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Summary. Somatic hybrid plants between eggplant
(Solanum melongena) and Solanum torvum have been
produced by the electrofusion of mesophyll protoplasts
in a movable multi-electrode fusion chamber. Using hair
structure as a selection criteria, we identified a total of 19
somatic hybrids, which represented an overall average of
15.3% of the 124 regenerated plants obtained in the two
fusion experiments. Several morphological traits were
intermediate to those of the parents, including trichome
density and structure, height, leaf form and inflores-
cence. Cytological analyses revealed that the chromo-
some numbers of the somatic hybrids approximated the
expected tetraploid level (2n=4x=48). Fifteen hybrid
plants were homogeneous and had relatively stable chro-
mosome numbers (46-48), while four other hybrids had
variable chromosome numbers (35—-48) and exhibited
greater morphological variation. The hybridity of these
19 somatic hybrid plants was confirmed by analyses of
phosphoglucomutase (Pgm) and esterase zymograms.
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Introduction

Eggplant (Solanum melongena L.) is susceptible to the
soil-borne disease Verticillium dahliae Kleb. and to the
root-knot nematode (Meloidogyne incognita), both of
which are limiting factors in the production of eggplant
crops. Several desirable agronomic traits, such as resis-
tance to Verticillium wilt, Fusarium wilt (Fusarium oxy-
sporum), bacterial wilt (Pseudomonas solanacearum) and
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root-knot nematodes have been identified in the wild
species Solanum torvum Sw. (Yamakawa and Mochizuki
1978; McCammon and Honma 1983).

Attempts by McCammon and Honma (1983) to cross
eggplant with S. torvum, the latter being used as the pol-
len parent, yielded only a few viable seeds which subse-
quently gave rise to highly sterile F, plants. Somatic
hybridization by protoplast fusion is expected to provide
a new possibility for increasing genetic variability, and
also a means of transferring desirable traits into egg-
plant. Prerequisite protocols for regenerating plants from
protoplast cultures in both eggplant (Bhatt and Fassulio-
tis 1981; Jia and Potrykus 1981; Saxena et al. 1981; Guri
and Izhar 1984; Gleddie et al. 1986a; Sihachakr and Du-
creux 1987a) and S. forvum (Guri et al. 1987) have al-
ready been developed. Somatic hybrids have also been
obtained from PEG fusion between eggplant and
S. sisymbriifolium (Gleddie et al. 1986b).

The present report describes the successful somatic
hybridization between eggplant and S. rorvum using elec-
trofusion. This technique has also been used successfully
for producing somatic hybrid plants of eggplant and
S. khasianum (Sihachakr et al. 1988).

Materials and methods

Plant materials

Seeds of Solanum melongena (cv ‘Dourga’, white fruit) and
S. torvum, kindly provided by Dr. B. Denoyes, IRAT, Guade-
loupe, were aseptically sown on agar-solidified (7 g/1), hormone-
free MS basal medium (Murashige and Skoog 1962) containing
vitamins (Morel and Wetmore 1951) and 2% (w/v) sucrose. The
plants were then propagated by subculturing leafy node cuttings
on the same medium at 4-week intervals. Environmental condi-
tions were 12 h/day illumination (62 pE/m?/s), 27°C and 60%
humidity.



Protoplast isolation

The sources of the protoplasts were leaves taken from 3 to
4-week-old plants. Protoplasts were prepared according to the
methods of Sihachakr and Ducreux (1987a). Prior to fusion,
protoplasts were first washed once in 2 0.5 M mannitol solution,
then suspended in this solution at a density of 3 x 10%/ml and
finally stored on ice.

Electrofusion apparatus and fusion procedure

The electric apparatus and the fusion procedure have previously
been described by Sihachakr et al. (1988). Briefly, a movable
fusion chamber (500—700 pl capacity) consisting of 12 parallel
electrodes (2 mm apart) was connected to both a function gene-
rator (Enertec 4415) and a generator of D.C. square pulses
(self-constructed unit). The movable multi-electrodes were
placed into a 15 x50 mm petri dish containing a 500—700 pl
aliquot of a mixture (1:1) of mesophyll protoplasts of both
species. In order to align the protoplasts, we applied 15s of
A.C.-field at 125 V/ecm and 1 Mhz to the protoplast mixture;
subsequently, two D.C. square pulses developing 1.2 Kv/cm for
20 ps each were applied to achieve protoplast fusion. During the
electro-pulsing process, the A.C. field was automatically
removed. After the fusion treatment was complete, the movable
electrodes were transferred into the next petri dish. The fusion
process was followed under an inverted microscope. Two inde-
pendent fusion experiments, and control cultures of parental
protoplasts without fusion were performed.

