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Colony formation of mesophyll protoplasts isolated from micropropagated carnation plantlets
was .investigated. Abscisic acid (ABA) pretreatment of the leaf segments enhanced the colony
formation of protoplasts while water pretreatment inhibited. When donor tissues were pretreated
with 10 mg/! ABA for 12 hours, over 40% of the protoplasts successively divided and formed
colonies.

There have been many reports on the isolation, colony formation and plant regeneration of proto-
plasts in various plant species. However, it is still difficult to obtain high plating efficiency in proto-
plast-culture in many species. Not only culture medium, but also the environmental and nutritive
conditions for source plants affected the yield, viability and cell division of protoplasts.!=® Several
other factors, such as sterilization procedures, growth stages (age) of the donor tissues, purification
of the enzymes, and pretreatment of the donor tissue with mineral and hormonal solution also affect
the yield, viability and cell division of protoplasts.¥ Cold conditioning of the donor tissue was also
reported to enhance plant regeneration from protoplast cultures.®

The isolation and culture of carnation mesophyll protoplasts from preconditioned tissues were inve-
stigated.

Materials and Methods

Plant material. Rooted cuttings of Dianthus caryophyllus L. cv. Pallas (Miyoshi Nursery Co.
Ltd., Tokyo, Japan) were grown in a greenhouse. The apical meristems (0.2-0.3 mm long) were
aseptically excised and placed on half strength of Murashige and Skoog’s®’ basal medium supplemented
with 0. 1 mg/l indole-3-acetic acid (IAA) and 2.5 mg// gibberellic acid (GAs) for 2-4 months at 25°C
under continuous fluorescent light (about 3,000 lux). The developed plantlets were transplanted to
Murashige and Skoog’s medium containing 0. 1 mg// «-naphthaleneacetic acid (NAA) and subcultured
every 2-3 month under the same conditions. Leaves of 2-3 months old plantlets iz vitro were cut
into small segments for the preparation of protoplasts.

Chemicals. Cellulase Onozuka R-10 and Macerozyme R-10 were purchased from Yakult Pharmac-
eutical Industry Co. Ltd., Nishinomiya, Japan. The pH of the enzyme solution was adjusted to 5.5
with 0. 1~ NaOH or 0.1~ HCI and sterilized with 0.22 ym membrane filter (Millipore Corporation,
Massachusetts, USA) prior to isolation of protoplasts. ABA, IAA, NAA, 2, 4-dichrolophenoxyacetic
acid (2, 4-D), kinetin, GAs (Sigma Chemical Co. Ltd., St. Louis, USA) and agar (Shimizu Foods Co.
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Ltd., Shimizu, Japan) were used in this experiment. ABA solution adjusted to pH 5.75 with 0.1~
NaOH was filtered with the Millipore filter. The other media were autoclaved at 121°C for 15 min.

Pretreatment. Cold treatment ; The leaf segments and the plantiets iz vitro were incubated at 5°C
in the dark or under continuous diffused light (about 50 lux).

ABA treatment ; The leaf segments were incubated on a reciprocal shaker (60 strokes/min) at 25°C
under fluorescent light (about 3, 000 lux) in a medium with 0 mg//, 1 mg/l or 10 mg/l ABA, respec-
tively. After the pretreatment, the leaf segments were wiped to dry with sterilized filter papers.

Isolation of protoplasts. After the removal of upper epidermis with forceps, the leaf segments
were incubated in an enzyme solution containing 2% (w/v) Cellulase Onozuka R-10, 0.5% (w/v)
Macerozyme R-10 and 0.7 M mannitol at 30°C on a reciprocal shaker at 60 strokes/min for 4-5 hr.
After filtration through a 40 #m nylon mesh, isolated protoplasts were washed twice with 0.5M man-
nitol and once with culture medium by centrifugation at 60%x 4 for 5 min.

Culture of protoplasts. The protoplasts were suspended and diluted to 5X 10*/ml with Murashige
and Skoog’s medium containing 0. 25 M mannitol, 1 mg/l 2,4-D and 0. 1 mg/! kinetin. Five ml of the
protoplast suspension was cultured in glass petri dishes (6 cm¢) at 25°C under diffused continuous light
(about 500 lux).

