
(Fuyu 1), ‘Atsumi-Earl’s,” ‘Earl’s Tokai R 220,” ‘Green Pearl,” ‘Andes,” ‘Loran,” ‘Prince,” and ‘Charantes’)
were surface-sterilized by the same method as leaf culture. Sterilized seeds of ‘Green Pear!’ and ‘Loran’
were plated on water agar medium (0. 8% agar) and seeds of other varieties were plated on MS agar
medium. Approximately 0.5 mm shoot apexes excised from 1- to 2-week-old plants were cultured on
MS medium supplemented with 2 g// Gelrite and various combinations of 2, 4-D, BA, and sucrose. For
somatic embryogenesis, calli which had been derived from the explants after 8 weeks were transferred
to MS-G medium and were cultured for 4 weeks.

Plant Regeneration. Somatic embryos which developed on the calli in stem, leaf, and shoot apex
culture were subcultured on MS-G medium.

Results and Discussion

Stem culture

Somatic embryos (1-2 mm lengths or widths) developed in all 3 tested varieties, but the appropriate
medium differed among the varieties (Table 1, Fig. 1 A). Addition of casein hydrolysate (CH) to
the medium was effective in ‘Haru 1’ and ‘Aki 1, but not in ‘Natsu 7. In ‘Haru 1, the number of
somatic embryos per callus was more on MS medium containing 1 mg/! 2, 4-D, 2 mg/l NAA, 0. 1 mg/!
BA, and 100 mg// CH than on that containing 1 mg// 2,4-D, 4 mg// NAA, and 0. 1 mg/! BA without

Table 1. Effect of hormone and casein hydrolysate on callus formation and somatic
embryogenesis from stem of melon.

Hormone (mg/l) Casein Haru 1 Natsu 7 Aki 1
hydro- Callus Embrvo No. of Callus Embr No. of Callus n No. of
2,4.D NAA BA lysate fggr;la— genlz:sgrs eml:l))é'gros f:)ix;r;la- gen];s‘{so emllj);}-ros fgl;l;ma- Egertl’erz;; em;)e?ros
(mg/d) (%) (%)® callus®  (%)* (%)° callus®  (%)® (%)® callus®
1 0 0.1 0 100 0 0 100 10 1(0/1)¢ 100 0 0
2 0 0.1 0 100 0 0 100 0 0 100 0 0
4 0 0.1 0 100 0 0 100 0 0 100 104 2(0/0)
1 1 0.1 0 100 0 0 100 10 1(1/1) 100 0 0
100 100 0 0 100 0 0 100 10 1(0/1)
1 2 0.1 0 100 0 0 100 10 1(1/1) 100 0 0
100 100 10 9(2/9)¢ 100 0 0 100 10 1(0/1)
1 4 0.1 0 100 10 1(1/1) 100 10 3(3/3) 100 0 0
100 100 0 0 100 0 0 100 118 5(0/5)

2 9 to 10 explants were cultured for 6 weeks.

b 10 calli which had been derived from stems were transferred to hormone-free MS medium and cultured
for 4 weeks.

¢ The number of plantlets which were regenerated from somatic embryos by subculturing on hormone-
free MS medium.

4 Somatic embryos were derived from stems during the incubation on the medium with growth regulators.
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Table 2. Effect of hormone and sucrose on callus formation and somatic embryogenesis
from leaf of melon.

Hormone (mg//) Haru 1 Prince
Sucrose Callus  Embryogenesis  No. of Callus  Embryogenesis  No. of
2,4-D BA formation embryos formation embryos
) (%) (%)° per callus® (%)* (%) per callus®
1 0.1 30 80 0 0 100 0 0
70 92 5 1(1/1) 84 5 5(2/5)°
2 0.1 30 96 0 0 100 0 0
70 84 5 2(1/2) 100 5 1(0/1)
4 0.1 30 100 54 8(4/8) 92 0 0
70 100 0 0 100 0 0

@ 25 explants were cultured for 3 weeks.

b 20 calli which had been derived from leaves were transferred to hormone-free MS medium and cul-
tured for 4 weeks.

¢ The number of plantlets which were regenerated from somatic embryos by subculturing on hormone-
free MS medium. ‘

4 Somatic embryos were derived from leaves during the incubation on the medium with growth regulators.

lg‘. 1. Somatic emryogene51s from stem (A), leaf (B), and shoot apex (C) of melon.

