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The isolation, culture, and plant regeneration of protoplasts derived from callus of Phalaenopsis was estab-
lished. Callus was obtained by the culture of a lateral bud on a young flower stalk. Protopiasts were isolated
enzymatically from callus which was precultured on P basal medium (without coconut water (CW) and sucrose)
for 30 days. The first cell division was observed after 7-10 days of culture in the basal medium supplemented with
2, 4-dichlorophenoxyacetic acid (2, 4-D) or CW. After 60 days of culture, the protoplasts cultured in the medium
supplemented with 0. 05-0. 1 mg// 2, 4-D and 1096 (v/v) CW formed numerous colonies by the addition of fresh
medium. The colonies developed into small calli and turned green under continuous light condition, and small
calli produced PLBs in the same liquid medium. The PLBs derived from protoplasts regenerated shoots readily
on P basal regeneration medium (109 (v/v) CW, 0. 3% (w/v) Gelrite). The shoots developed into whole plants
after transfer onto Hypbnex medium (3g// Hyponex (N:P:K, 6. 5:6:19), 2. 0% (w/v) sucrose, 0. 05% (w/v)
activated charcoal, 0. 3% (w/v) Gelrite).

Introduction

Regeneration of plants from protoplasts is one of the essential techniques for improving plants
through somatic hybridization or genetic transformation. Efficient systems of micropropagation
using tissue culture techniques have been accomplished in many orchids®. However, reports on plant
regeneration from protoplasts of orchids are very few. In this paper, we describe the plant regenera-
tion from callus-derived protoplasts of Phalaenopsis.

Materials and Methods

1. Callus induction and culture

Callus? was obtained by the culture of a lateral bud on a young flower stalk of Phalaenopsis hybrid
(Phalaenopsis (Grand City X Texas Thunder) X Phalaenopsis (Mikawa White x Wataboushi)). To
select friable yellow callus, callus was subcultured on P basal medium® supplemented with 15% (v/
v) coconut water (CW), 2.09% (w/v) sucrose and 0. 3% (w/v) Gelrite (Fig.1-A).
2. Protoplast isolation and culture

Prior to protoplast isolation the friable yellow callus was transferred onto P basal medium
supplemented with 0. 3% (w/v) Gelrite (without CW and sucrose) and precultured at 25 °C in con-
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tinuous light (2, 500 lux provided by cool white fluorescent lamps). After 30 days of preculture, the
callus was incubated in an enzyme solution (1. 09 (w/v) Cellulase Onozuka RS, 0. 19§ (w/v) Driser-
ase, 0. 19 (w/v) Pectlyase Y-23,0.1% (w/v) CaCl,-2H,0,5.5% (w/v) sorbitol, pH 5.5) for 2 hr at
25 °C on a reciprocal shaker (40 strokes/min.). The enzyme-protoplast mixture was passed through
a nylon sieve of 32 gm pore size to remove undigested cell clumps. The protoplasts were collected
by centrifugation at 100 X g for 3 min. and washed three times with a washing solution (0. 1% (w/v)
CaCl, - 2 H,0, 5.5% (w/v) sorbitol). Then they were overlayed onto a 15% (w/v) Ficoll solution
and centrifuged at 100X g for 3 min. The protoplasts floating on the Ficoll solution were collected
and washed once with a washing solution.

Protoplasts were cultured at the density of 0. 5-1. 0x10°/m/ in 30 X 15 mm plastic petri dish with
one m/ liquid medium consisting of P basal medium supplemented with 5. 59 (w/v) sorbitol and
various concentrations of 2, 4-dichlorophenoxyacetic acid (2, 4-D) with or without 109§ (w/v) CW.
The dishes were placed in a plastic box and cultured at 25 °C in the dark. After 20 days of culture,
0.5m/ fresh medium was added to the culture dish. After 30 days of culture, the cultures were
diluted 2 times with the same liquid medium supplemented with 4. 5% (w/v) sorbitol. One m/ of the
same liquid medium (4. 5% (w/v) sorbitol) was added every 15 days and the dishes were placed
under continuous light (2, 500 lux provided by cool white fluorescent lamps) at 25°C for PLB
formation after 60 days of culture. When protoplast-derived PLBs became about 2 mm in diameter,
they were transferred onto the regeneration medium consisting of P basal medium, 109 (v/v) CW
and 0. 3% (w/v) Gelrite. When the PLBs regenerated shoots, they were transferred onto Hyponex
medium (3 g/! Hyponex (N:P:K, 6. 5:6:19), 2. 09 (w/v) sucrose, 0. 05% (w/v) activated charcoal, 0.
3% (w/v) Gelrite) for shoot development and root fromation.

