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Plant Regeneration from Shoot Tip-Derived
Embryogenic Callus of Dianthus superbus
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The highest degree of callus formation was obtained from the shoot tips of Dianthus superbus
when cultured on the MS medium supplemented with 2.0 mg/L. NAA and 0.5 mg/L BAP.
Embryogenic calluses were obtained from the seperated friable calluses on MS medium contai-
ning 2.0 mg/L. 24-D after 7-8 wk of culture. For plant regeneration, embryogenic calluses
were selected and cultured on the proliferation medium. After 3 wk, somatic embryos appeared
on MSK medium (0.5 mg/L NAA, 2.0 mg/L kinetin) and N; medinm (2.0 mg/L kinetin, 0.1
mg/L. NAA, 0.1 mg/L 2,4-D and 2.0 g/L casein hydrolysate). When these somatic embryos
were kept under continuous illumination, shoots were successfully regenerated on the both media.
The shoots were rooted on MS medium supplemented with 2.0 mg/L. NAA.
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The study of plant morphogenesis has one rcsca-
rch area with which tissue culture has been associa-
ted and another in which the use of the in vitro tech-
nology has made significant contributions to both
fundamental knowledge and application (Thorpe,
1990). In particular, understanding of the processes
of somatic embryogenesis has been clearly enhanced
through the use of tissue cultures. As an approach
to plandet regeneration, somatic embryogenesis has
several advantages. The advantages include the effi-
ciency of the process, the potential for the produc-
tion of much higher number of plantlets, and the
morphological and cytological uniformity of the pla-
ntlets.

Auxin was known to regulate the induction and
development of embryogenesis (Fujimura and Ko-
mamine, 1979). 24-D-induced suppression of embryo
maturation may be mediated through endogenous
ethylenc production (Wochok and Wetherell, 1971).
Ethephon releases embryos without an appreciable
reduction in the growth and multiplication of the
embryogenic clumps in suspension cultures of carrot.
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Moreover, it has been shown that the auxin-grown
tissue cultures of carrot produce more ethylence than
auxin-free cultures (Pinfield er al., 1991). High ethy-
lene content would result in enhanced activity of
cellulase, pectinase or both causing breakdown of
the clumps before polarity is established in the proe-
mbryos for further organized development. Thus in
24-D contained medium tissue multiplication goes
on but mature embryos do not appear. Besides au-
xin, the form of nitrogen in the medium and cell-
to-cell interaction significantly affects in vitro embry-
ogenesis (Halperin and Wetherell, 1965).
Micropropagation methods are currently used on
a commercial scale for herbaceous, ornamental and
horticultural plants. The genus Dianthus contains a
large number of commercially important ornamen-
tals such as carnation, indian carpet, chinese pink.
Dignthus superbus. But among them methods of cell.
tissue and organ culture have been developed for
carnation only. In case of carnation, adventitious
shoots formation from petals (Kakehi, 1979; Gimelli
et al., 1984; Frey and Janick, 1991: Lu er al., 1991),
anthers (Villalobos, 1981), stem segments (Roest and
Bokelmann, 1981; Radojevic er al., 1990; Frey and
Janick, 1991) and axillary bud explants (Miller ez
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al, 1991) have been reported.

This report describes the ¢ondition for the effective
shoot formation from embryogenic calluses by using
explants of Dinathus superbus. We have studied the
effect of plant growth regulators and culmre condi-
tions on the regeneration of the plant. In this respect,
the work reported here establishes the first protocols
for embryogenesis and micropropagation of this
species and this information is of interest to those
involved in studies of differentiation and determina-
tion at the cell, tissue and organ levels.

MATERIALS AND METHODS

Plant materials

Seeds of Dianthus superbus L. were obtained from
the Alpine Experiment Station, RDA, Korea, Seeds
were surface sterilized in 4% sodium hypochlorite
with two drops of Triton-X 100 per liter for 30 min,
then rinsed 5 times with sterile distilled water. They
were germinated in the light on solid medium wi-
thout growth regulators. After germinated in vitro, di-
fferentiated plantlets were used for subsequent expe-
riments.

Callus induction

Shoot tip explants trimmed to 0.5-0.7 cm height
and leaf segments cut in 0.5-0.7 cm? were used to
callus induction. All explants were placed in petri
dishes 85 cm in diameter with 20 mL of culture
medium containing MS basal salt mixture (Sigma
MS5524). The effect of different concentrations of 24-
D, NAA and BAP on the formation or induction
of callus was tested. Cultures for callus induction
were maintained in the dark at 27C . The petridishes
containing explants were sealed with parafilm. Each
experiment was repeated more than 5 times.