Protoplast culture

Immediately after the fusion process, 6 ml culture medium
(Sihachakr and Ducreux 1987 a) was progressively added to the
fused protoplast mixture. The culture medium was KMS8p
(Kao and Michayluk 1975) supplemented with 0.2 mg/l
2.4-dichlorophenoxyacetic acid (2,4-D), 0.5 mg/l Zeatin, 1 mg/l
a-naphthaleneacetic acid (NAA), 6.5% (w/v) glucose as osmoti-
cum and 0.05% (w/v) 2-(N-morpholino)-ethanesulphonic acid
(Mes). Protoplasts were initially cultured in the dark at 27°C for
7 days. Afterwards, they were exposed to 12 h/day illumination
at 62 pE/m?/s.

At day 20, the cultures were diluted 8 times with the same
liquid medium, but the growth regulators were replaced with
0.1 mg/i zeatin (Sihachakr and Ducreux 1987b). For each fusion
experiment, a random sample of 600—-700 protoplast-derived
calli 2-4 mm in diameter (6—8 weeks old) was taken from the
culture dishes. The calli were transferred onto the regeneration
medium which consisted of MS + vitamins (Morel and Wetmore
1951) +2% (w/V) sucrose +0.7% (w/v) agar and 2 mg/l zeatin.
Shoots were excised from the callus and rooted on hormone-free
MS medium,; the rooted plants were then transferred into the
greenhouse (16 h/day) illumination at 180 uE/m?/s, 20°-30°C
and 80% humidity).

Identification of somatic hybrids

Early identification of somatic hybrids was accomplished by
screening regenerated plants for hair morphology: juvenile
shoots of eggplant were covered with very small glandular hairs
and branching hairs (Fig. 1 A), while those of S. torvum were
covered with non-branching glandular hairs (Fig. 1 C). These
selection criteria were based on the observations that (1} very
long-stalked glandular hairs were densely scattered over the
shoots of the somatic hybrids (Fig. 1 B) and (2) under the cul-
ture conditions described here, we were unable to obtain plant
regeneration from S. torvum protoplasts.

Chromosome counting

Root tips were pretreated with a saturated solution of
a-chloronaphthalene for 2—-3 h at room temperature, fixed in
ethanol glacial acetic acid (3:1, v/v) for 24 h and hydrolysed in
5N HCl for 30 min. The preparation was then stained with
acetocarmine.

Isoenzyme analysis

Isoenzyme analysis was performed either on young leaves of
greenhouse-grown plants or on shoots from in vitro cultures.
Samples of plant materials were homogenized in a 0.2 M TRIS-
HCI buffer, pH 8.5, containing 0.03% (v/v) 2-mercaptoethanol,
20% (w/v) sucrose, 0.32% (w/v) sodium thiosulfate and 0.32%
(w/v) PEG. Phosphoglucomutases (Pgm) (E.C. 2.7.5.1) were
separated by electrophoresis on 13% starch gels (Smithies 1955)
and esterases (E.C. 3.1.1.2), on polyacrylamide gels (Ornstein
1964). Stein formulations were as described by Vallejos (1983).

Results and discussion

Following protoplast alignment, the application of 2
D.C. square pulses of 1.2 Kv/cm for 20 ps each resulted
in an average fusion rate of 35%. Heterokaryon frequen-
cy was not determined since the protoplasts of the fusion
partners were of the same type. However, 20% of the
fusion products were estimated to be binary fusions. In a
previous fusion experiment using the same electric appa-
ratus (unpublished results) with green mesophyll proto-
plasts of Solanum tuberosum and colourless cell suspen-
sion protoplasts of Nicotiana sylvestris, heterokaryons
formed one quarter of the fusion products (50% fusion
rate overall). Puite et al. (1986) estimated that hetero-
karyons formed 6% of the fusion products obtained
when S. tuberosum and S. phureja were subjected to elec-
trofusion using a movable multi-electrode system.

