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Abstract - This research was conducted to get the basic materials necessary to obtain the somatic hybrid plant between Solanum sis-
ymbriifolium and other Solanum species (8. integrifolium and S. toxicarium). Regarding the formation of colony from the protoplast
in S. sisymbriifolium, S. integrifolium and the fused protoplast mixture; for the S. sisymbriifolium, a colony was observed in F me-
dium(Kao medium containing 5.0 mgL"' NAA, 1.0 mg'L" 2,4-D and 1.0 mg'L"' BA); and for the S. integrifolium, in G medium (a
half strength MS medium containing 0.03 M sucrose, 0.4 M mannitol, 1.0 mg L' NAA, 1.0 rng'L'l kinetin) respectively. In mixed
cultured protoplast after electriofusion treatment, the cell division and colony formation were observed in both media F and G. For
the shoot and root formation rate, there was no difference between the parent of each breed and mixed protoplast regardless of the
medium. In the fused protoplast mixture of S. sisymbriifolium and S. toxicarium, a colony formation was also observed in both me-
dia F and H(a half strength MS medium containing 0.03 M sucrose, 0.4 M mannitol, 0.1 mgL" NAA, 0.1 mg-L'1 kinetin); and there
was no difference in the shoot and root formation rate between the parent and the mixed protoplast.
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Introduction

The genus Solanum, predominantly distributed in Central and
South America (Khan, 1979), is a very large genus containing many
species. They include a lot of commercially important vegetables for
their useful leaves, fruits and tubers.

Generally speaking, the wild Solanum species had been an im-
portant source for quality traits, and thus a number of cultivated vari-
eties have been improved. Backcross is the most appropriate method
to combine resistant gene (s) of wild species into the commercial sus-
ceptible varieties. Ordinarily, materials have been advanced up to
BCs to BCs generations and therefore homozygous resistant plants
were selected in the case of resistance controlled by single dominant
gene (Kalloo, 1992). Three wild Solanum: species, S. sisymbriifolium,
S. integrefolium and S. toxicarium, however, are perfectly cross in-
compatible with each other, so that the optimal rootstock has not been
produced until now (Nishio et al., 1984; Ali and Fujieda, 1990; Ali,
1991).

Somatic hybridization is a technique which allows the manipu-
lation of cellular genomes by protoplast fusion. Its major contribution
to plant breeding is in overcoming common crossing barriers among
plant species and in organelle genetics and breeding. In this study, We

experimented with electrofusion for the production of somatic hybrid
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plants of S. sisymbriifolium and other Solanum species (S. in-

tegrifolium and S. toxicarium).

Materials and Methods

Plant material

Seeds of S. sisymbriifolium, S. integrifolium and S. toxicarium
were surface sterilized with sodium hypochlorite solution (2% active
chlorine) for 20 min and washed three times with sterilized water.
They were aseptically sown in 200 mL conical flasks containing 40
mL of MS medium (Murashige and Skoog, 1962) supplemented with
1% sucrose and 0.25% gellan gum, and incubated in the growth
cabinet. Plants of S. toxicarium were subcultured by leafy node cut-
tings on the fresh medium of the same composition at 3-weeks
intervals. Leaves of S, sisymbriifolium, S. integrifolium and S. tox-
icarium were taken from 3-4 week-old, 2 week-old and 6 week-old

plants, respectively.

Protoplast isolation

The sterile leaves were cut into stripes 1 ~2 mm in width and
placed in 80x15 mm petri dishes containing 20 mL enzyme solution
which contained 0.4 M mannitol, 0.03 M sucrose, 0.05 ~0.20% (w/v)
Macerozyme and 0.25~1.0% (w/v) Meicerase and adjusted to pH
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5.5. The dishes were sealed with parafilm and kept still at 25°C in the
dark. After 4 ~ 16 hr incubation, protoplasts were separated from un-
digested tissues and cells by successive passage through 50 pm nylon
filter. They were then washed three times in culture medium by cen-
tx‘ifﬁga:ion (100 x g, 3 min). Medium for the protoplast culture was
Kao medium (Kao, 1997) modified by the addition of 0.4 M mannitol,
0.03 M. sucrose, 5.0 mgL"' 1-naphthaleneacetic acid (NAA), 1.0 mg
L' 6b enzylaminopurine (BA).