Determination of plating efficiency. After 2 weeks of culture, the numbers of colonies, protoplasts
and dead cells were counted under an inverted microscope. Plating efficiency was calculated as follows ;
plating efficiency =number of coloniesx 100 (% )/total numbers of colonies, protoplasts and dead cells.

Results and Discussion

In the first step of the study, protoplasts were isolated from leaves of plants grown in the greenhouse.
In this case, however, yields of the protoplasts were not stable. Therefore, the method of in wvitro
cultivation of plantlets were established to grow under regulated conditions. The plantlets from apical
meristems were micropropagated at regular intervals. Although total yield of protoplasts is low due to
their small leaves, it was shown that micropropagated plantlets are a better source for the isolation of
protoplasts than lea es of house-grown plants for the constant yields of protoplasts.

Cold treatment (3-7 days) of the leaf segments prior to isolation of protoplasts enhanced the yields
of protoplasts up to 4.5 times, although cell division was not increased by this treatment (Table 1).
The same treatment on the plantlets affected both the yield and plating efficiency of the protoplasts.
In the plantlets, however, the efficiency was not stable from experiment to experiment, suggesting the
implication of some other factor(s) in the cold treatment of plantlets (Table 2). These facts suggest
that the cold treatment changes the composition of the cell walls and/or enhances the stability of the
protoplasts. But the effect was lowered by the treatment longer than 7 days. Other factors, such as
synthesis of ethylene under the stress, may lower the cell viability.”

ABA treatment enhances the yield of the protoplasts (Table 3). Water treatment was reported to

Table 1. Effect of cold treatment of carnation leaf segments on the
yield and plating efficency of protoplasts.

. : 3 o)

Tr(eda;;,gm (x10° g:ili)lasts/g Plating efficiency (%)
FW leaves) Light Dark

0 22.6% 6.6 1.6+0.8 1.5+0.5

1 37.6t 6.1 2.3%£0.8 2.1+0.7

3 98.5+14.3 2.8%£0.6 4.6x1.4

7 91.8%15.4 1.4£0.8 2.7%0.8

14 72.8+t11.8 1.2+0.4 1.6x£1.3

28 156.2+ 3.1 1.1£0.2 not tested

Values are means*standard deviation(SD), #=5. At least 2, 000 protoplasts
were counted in each determination.
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Table 2. Effect of cold treatment of carnation plantlets in vitro on
the yield and plating efficiency of protoplasts.

Yield Plating efficiency (%)
Tr((i))aim(;nt (x 10% protoplasts/g
ys FW leaves) Experiment I Experiment II
0 22.6x 6.6 7.4+1.4 4.4=0.6
3 78.8+11.4 18.1£3.3 3.9%1.0
7 7.7 7.7 5.7x£1.2 28.2+5.5
14 75.5+10.2 7.7£1. 4 8.0%3.0
28 57.2%+ 9.4 22.8%6.2 5.0+1.4

Values are means=SD, n=5. At least 2,000 protoplasts were counted in
each determination.

Table 3. Effect of abscisic acid pretreatment* on the yield and plating
efficiency of carnation mesophyll protoplasts.

Concentration Yield Plating efficiency (%)
o (X 105 protoplasts/g
ABA (ppm) FW leaves) Light Dark
0 96.3£16. 1 0.740.2 5.7+2.2
1 125.0£13.9 3.3%0.9 6.244,1
10 118.5£12.5 44,75, 6 35.3+3.5

* Source leaves were treated with ABA before isolation of protoplasts
for 12 hr.
Values are means®SD, n=5. At least 2,000 protoplasts were counted in
each determination.

enhance the yield of protoplasts from leaves of deciduous trees, and it was suggested that the treatment
changes the composition of the cell walls.®> In the present study, a similar effect was also shown by
the water treatment, but ABA treatment resulted in the higher yield. This fact suggests that ABA
changes the cell wall composition or the stability of the cell, too, but the effect was a little.