To ensure that only pure callus used in the rege-
neration experiment, necrotic tissues were discarded
and only the soft and friable calluses formed on
the basal part of the cultures were selected and used
in the subsequent experiments.

Induction of embryogenic callus

In order to investigate induction of embryogenic
calluses, these collected calluses were designed 0.5X
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0.5 cm size and then transferred to a fresh MS me-
dium supplemented with 24D (0, 0.1, 0.5, 1.0, 20
mg/L). Four callus pieces were used per treatment.
The calluses were subcultured 2-3 times every 30 d.
Cultures were maintained at 27C in the dark

Proliferation of somatic embryos

After 7-8 wk of subculture, embryogenic calluses
were selected and placed on many combinated me-
dia for the proliferation of somatic embryos. The
effect of various concentrations of NAA in combina-
tion with BAP or kinetin was investigated. Ny me-
dium containing only N basal salt mixture (Sigma
C1416), MS modified vitamin powder (Sigma M68
96), various plant growth regulators and casein hyd-
rorysate (2.0 g/L) was also tested.

Primordial shoots and plant regeneration

The proliferated somatic embryos were transferred
to the regeneration medium and kept at 27C under
continuous illumination (21.5 pE-m™-s7"). Differe-
ntiated shoots, 5 mm in height, were seperated from
the calluses and cultured on MS medium with or
without 2.0 mg/I. NAA for rooting. Regenerated pla-
nts with established root systems were acclimatized
themselves to water, and then transferred to pots.

RESULTS AND DISCUSSION
Callus induction

The effect of plant growth regulators on callus in-
duction from leaf segments and shoot tip of D. super-
bus was investigated. Calluses were induced when
the leaf segments and the shoot tips of D. superbus
were explanted on a revised MS medium suppleme-
nted with 24-D, NAA and BAP (Table 1).

The combination of NAA and BAP was more
effective than that of 24-D alone in the formation
of calluses. The calluses were formed on the basal
part of the explants within a month and they were
soft in texture and friable in structure.

As a result, callus formation was the best on the
MS medium containing 2.0 mg/l. NAA and 0.5
mg/L BAP from shoot tip of D. superbus but this
condition also induced formation of adventitious
roots around the marginal surface. Therefore, for the
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Table 1. Effect of plant growth regulators on callus induc-
tion from leaf and shoot tip in Dianthus superbus

Plant growth regulator (mg/L) Callus induction’

24D NAA BAP

Leaf segment Shoot tip

0.1 0 0 - -
0.5 0 0 — +
1.0 0 0 + ++
20 0 0 -+ + +
30 0 0 + +
0 10 05 + +
0 1.0 1.0 + +
0 10 20 - -
0 20 0.5 + +++
0 20 10 + + +
0 20 20 + ++
0 30 0.5 + ++
0 30 1.0 ++ ++
0 30 20 ++ ++

“—, none; +, poor: + -+, moderate; ++ -+, plentiful.

purpose of collecting only pure calluges, the solt and
friable calluses formed on the basal part of cultures
were selected. In the case of this study, a combina-
tion of BAP with NAA and shoot tip as an explant
was found suitable for stimulating callus induction.

Induction of embryogenic callus

To cxamine the effect of 24-D on embryogenic
callus induction, collected pure calluses were subcul-
tured on revised MS medium supplemented with 0.1-
2.0 mg/L 24-D in the dark at 27C. They grew rapi-
dly and satisfactorily (Fig. 1A) on MS medium con-
taining 2.0 mg/L. 24-D. Prolilcrated calluses of 4-5
wk culture were structually indistinguishable from
that initially induced from the shoot tip explants.
After 7-8 wk of culture, nodular, mucilaginous, pale-
yellow and knobby calluses, and friable and translu-
scent calluses proliferated all over the surface such
as that shown in Fig. 1B, which were consited two
distinguished types. The first one was recognized as
embryogenic callus due to its potential to develop
into shoots when transferred onto the regeneration
medium in a subsequent experiment, whereas the
other as nonembryogenic calluses because they did
not undergo regeneration on whatever medium they
were cultured. The result that embryogenic calluses
were induced at higher proportions in 24-D treat-
ment conformed the view that thc calluses formed
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Fig. 1. Formation of embryogenic callus from the shoot
tip-derived callus in Dianthus superbus. A, Proliferation of
pure calluses on MS medium containing 2.0 mg/L 24-D.
Bar=5 mm; B, Embryogenic callus (EC) and noncmbryo-
genic callus (NEC) formed on MS medium containing
20 mg/L 24D after 7-8 wk of culture. Bar=! mm.

on a medium containing 24-D were adventageous
for embryogenesis (Lazzeri er al., 1987).