The protoplasts were cultured as a thin layer (2 mL/dish) in 60 x 15
mm pe ri dishes at densities adjusting to 5.0 x 10* protoplasts per mL.
The dishes were sealed with parafilm and kept at 30°C for the first 7
days and thereafter at 25°C in the dark. Two mL of fresh medium was
added to each of culture dishes at 14 day intervals. Protoplast-derived

colonies of 0.5 ~1.0 mm in diameter (5 weeks old) were counted.

Protoplast fusion

The isolated protoplasts were suspended in fusion solution con-
taining 0.225 M gluéose, 0.225 M mannitol and 2.5 mM CaCl,. The
protoplast density was adjusted to 2.0 x 10° protoplasts per mL. The
protoplast suspensions of S. sisymbriifolium and S. integrifolium, or
those of S. sisymbriifolium and S. toxicarium were mixed at a ratio of
1:1 (vlv). The protoplasts were fused by means of electrofusion us-
ing a Somatic Hybridizer SSH-1 (Shimadzu Corp., Japan). A 0.8 mL
aliquot of mixed protoplast suspension was introduced into the fusion
chamber FTC-03 (Shimadzu Corp., Japan), aligned with a voltage al-
ternating current of 40 v, frequency of 1.0 MHz, voltage direct current
of 150 v (750 V-cm™ field strength), pulse width of 400 ps and pulse
of 1~ time. Following the fusion treatment, the protoplast suspen-
sion wes transferred to 60 x 15 mm petri dish and an equal volume of

two-fold strength culture medium was added.

Protoplast culture

Fused protoplasts between S. sisymbriifolium and S. integrifolium
were ct ltured in medium F (Kao medium containing 5.0 mgL™ NAA,
1.0mgL"' 2,4-Dand 1.0 mgL" BA) or G (1/2 MS medium containing
0.03 M sucrose, 0.4 M mannitol, 1.0 mgL" NAA and 1.0 mgL™" ki-
netin) (Sadohara, 1993), and those between S. sisymbriifolium and S.
toxicarium were cultured in medium F or H (a half strength MS me-
dium containing 0.03 M sucrose, 0.4 M mannitol, 0.1 mg-L'x NAA
and 0.] mg-L'1 kinetin) (Sadohara, 1993; Sadohara et al., 1993).
Protoplasts of both the fusion pairs were cultured in the dark at 30°C
for the Irst 7 days and thereafter piaced at 25°C in the dark. Two mL
of fresk media (same as each initial medium but modified with 0.2 M

mannitol) were added at an interval of 14 days.

Plant regeneration

Protoplast-derived calli of 1 ~ 3 mm in diameter (8 weeks after cul-
ture) were transferred to 100 mL conical flasks containing 30 mL MS
medium supplemented with 30 gL' sucrose, 7.0 gL' agar, 0.1 mgL™
TIAA and 1.0 mg'L" zeatin for saoot regeneration. After 4 weeks of
culture, regenerated plants were transferred for rooting on a half
strength MS medium with 5.0 g-L"' sucrose and 2.5 g-L'l gellan gum,
which is good for rooting from the regenerated plants as described by
Sadogara (1993).

Isozyme analysis

At the leaf regeneration stage, one leaf of each plant was exami-
nated for isozymes by starch el electrophoresis. The gels were
stained for isocitrate dehydrogenase (IDH) or phosphogluconate de-
hydrogenase (PGD) by means cf the methods of Wendel and Parks
(4982) and Wendel (1983).

Results

The process of electro fusion took less than 2 min per dish. Pearl
chains of 6 ~7 protoplasts were formed within 50 sec. of an A.C. field
application at 1.0 MHz and 750 veem''. Fusion between protoplasts
occurred when D.C. square pulses were applied. The exposure of
samples of protoplast mixture to i train of 2 ~3 D.C. pulses of 400 /s,
each 750 v'cm"l, resulted in a fusion rate of 40-50%. At least 20% of
the fusion products wére inthe 1 : 1 (binary) category. The frequency
of heterokaryons was not determined, since it was unable to dis-

tinguish one parent protoplasts f-om the other parent.

