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Chrysanthemum is grown worldwide and is considered to
one of the most important ornamental plants. Although
irable traits have been introduced into Chrysanthemum

conventional breeding, there are limitations to such
grams due to the limited gene pool and cross incompat-
ity [1]. Therefore, Chrysanthemum breeders have begun
xploit Agrobacterium-mediated transformation methods

to develop novel cultivars to satisfy current market trends.
Efficient genetic transformation of leaf explants of
Chrysanthemum has been carried out by many researchers
[2–4]. However, this approach requires more efficient in

vitro regeneration procedures.
In vitro adventitious shoot regeneration is the most

commonly used technique for creating new cultivars of
Chrysanthemum, both in mutation breeding as well as in
genetic transformation [5]. However, adventitious shoot
regeneration of Chrysanthemum is affected by many
factors, including interactions among plant growth reg-
ulators, dark incubation period, gelling agents, ethylene
inhibitor, explant type, and plant genotype [5–7]. More-
over, an efficient protocol for one cultivar may not be easily
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A B S T R A C T

The objective of this research was to develop an efficient protocol for shoot regeneration

from leaf segments of the Chrysanthemum cv. Vivid Scarlet by examining the effects of

plant growth regulators, dark incubation period, gelling agents, and silver nitrate. The

highest number of shoots per explant (12.3) was regenerated from leaf explants cultured

on Murashige and Skoog (MS) medium supplemented with a combination of 1 mg L�1 of 6-

benzyladenine (BA) and 2 mg L�1 of a-naphthaleneacetic acid (NAA) under light

conditions without any initial dark period. Gelrite was the most effective gelling agent

for shoot regeneration among those tested, whereas the presence of silver nitrate

distinctly inhibited shoot regeneration. Superior plant growth and rooting was observed

on a hormone-free MS medium solidified with Gelrite. Flow cytometry analysis revealed

no ploidy variation between the regenerated plants and the mother plant grown under

greenhouse conditions. The established protocol was applicable to shoot regeneration for

four out of six cultivars tested. This research will facilitate the genetic transformation and

micropropagation of Chrysanthemum cultivars.
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adaptable to other cultivars. Therefore, standardization of
efficient protocols for each newly released cultivar is
necessary to promote micropropagation and genetic
transformation. The present study was also conducted to
determine the effects of plant growth regulators, dark
incubation period, gelling agents, and silver nitrate on in

vitro shoot regeneration from leaf segments of Chrysanthe-

mum cv. Vivid Scarlet. The established protocol was
applicable to shoot regeneration for four out of the six
cultivars tested.

2. Material and methods

2.1. Plant materials

Unrooted cuttings of Chrysanthemum cv. Vivid Scarlet
provided by the National Institute of Horticultural and
Herbal Science (South Korea) were transplanted into a
greenhouse at 25 8C under ambient long-day conditions.
After 4 weeks, the shoot tips were taken and then
thoroughly washed under running tap water with 5% of
liquid detergent. They were subsequently surface-ster-
ilized with a 70% (v/v) ethanol solution for 30 s and 1%
NaOCl plus Tween 20 for 5 min, followed by five rinses
with sterilized distilled water. The sterilized shoot tips
were then cultured on plant growth regulator (PGR)-free
Murashige and Skoog (MS) medium containing 1 g L�1 of
activated charcoal to induce plant growth. After 6 weeks of
culture, the youngest fully expanded leaves from the in

vitro-grown healthy and uniform plants were used as a
source of explants for further experiments.

2.2. Optimization of plant growth regulators (PGRs) and dark

incubation period on shoot regeneration

To determine the best combination of plant growth
regulators (PGRs) for optimal shoot regeneration, leaves
were cut into 0.5–1-cm-long segments and cultured on MS
medium supplemented with various concentrations of 6-
benzyladenine (BA) and a-naphthaleneacetic acid (NAA),
as shown in Table 1, along with 3 g L�1 of Gelrite. The

explants were cultured under condition with 16 h photo-
period of 37 mmol m�2 s�1 for 45 days.

To investigate the effects of the dark incubation period
on shoot regeneration, explants were prepared as
described above (0.5–1-cm-long segments), and the
resulting explants were incubated for 10, 20, or 30 days
in the dark, after which they were subjected to culture
conditions with 16 h photoperiod of 37 mmol m�2 s�1 and
kept for 45 days, including the initial dark incubation
period.

2.3. Evaluation of the role of the gelling agent on shoot

regeneration

Leaf segments were cultured on a MS medium
supplemented with 1 mg L�1 of BA and 2 mg L�1 of NAA,
which resulted in the highest number of shoots per
explant. To investigate the effects of the gelling agents on
the capacity of shoot regeneration, the induction medium
was solidified with 7 g L�1 of Agar (Duchefa Biochemie, The
Netherlands), 4 g L�1 of Agarose (Cambrex, USA), 3 g L�1 of
Gelrite (Duchefa Biochemie, The Netherlands), or 3 g L�1 of
Phytagel (Duchefa Biochemie, the Netherlands). The
explants were cultured under condition with 16 h photo-
period of 37 mmol m�2 s�1 for 45 days.

2.4. Effect of silver nitrate on shoot regeneration

A medium supplemented with 1 mg L�1 of BA, 2 mg L�1

of NAA, and 3 g L�1 of Gelrite showed the best results for
shoot induction. Therefore, different concentrations (0–
5 mM) of silver nitrate were added to this shoot induction
medium to test its effects on the capacity of shoot
induction from leaf segments. The explants were cultured
under condition with 16 h photoperiod of 37 mmol m�2 s�1

for 45 days.