One week after the electric treatment, the frequency
of protoplast division averaged 15%, which was slightly
lower than the 17.5% reported by Sihachakr et al. (1988)
for the electrofusion between eggplant and S. khasianum
protoplasts. The highly diluted state of the cultures on a
low zeatin medium resulted in a rapid growth of calli:
they reached a diameter of 2—4 mm within 6—8 weeks.
Plant regeneration, generally one shoot per callus
(Fig. 1 D), occurred 4—6 weeks after the calli were trans-
ferred onto regeneration medium, its frequency averaged
9.2% (Table 1).

Using hair structure as selection criteria (Fig. 1 B), we
were able to select 19 putative somatic hybrid plants
derived from 19 individual calli. When grown to maturity
in a greenhouse, most of these were relatively homoge-
neous in their morphology (Fig. 11). The exceptions,
four plants, showed variations in leaf morphology and
shoot height: they had irregular leaf forms, retarded de-
velopment and difficulties in rooting; consequently, their
height was considerably reduced. Several traits of most
of the putative somatic hybrids were intermediate to



those of the parents (Table 2). The putative hybrids close-
ly resembled eggplant in their height in maturity, but
were only one-fourth of the height of S. torvum. The
leaves were either lobed or slightly divided and light-
green in colour (Fig. 1 H). The shoot tips were densely
covered with a very thick white pubescence, as in egg-
plant, but the leaf veins and the stems had long spines,
and the stems exhibited the presence of anthocyanin, as
in S. torvum.

During this study, five hybrid plants recently flow-
ered: they took 3 months to initiate flowers; eggplant nor-
mally requires 2 months and S. torvum at least 6 months
under the conditions described here. Novel characteris-
tics relating to precocious flowering have also been ob-
served in the somatic hybrids of eggplant and
S. sisymbriifolium (Gleddie et al. 1986b), those of egg-
plant and S. khasianum (Sihachakr et al. 1988) and in
those of Moricandia arvensis and Brassica oleracea,

Table 1. Number and percentage of regenerated plants (defined
as percentage of calli regenerating shoots relative to the total
number of calli subcultured on regeneration medium) and num-
ber and percentage of hybrids occurring among regenerated
plants

No. and % No. and %
of regenerated of hybrids among
plants regenerated plants

Experiment 1 66/ 650 (10.2%)
Experiment 2 58/ 700 (8.3%)
Total 124/1,350  (9.2%)

9/66 (13.6%)
10/58 (17.2%)
19/124 (15.3%)

where flowering no longer required vernalization
(Toriyama et al. 1987).

The inflorescence of the putative somatic hybrids was
a cyme as in S. forvum, but had a long spike, as in egg-
plant (Fig. 1 F). The number of flowers per inflorescence
was lower and the flower size was larger than that of
S. torvum (Table 2). Somatic hybrid flowers and those of
S. torvum parental plants failed to mature under our
greenhouse conditions, although they did develop suffi-
ciently for some detailed morphological observations.
The flowers with a long calyx (Fig. 1 F) closely resembled
those of eggplant (Fig. 1E); those of S. torvum had a
short calyx and were minuscule in size (Fig. 1G).

The chromosome numbers of the 15 putative hybrids
varied between 46 and 48: this approximated the ex-
pected tetraploid level (2n=4x=48 chromosomes). The
relative stability of chromosome numbers undoubtedly
accounted for the homogeneity of these 15 putative hy-
brid plants. The remaining four plants which showed
variable chromosome numbers ranging from 35 to 48
exhibited greater morphological variation. Relatively
stable chromosome numbers in the majority of the puta-
tive hybrids may be related to the use of mesophyll proto-
plasts. This was also the situation of the somatic hybrids
of eggplant and S. khasianum, which were all tetraploid
(2n =4x=48 chromosomes) and relatively homogeneous
(Sihachakr et al. 1988). In contrast, the somatic hybrids
recovered from cell suspension protoplasts exhibited a
higher variation in chromosome numbers than was nor-
mally generated when mesophyll protoplasts were fused
(Schieder and Kohn 1986). That was also the case egg-
plant and S. sisymbriifolium were fused using cell suspen-

Table 2. Chromosome number and morphological characteristics of Solanum melongena, S. torvum and their hybrids

S. melongena Hybrids S. torvum
Chromosome number 24 15 plants: 4648 24
4 plants: 35-48
Height 50--60 cm 50—60 cm 200-250 cm
Anthocyanin Absent Present Present
Leaf form Lobed Lobed at juvenile stage, slightly Deeply divided

divided at adult stage

Leaf-blade base United

Spine location Calyx, leaf veins

Hair structure Very small glandular hairs

and branching hairs

Slightly divided

Stem, petiole leaf veins

Densely covered with a mixture
of long branching hairs and very
long-stalked, glandular hairs