CH. In ‘Aki 1, somatic embryos were frequently formed on the medium with CH, and also during
incubation on the medium with growth regulators.

Leaf culture

Somatic embryos (1-2 mm lengths or widths) developed in both ‘Haru 1’ and ‘Prince’ (Table 2,
Fig. 1B). In ‘Haru 1, sucrose concentration influenced the appropriate 2, 4-D concentration for soma-
tic embryogenesis. High 2, 4-D concentration was appropriate in the medium with 30 g// sucrose and
low 2,4-D concentration was appropriate in the medium with 70 g/l sucrose. In ‘Prince,” no somatic
embryo developed on the medium with 30 g// sucrose. Somatic embryogenesis was found during incu-
bation on the MS medium supplemented with 4 mg/! 2, 4-D, 0. 1 mg// BA, and 30 g/! sucrose in ‘Haru 1.’

Tabei et al.'® reported the influence of 2, 4-D concentration on somatic embryogenesis. This experi-
ment indicated that the appropriate 2, 4-D concentration for somatic embryogenesis was reflected in the

sucrose concentration and somatic embryos were most frequently formed in the medium with 70 g/l
sucrose.

Shoot apex culture
Somatic embryos (1-2 mm lengths or widths) developed in 10 varieties except for ‘Loran’ (Table 3,
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Fig. 1C). Many somatic embryos were formed after transferring calli from the medium containing
growth regulators to hormone-free medium, but in ‘Haru 1, ‘Natsu 7, ‘Aki 1,” ‘Fuyu 1, ‘Earl’s Tokai
R 220,” and ‘Green Pearl,” several somatic embryos developed in the initial culture medium with callus
formation. The influence of 2, 4-D on callus formation and somatic embryogenesis did not differ among
tested varieties. On the medium with 4 mg// 2, 4-D, the percentage of callus formation was low and
somatic embryos were not obtained in any of the tested varieties. Varietal differences were found in
the influence of sucrose on somatic embryogenesis. The 10 varieties in which somatic embryogenesis
was found were divided into 3 groups by the reaction to sucrose. (1) The varieties in which 30 g//
sucrose enhanced somatic embryogenesis : ‘Fuyu 1,” ‘Andes,” and ‘Prince.” (2) The varieties in which
70 g/I sucrose enhanced somatic embryogenesis : ‘Haru 1, ‘Earl’s Tokai R 220, and ‘Charantes.” (3)
The varieties in which somatic embryos were formed regardless of tested sucrose concentrations : ‘Natsu
7, ‘Aki 1, ‘Atsumi-Earl’s’, and ‘Green Pearl’. Hayashi'?’ suggested that the use of a higher sucrose
concentration was beneficial for somatic embryogenesis. In the present experiment, the appropriate
sucrose concentration was different among the tested varieties.

There were no relationships between the conditions of callus formation and of somatic embryogenesis.
Though the percentage of callus formation was high on the medium with 30 g// sucrose, no somatic
embryos developed in ‘Haru 1’ and ‘Charantes.” In ‘Loran,” callus was formed on the medium with
30 g/l and 70 g// sucrose but no somatic embryo developed.

Plant regeneration
Somatic embryos which were formed in stem, leaf, and shoot apex culture regenerated into plantlets
with normal morphogenesis (Tables 1-3, Fig. 2). But several somatic embryos developed only roots,

Table 3. Effect of 2,4-D and sucrose concentrations on callus formation and somatic
embryogenesis from shoot apex in 11 cultivars of melon.

Medium containing 1mg/! Medium containing 1mg// Medium containing 4 mg/Z
2,4-D and 30 g/l sucrose 2,4-D and 70 g// sucrose 2,4-D and 30 g// sucrose

No. of Callus Embryo- No. of No. of Callus Embryo- No. of No. of Callus Embryo- No. of
forma- somatic forma- somatic forma- somatic
genesis embryos shoot genesis embryos shoot genesis embryos

Cultivar

shoot tion tion tion

per per per
apexes (%)* (%) callus® apexes (%)? (%)® callus® apexes (%)* (%) callust