Proliferation of somatic embryos

Auxin is the most important factor for regulation
of induction and development of embryogenesis
(Fujimura and Komamine., 1979). All the successful
cascs of somatic embryogenesis, a rather high auxin
concentration is required for the formation of the
embryogenic callus, whereas a lower auxin concent-
ration favours the development of somatic embryo
from embryogenic callus (Fujimura and Komamine,
1979; Chen er al, 1985; Kawahara and Komamine,
1991). In virro development of somatic embryos in
carrol was a two step process, each requiring a diffe-
rent medium. The callus was initiated and multiplied
in an auxin-rich medium as groups of meristemic
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Fig. 2. Regeneration of shoot and plantlet from embryoge-
nic callus in Dianthus superbus. A, Somatic embryos (SE)
derived from embryogenic callus on Ny medium supple-
mented with 2.0 mg/L kinetin, 0.1 mg/L NAA, 0.1 mg/L
24-D and 2.0 g/L casein hydrolysate. Bar=1 mm; B, Shoot
regeneration under continuous illumination. Bar=1 mm;
C. Regenerated plantlet with leaves and root in MS basal
medium supplemented with 2.0 mg/L NAA. Bar=35 mm;
D, Regenerated plantlet transferrcd to soil. Bar=5 mm.

cells called ‘embryogenic clumps’. The auxin genera-
lly used was 24-D in the range 0.5-1.0 mg/L. In re-
peated subcultures on the proliferation medium the
embryogenic clumps continue to multiply without
the appearance of mature embryos (Sung and Oki-
moto, 1981). In this study of D. superbus, embryoge-
nic calluses showed somatic embryos (Fig. 2A) after
subcultures in MSK (0.5 mg/L NAA added on 20
mg/L kinetin) and Ny medium (2.0 mg/L kinetin,
0.1 mg/L NAA, 0.1 mg/L. 24-D and 2.0 g/L casein
hydrolysate), which contained low concentration of
auxin. And then the somatic embryos did not deve-
lop to maturity anymore. Somatic embryos incuba-
ted continuous in the dark were brown and lost the
embryogenic potential. These results showed that in-
duction and developement of somatic embryos were
dependent upon the auxin concentration. And be-
sides auxin, another factor was related with the de-
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Table 2. Effect of plant growth regulators on shoot forma-
tion from embryogenic callus in Dianthus superbus

Plant growth regulators (mg/L) Frequency* of
NAA BAP Kinetin 24D shoot regeneration (%)

0.1 0.5 — - 0

0.5 1.0 - - 0

0.5 20 — — 1.3

0.1 — 0.5 — 0

0.5 - 1.0 — 6

0.5 — 20 - 44

0.1 - 2.0 0.1 multiple’

“Experiment were tested with five times and for each repe-
tition 16 callus scgments were used.

"Ns medium: Based on N salt and supplemented with
20 g/L casein-hydrolysate.

velopment of the somatic embryos.

Primordial shoots and plant regeneration

Culture media for the primordial shoots and plant
regeneration were similar to those used for somatic
embryo induction. And for further development, the
cultures was kept at 27C under continuous illumi-
nation at light intensity 21.5 pE-m~2-s~'. By mani-
pulating the growth substances, MSK and Ng media
(Table 2) were suitable for the regencration of pri-
mordial shoots.

As shown in Fig. 2B, after 3 wk of culture green
spots appcared on somatic embryos and then they
grew eventually to form shoots. It seems that light-
grown cultures exhibited better embryogenic respo-
nse than those maintained in the dark. That is to
say, in this species, a combination of kinetin with
NAA and light condition was [ound suitable for sti-
mulating plant regeneration from calluses. And the
kind of salt also seems to be the key factor for achie-
ving rapid regeneration from such embryogenic cal-
luses.

The highest frequency of roots was observed in
MS basal medium supplemented with 2.0 mg/L
NAA and the plantlets (Fig. 2C) with established
root systems were acclimatized to water, then trans-
ferred to pots (Fig. 2D).

In conclusion we have established a plant regene-
ration system from explants of D. superbus at a com-
paratively high frequency. This result may be gene-
rally applicable to other species in the genus of Di-
anthus.
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