Divided, partially superposed
at the junction with the petiole

Stem, petiole, leaf veins

Non-branching glandular hairs
at juvenile stage, but branching
hairs at adult stage

Flowering Solitary flower Cyme (4-15 flowers) with a long Cyme (30—40 flowers)
spike
Flower Calyx: long Calyx: long Calyx: short

Petals: united and mauve

flowers aborted prematurely

Petals: united and white
according to McCammon and
Honma (1983)
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sion protoplasts: the majority of the somatic hybrids had
38-48 chromosomes and were phenotypically hetero-
geneous (Gleddi et al. 1986Db).

Species-specific differences in the isoenzymes of phos-
phoglucomutase (Pgm) and esterases were observed be-
tween eggplant and S. torvum (Fig. 1J, K). Evidence of
hybridity of the 19 selected regenerants was further pro-
vided by the banding patterns of both Pgm (Fig. 1J) and
esterase (Fig. 1K) activities which were composed of
bands found in both parents.

The fact that the 19 confirmed hybrid plants ac-
counted for an average of 15.3% (Table 1) of the regen-
erated plants suggested that they certainly exhibited hy-
brid vigour which was expressed, in this case, by a higher
capacity for earlier regeneration. Similar results were ob-
tained for somatic hybrid plants of eggplant and
S. khasianum which exhibited stronger hybrid vigour in
their ability to regenerate plants, since at least 50% of the
173 regenerated plants were identified as somatic hy-
brids. Consequently, no particular selection methods
have been used to recover somatic hybrid plants (Siha-
chakr et al. 1988). The complementary action of the pa-
rental genomes resulted in an exhibition of high regen-
erative capacity. In the somatic hybridization between
Moricandia arvensis and Brassica oleracea, somatic hy-
brids were also successfully recovered without any selec-
tion methods (Toriyama et al. 1987). Similar results were
reported for the fusion between Citrus sinensis and Pon-
cirus trifoliata protoplasts (Grosser et al. 1988).

The great resemblance between somatic and F,
sexual hybrids, described by McCammon and Honma
(1983), especially in leaf form, spin-ness, inflorescence
type and number of flowers per inflorescence, provides
further evidence for the hybridity of somatic hybrids of
eggplant and S. rorvum. Similar observations have been
reported for hybrids of eggplant and S. khasianum (Shar-
ma et al. 1980; Sihachakr et al. 1988), and those of Lorus
species {Wright et al. 1987).
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«

Fig. 1. A-C The lower leaf surface of juvenile shoots of A egg-
plant note the very small glandular and branching hairs), B a
somatic hybrid note the high density of very long-stalked glan-
dular hairs and branching hairs and C S. torvum (glandular hairs
only). Photographs were all reproduced on the same scale by
scanning electron microscopy. D Regenerated shoot of a somatic
hybrid. E-G An inflorescence of E eggplant with a solitary
flower, F somatic hybrid with a long spike having 4-15 flowers
and G 8. torvum with 30—-40 minute flowers. H Leaves of egg-
plant (Sm), somatic hybrid (SH) and S. torvum (St); I parental (Sm
and St) and somatic hybrid (SH) plants. J and K electrophoresis
banding patterns of J Pgm and K esterases from a sample of
somatic hybrids (lanes 1-11 for Pgm, and lanes 1-10 for ester-
ases), eggplant (Sm), S torvum (St), and a mixture of both parents
(Sm+St)

This study has shown that somatic hybrid plants of
S. melongena and S. torvum can be produced by proto-
plast electrofusion. Future efforts will be focussed on the
determination of the environmental conditions required
to obtain flower maturity in somatic hybrids. However,
eggplant somatic hybrids were sterile, those of eggplant
and S. sisymbriifolium produced anthers without pollen
(Gleddie etal. 1986b) and those of eggplant and
S. khasianum had a pollen viability of 12% (Sihachakr
et al. 1988). Further research is needed to elucidate hy-
brid sterility and to restore fertility. Moreover, somatic
hybrid plants must be evaluated for the inheritance of
desirable agronomic traits.

The results of this study together those of our pre-
vious work (Sihachakr et al. 1988) demonstrate the effec-
tiveness of the electrofusion technique, which can be used
as a routine fusion procedure for somatic hybridization.
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