Additionally, the ABA treatment remarkably promoted a colony formation of the mesophyll proto-
plasts (Table 3). When the donor tissues were preincubated in 10 mg// ABA for 12 h, 44.7% of the
protoplasts divided and most of them formed colonies (Fig. 1). Preincubation of the leaves in water
as a control experiment allowed only 1. 2% of the protoplasts to divide. The pretreatment with 1 mg/l
ABA enhanced cell division slightly. When the donor tissues were pretreated with water or 1 mg//
ABA, the protoplasts well divided in the dark rather than in the continuous light. The effect of the
pretreatment with 1mg// ABA was as the same as that of the pretreatment with water when the
protoplasts were cultured in the dark. Pretreatment with 10 mg// ABA promoted the plating efficiency
as far as 35.3% in the dark, and higher plating efficiency (44.7%) was obtained in the continuous
light. Moreover, the ABA pretreatment did not affect further growth of the colonies. These results
offer several assumptions. The first one is that the ABA pretreatment enhances mitotic activity of the
cells and the effect is not counteracted by the preparation of protoplasts. The second is that the stress
by the pretreatment lowers mitotic activity of the cells in continuous light but did not in the dark. The
third is that ABA reduces the damages of the cells by the stress. The fourth is that the effect of ABA
is higher in the continuous light than in the dark.

Using cotyledonary protoplasts of Pinus pinaster, David and David suggested that the pretreatment
with the mineral salts and hormonal solution stimulated cell division of the protoplasts.”’ Since the
solution used by them contained many mineral salts and hormones, it is not clear which factor was the
most effective. In the present study, pretreatment with ABA solution is needed for isolation and culture
of the protoplasts reproducibly. The protoplasts from the plantlets grown under the regulated conditions
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Fig. 1. Carnation mesophyll protoplasts and the colonies from the protoplasts.
a) Freshly isolated mesophyll protoplasts, b) colonies derived from
the protoplasts isolated from leaves which had been pretreated with
water for 12hr, c¢) colonies derived from the protoplasts isolated from
leaves which had been pretreated with 1 mg// ABA for 12hr, d) colonies
derived from the protoplasts isolated from leaves which had been
pretreated with 10 mg// ABA for 12 hr.

Table 4. Yield and plating efficiency of protoplasts from various
developmental stages of carnation leaves.

Yield Plating efficiency (%)
Developmental stage (X 10® protoplasts/g
FW leaves) Light Dark
Not fully expanded young leaves® 41.9%9.1 4.4%x1.5 2.6x1.7
Fully expanded young leaves® 26.8%5.2 3.8%x1.0 5.3x1.1
Mature leaves®’ 16.7+6.0 14.4£3.5 10.9%2.2

Values are means®=SD, n=5. At least 2, 000 protoplasts were counted in each determination.

@ The youngest (uppermost) three pairs of the leaves in each plantlet in vizro which is 8-12cm
tall and has 8-12 pairs of leaves.

Y Intermediate 2-6 pairs of the leaves in each plantlet in vitro which is 8-12 cm tall and has 8-12
pairs of leaves.

©> The oldest (lowest) three pairs of the leaves in each plantlet in witro which is 8-12cm tall
and has 8-12 pairs of leaves.

may not need so many factors as their experiments for preconditioning.

Stimulation of senescence by ABA have been reported in excised leaf segments.!® Our result that
the plating efficiency of mesophyll protoplasts of old leaves was higher than that of young leaves
(Table 4) suggests some changes induced in the cells or tissues by ABA may promote cell division of
the protoplasts. Several workers suggested that cold treatment affected the component of plasma mem-
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branes in which ABA binding sites were located.!*=*# In addition, a similar effect of ABA on plasma
membranes was reported.!®'? The effects of cold conditioning and ABA pretreatment on colony forma-
tion from the mesophyll protoplasts suggest that the mitotic activity of protoplasts closely relates to the
statement of the plasma membranes. In order to obtain high plating efficiency of protoplasts, ABA
pretreatment may be an advantageous method. Further investigation is required to discuss the mecha-
nism of the effect of ABA on cell regeneration from mesophyll protoplasts.

We wish to thank Miyoshi Nursery Co. Ltd. for the kind supply rooted cuttings of carnation.
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