Solanum sisymbriifolium (+) S. integrifolium

Effect of media on colony fo:mation from protoplasts in S. sisy-
mbriifolium, S. integrifolium and fused protoplast mixture is shown in
Table 1. In medium G, protoplast division was not found in S. sisy-
mbriifolium but found in S. integrifolium, whereas, in medium F, pro-
toplasts division was not observed in S. integrifolium but observed in
S. sisymbriifolium. In mixed cultured protoplasts after electro fusion
treatment, cell division and colcny formation was observed in both
media F and G.

The rates of shoot and root fo:mation from the protoplast-derived
calli in the fusion plates were no: much different in comparison with
those of the control plates of S. sisymbriifolium or S. integrifolium pa-
rental protoplasts (Table 2).

Two hundred thirty eight shoots transferred to rooting medium

were used for analyzing isozyme patterns of IDH. The isozyme pat-
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Table 1. Effect of media on colony formation from protoplasts of S. sisymbriifolium and S. integrifolium and from fused protoplast mixture”

Medium Volume of protoplast suspension’(mi) No. of colonies
S. sisymbriifolium F 2.0 7
G" 2.0 0
S. integrifolium F 2.0 0
G 2.0 211
Fused protoplast mixture F 6.0 13
G 6.0 280

“Protoplasts obtained after electro protoplast fusion between S. sisymbriifolium and S. integrifolium.

Y Protoplast density = 5.0 x 10*mL".

*Kao medium containing 5.0 mgL”' NAA, 1.0 mgL"' 2,4-D and 1.0 mgL" BA.

* A half strength MS medium containing 0.03 M sucrose, 0.4 M mannitol, 1.0 mgL' NAA, 1.0 mgL" kinetin.

Table 2. Comparison of shoot formation from protoplast-derived calli and rooting of the shoots between 5. sisymbriifolium, S. integrifolium and
fused protoplast mxture” ’

Colony induction No. of calli No. of shoots
medium Transferred Forming shoots Transferred Forming roots
S. sisymbriifolium F* 52 27 (51.9y 50 43 (86.0)"
S. integrifolium G 52 23 (44.2) 48 39(81.3)
Fused protoplast mixture F 13 6 (46.2) 28 20(71.4)
G 280 98 (35.0) 210 173 (82.4)

" Protoplasts obtained after electro protoplast fusion between S. sisymbriifolium and S. integrifolium.

¥ Percent calli forming shoots.

* Percent shoots forming roots.

¥ Kao medium containing 5.0 mgL"' NAA, 1.0 mgL"' 2,4-D and 1.0 mgL”’ BA.

¥ A half strength MS medium containing 0.03 M sucrose, 0.4 M mannitol, 1.0 mg-LL' NAA, 1.0 mgL" kinetin.

Table 3. Effect of media on colony formation from protoplasts of S. sisymbriifolium and S. foxicarium and from fused protoplast mixture”

Medium Volume of protoplast suspension’(ml) No. of colonies
S. sisymbriifolium F 2.0 6
H" 2.0 0
S. toxicarium F 2.0 0
H 2.0 11
Fused protoplast mixture F 6.0 18
H 6.0 13

” Protoplasts obtained after electro protoplast fusion between S. sisymbritfolium and S. toxicarium.

¥ Protoplast density = 5.0 x 10*mL".

*Kao medium containing 5.0 mgL' NAA, 1.0 mg~L'1 24-Dand 1.0 mg~L'1 BA.

¥ A half strength MS medium containing 0.03 M sucrose, 0.4 M mannitol, 0.1 mg-L'1 NAA, 0.1 mg:L"' kinetin.
tern of 28 shoots regenerated in medium F was all identical and it was  §. toxicarium and fused protoplast mixture on various media were in-
the same as that of S. sisymbriifolium. The only one same isozyme  dicated in Table 3. Cell division and colony formation from the proto-
pattern was obtained in 210 shoots regenerated in medium G and in plasts of S. sisymbriifolium of S. toxicarium were not observed in ei-
the shoots of S. integrifolivm. ther medium F or H, whereas those in mixed cultures of both proto-

plasts after electro fusion treatmént, were observed in both media F

Solanum sisymbriifolium (+) S. toxicarium

Results of colony formation from protoplasts in S. sisymbriifolium,

and H.