Earl’s Favourite

Haru 1 10 100 0 0.0 41 85 60°  2.3(3/14)¢ 10 30 0 0.0
Natsu 7 10 70 10c 2.0(1/272 20 20 5¢ 1.0(0/1) 10 40 0 0.0
Aki 1 10 70 30¢  3.3(5/10) 15 67 20¢  3.3(6/10) 10 10 0 0.0
Fuyu 1 10 80 20 1. 0(1/2) 15 60 7 1.0(1/1) 10 20 0 0.0
Atsumi-Earl’s 10 100 10 2.0(1/2) 19 79 11 1. 0(0/2) 10 10 0 0.0
Earl’s Tclahlz{;é 10 80 30c  5.3(10/16) 15 100 60c  3.0(19/27) 10 40 0 0.0
Green Pearl 10 100 10 5. 0(1/2) 10 50 10¢ 10.0(2/10) 10 0 0 0.0
Andes 10 70 10 1. 0(0/1) 10 10 0 0.0 10 0 0 0.0
Loran 10 70 0 0.0 10 50 0 0.0 4 0 0 0.0
Prince 10 80 20 2.5(5/5) 9 56 11 1. 0(0/1) 8 25 0 0.0
Charantes 9 67 0 0.0 10 80 10 7.0(1/7) 10 0 0 0.0

2 Shoot apexes were cultured for 8 weeks.
b Calli which had been derived from shoot apexes were transferred to hormone-free MS medium and

were cultured for 4 weeks.
¢ Somatic embryos were derived from shoot apexes during the incubation on the medium with growth

regulators.
4 The number of plantlets which were regenerated from somatic embryos by subculturing on hormone-

free MS medium.
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Fig. 2. Plant regeneration from somatic embryo
in shoot apex culture of melon.

and plantlets with multiple shoots. Several somatic embryos were expanding without plant regenera-
tion.

From the present study, it was considered possible that somatic embryos were derived from stem,
leaf, and shoot apex culture and that somatic embryos developed plantlets. Somatic embryogenesis from
stem has never been reported in melon. These culture procedures by which somatic embryos have been
induced from stem, leaf, and shoot apex may be applied to micropropagation of melon for shortening
the breeding cycle of new varieties.

Somatic embryos were not frequently derived from leaf and stem. With a view to increasing the
efficiency of somatic embryo formation, it seemed beneficial to examine the process and the varietal
difference of somatic embryogenesis. The process of somatic embryogenesis in melon was found to be
different from that in carrot. In carrot, somatic embryo has been derived from callus on the medium
without auxin after incubation of the explants on the medium with auxin.!® On the other hand, in
melon, somatic embryo developed during incubation on the medium with auxin. Therefore, it is con-
sidered that somatic embryogenesis will be affected by the medium condition at an early stage of the
induction in melon. The varietal differences in the ability of organogenesis have been reported in
tomato,’® 1% eggplant,'® Chinese cabbage,'® and cucumber.!” In this experiment the varietal differ-
ences were found not only in the ability of somatic embryogenesis but also in the appropriate medium
conditions for that. To find the optimum medium conditions for induction and development of the
somatic embryogenesis in each different cultivar of melon, further studies are required.

This work was partly supported by a grant from the Ministry of Agriculture, Forestry and Fisheries
of Japan.
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< FXEH>

*uvOE, REBICEZEMR#D O ORERER L L CHEYGEE

FILED, KERRL ERRE

EMREERSHRE
BUFE ¢ IR RSP BRI

A vy (Cucumis melo L.) OZF, KIE, EIEh LORERIE B L CEBEEE DO TR L.
XTI, EBOHEAN 3 BHEOWEMADRE Z AW, 2,4-D, NAA, BXU A%/ BEELEZ I
MS EthTHERELU. RECIDETIEFICENED SN, 3 BELE b REERERIED dhiz.
AETE, 2 BEOEBEEY > DMEZERIRL, 24D 5100 L BEESZE X MS HHTER L.
2 B E B RERFTRID o, HE U 2,4-D EEIC X 2 RERTGE ~ O B8 (2 57 h - Fo 35,
L EREIR T0g/ BB LTV XETRE, 11 REOEEEY» & FHE LEXES 24D 8L
UsBBEEAEEZ o MS B TlE L. 10 RBETAREESHR I N, RERHBREES L Ui
HEMFICRERZESED Dhie, &, ABEBLIUZEDL OES LA RERR, Ssre vid 3 MS
K TRMCEEE T 5 C Lic X D R IC A Ue.