Results and Discussion

While the callus was precultured on P basal medium (0. 39§ (w/v) Gelrite), the color of callus
turned green gradually (Fig. 1-B). The average yield of protoplasts from these green callus was 3 X
10° per g of callus after the whole washing procedure (Fig. 1-C). The first division was observed
after 7-10 days of culture in the culture medium supplemented with 2, 4-D or CW (Fig. 1-D, Table
1). Both 2, 4-D and CW were effective for cell division, but higher concentrations of 2, 4-D inhibited
cell division. The greatest frequency of cell division (7-8%) was observed in the culture medium
supplemented with 0. 05 mg// 2, 4-D and 10% (v/v) CW. The protoplasts cultured in the medium
supplemented with 2, 4-D and CW formed colonies (Table 1). Especially, in the medium containing
both 0. 05-0. 1 mg// 2, 4-D and 109% (v/v) CW, cells divided vigorously and numerous colonies for-
med within 30 days. The addition of 2, 4-D to the culture medium was essential to colony formation,
because no colonies was observed in the culture medium without 2, 4-D. Supplement of CW to the
medium seemed to increase the rate of colony formation. Sajise et a/.* reported plant regeneration
from the protoplasts of Phalaenopsis which were derived from calli similar to what we used.
Although they observed colony formation in basal medium supplemented only with CW, in this
study the plant growth regulator 2, 4-D was apparently more important than CW for colony
formation.

While the colonies grew slowly, they became visible after 60 days (Fig.1-E). Then the petri
dishes were transferred to continuous light condition, and the colonies developed into small calli and
turned green. PLB differentiated from greenish calli in the same liquid medium. When protoplast-
derived PLBs were placed on P basal regeneration medium (10% (v/v) CW, 0.3% (w/v) Gelrite),
shoots were readily regenerated from them within one month (Fig. 1-F) and secondary PLBs often



Fig. 1 Plant regeneration from callus-derived protoplasts of Phalaenopsis.
A Calli of Phalaenopsis on P basal medium supplemented with 10% (v/v) CW and 2. 0% (w/v)
sucrose. B : Green calli after 30 days of preculture on P basal medium (without CW and sucrose).
C : Freshly isolated protoplasts from green calli. D : The first cell division 7 days after protoplast
culture. E : Cell colonies from protoplasts about 60 days after protoplast culture. F : Shoot
regeneration from protoplast-derived PLB on P basal medium supplemented with 10% (v/v) CW.
G : A regenerated whole plant from protoplast-derived PLB in a pot with sphagnaum moss.
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Table 1. Effect of 2,4-D and coconut water (CW) on cell
division and colony formation from Phalaenopsis

protoplasts.
2, 4-D concentra- ‘e colony
tion (mg/1) Cw cell division®! formation**
0 - ++ —
0.05 + +++ +++
- ++ +
0.1 + ++ ++
- ++ +
Lo + ++ +

— + —

*1

Visual estimation;—=no ; +=poor ; ++=good ; +++ =
very good

*2 CW was supplemented at a final concentration of 1094 (v/v).

formed. The PLBs, which regenerated shoots, produced roots after they were transferred onto
Hyponex medium (3g// Hyponex (N: P: K,6.5:6:19),2.0% (w/v) sucrose, 0. 05% (w/v)
activated charcoal, 0.3% (w/v) Gelrite). Regenerated plants were transplanted into pots with
sphagnaum moss (Fig. 1-G).

Generally, plant regeneration from protoplasts of orchid was very difficult. Though we tried
previously to culture Phalaenopsis protoplasts from PLBs or leaf segments, the protoplasts never
formed colonies. Hawever, in this study, we could establish a plant regeneration system from
protoplasts in Phalaenopsis.

Although further work is necessary to enhance regeneration frequency from protoplasts of
Phalaenopsis, this study provides an experimental basis for studies on somatic hybridization and
genetic transformation in Phalaenopsis.
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