Compared the control plates of S. sisymbriifolium or S. toxicarium
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Table 4. Comparison of shoot formation from protoplast-derived caili and rooting of the shoots between . sisymbriifolium, S. toxicarium and

fused protoplast mixture”

Colony induction No. of calli No. of shoots
medium Transferred Forming shoots Transferred Forming roots
S. sisymbriifolium F” 52 25 (48.1Y 46 41 (89.1)
S. toxicarium H 52 16 (30.8) 30 30 (100)
Fused protoplast mixture F 18 11 (61.1) 29 20(82.8)
H 13 5(38.5) 14 173 (92.9)

“Protor lasts obtained after electro protoplast fusion between S. sisymbriifolium and S. toxicarium.

¥ Percent calli forming shoots.
* Percent shoots forming roots.

*Kao medium containing 5.0 mgL"' NAA, 1.0 mgL"' 2,4-D and 1.0 mgL"' BA.
¥ A half strength MS medium containing 0.03 M sucrose, 0.4 M mannitol, 0.1 meL ' NAA, 0.1 mgL" kinetin.

to the fiision plates of S. sisymbriifolium or S. toxicarium to the fusion
plates, ‘he rates of shoot and root formation from protoplast-derived
calli wus so much different (Table 4).

Forty three shoots transferred to rooting medium were used for an-
alyzing isozyme pattern of PGD. Twenty four shoots regenerated
from tte calli cultured in medium F and 13 shoots in medium H
showec' the same isozyme patterns of S. sisymbriifolium and S. tox-

icarium, respectively.

Discussion

In this study, somatic hybrid production by symmetric fusion was
attemptad using the protoplast culture systems of Solanum sisy-
mbriifolium, §. integrifolium and S. toxicarium (Sadohara, 1993).
There a‘e reports concerning the selection of somatic hybrids by com-
bination of media (Carlson et al., 1972), of irradiation and chemical
treatmeat (Sidorov et al., 1981; Kihara et al., 1992), or of chemical
treatment and selective media (Terada et al., 1987).

The present results indicate that fusion rates of 40 ~50% were ob-
tained, which were similar to those in the fusion between §. in-
tegrifolium and S. toxicarium (Sadohara, 1993). Heterokaryon fre-
quency was not determined since the protoplasts of the fusion part-
ners we e of the same type. However, at least 20% of the fusion prod-
ucts we e estimated to be binary fusions. In a previous fusion experi-
ment using the same electric apparatus (unpublished results) with
green 1w esophyll protoplasts of S. integrifolium or S. toxicarium and
colorless cell suspension protoplasts of S. sisymbriifolium, hetero-
karyons formed one quarter of the fusion products (50% fusion rate
overall). Therefore, at least 10% of the fusion products were esti-
mated t> be heterokaryon. This frequency was 5 ~6% higher than
that reported by Sadohara (1993) for the electro fusion between S. in-

tegrifolium and S. foxicarium protoplasts.

The selection of somatic hybrids by combination of media has
been reported (Carlson et al., 1972). In the present experiments, how-
ever, the medium for selection of only hybrid could not be found. But
I found the media such as F, G and H that one parent protoplasts could
not form colonies and the other “arents could do. It is unable to de-
termine in these media whether tae calli were from one parent or so-
matic hybrid but is possible to clo that they were not from th other
parent.

Shoots regenerated from the calli cultured in these media were all
identified to be one parent by isozyme analysis. There are two possi-
ble reasons that the somatic hybrids could not be obtained. One is that
the only one parent protoplasts d: vided but heterokaryons did not di-
vide or not form colonies after division. The other is that the one pa-
rent's chromosome (s) in hybrid cell disappeared during mitotic divi-
sion at division or regenerating s-age.

In this study, I considered thai it was necessary for production of
somatic hybrids to improve culture conditions, or to use other meth-

ods as asymmetric electro fusion.
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