2.5. Evaluation of the role of gelling agents on rooting and

plant growth of regenerated shoots in vitro

To investigate the effects of gelling agents on rooting
and plant growth of regenerated shoots in vitro, regener-
ated shoots were transferred to a plant-growth regulator
(PGR)-free MS medium solidified with the following
gelling agents: 7 g L�1 of Agar (Duchefa Biochemie, the
Netherlands), 4 g L�1 of Agarose (Cambrex, USA), 3 g L�1 of
Gelrite (Duchefa Biochemie, the Netherlands), or 3 g L�1 of
Phytagel (Duchefa Biochemie, the Netherlands). The
explants were cultured under conditions with a 16-h
photoperiod of 37 mmol m�2 s�1 for 45 days.

2.6. Experimental design and statistical analysis

All cultures contained 3% of sucrose, and each treat-
ment consisted of 30 explants and three replicates. For
shoot regeneration, the number of usable shoots (about
3 cm in height) formed per explant was recorded after
45 days of culture. Similarly, plant growth parameters
were considered after 45 days of culture. All data were
analyzed using ANOVA, and means were compared by
DMRT (P > 0.05).

Table 1

Effects of plant growth regulators on the percentage of shoot regeneration

and the mean number of shoots per leaf explant of Chrysanthemum cv.

Vivid Scarlet.

PGRs (mg L�1) No initial dark incubation

BA NAA Shoot formation % Mean No. of shoots

1 1 0b 0c

2 100a 12.3a

3 100a 8.0b

2 1 0b 0c

2 0b 0c

3 100a 8.3b

3 1 0b 0c

2 0b 0c

3 0b 0c

PGRs: plant growth regulators; BA: benzyladenine; NAA: a-naphthale-

neacetic acid. Means within the same letter are not significantly different

by Duncan multiple range test (DMRT) (P > 0.05).
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 Analysis of the ploidy level

Plantlets obtained from hormone-free MS medium
dified with Gelrite were selected at random and
jected to flow cytometry, which was performed as
cribed by Naing et al. [8]. Briefly, approximately 20 mg
tissue per sample were chopped using a sharp razor
de in a plastic Petri dish containing 500 mL of a nuclei
raction buffer (Partec, GmbH, Munster, Germany) to
ain a fine suspension. The samples were then filtered
ough a nylon mesh (50 mm), after which 2 mL of
ning buffer (Partec, GmbH, Munster, Germany) were
ed and the suspension supplemented with propidium
ide. The ploidy level of each sample was then measured
ng a flow cytometer (CyFlow@ Ploidy Analyser, Partec,
bH, Munster, Germany). A minimum of 2000 particles
al count) was analyzed in each sample, and the
asurements were carried out using at least three
ples. The leaf tissue from mother plants in the

enhouse was used as a hexaploid reference.

 Effect of genotype on shoot regeneration

To determine the effect of the cultivar on shoot
uction, 6-week-old in vitro grown expanding leaves
everal cultivars (Borami, Peach Andy, Pink Pride, Star,
ksun, Baekma, and Shinma) were cut into 0.5–1.0-cm-
g segments, which were then cultured on a shoot
uction medium supplemented with the combination of
g L�1 BA and 2 mg L�1 NAA along with 3 g L�1 of Gelrite.

 explants were maintained under culture conditions, as
lained above.

3. Results

3.1. Optimization of plant growth regulators (PGRs) and dark

incubation period on shoot regeneration

Leaf explants were cultured on MS medium containing
different concentrations of BA and NAA under continuous
light conditions without any dark initial period, after
which morphogenetic changes in the explants were
observed after 2 weeks of culture. Adventitious shoot
primordia were visible on the surface of leaf explants
(Fig. 1A). Development of shoots occurred over the next
3 weeks after initiation. Shoot regenerability of leaf
explants was highly variable in response to PGR concen-
trations. Of the various PGR combinations tested, only a
few combinations showed shoot regenerability, especially
media containing higher concentrations of NAA than BA
(Table 1).

Shoot regeneration occurred for all combinations of PGRs
when explants were subjected to an initial dark period of
10 days (Table 2). However, PGR combinations that showed
shoot induction under continuous light condition showed
negative effects on shoot regenerability when the explants
were cultured with the initial dark period of 10 days.
Reduction of shoot regeneration was also detected for all
PGR combinations when explants were incubated for
20 days in the dark (Table 3). Total inhibition of shoot
regeneration was observed for some PGR concentrations
upon dark incubation for 30 days (Table 4). Therefore, PGR
concentration and dark incubation period had interactive
effects on shoot regeneration. Our results show that a dark
incubation period of 10 days resulted in a more reasonable

1. (Color online). Plant regeneration through shoot organogenesis from leaf segments of Chrysanthemum cv. Vivid Scarlet. A. Formation of shoot

ordia on leaf surfaces. B. Development of shoot primordia into shoots. C. Effects of various gelling agents on in vitro shoot growth and rooting. D.
imatization of in vitro regenerated plantlets to the greenhouse.
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number of shoots per explant in most PGRs combinations
compared to the other periods (0, 20, or 30 days). However,
the highest frequency of shoot regeneration as well as the
mean number of shoots per explant were obtained using a
medium containing a combination of 1 mg L�1 of BA and
2 mg L�1 of NAA under continuous light conditions without
any initial dark period. Thus, this medium composition and
culture conditions were used in further experiments.

3.2. Evaluation of the role of the gelling agents on shoot

regeneration

The effects of the gelling agents on shoot formation
from leaf explants of Chrysanthemum are presented in
Fig. 2A and B. Shoot formation was observed in all media
after 3 weeks, and the percentages of shoot formation were
not significantly different among the gelling agents.
However, the mean number of shoots formed per explant
was dependent on the gelling agent according to the
following order: Gelrite > Phytagel > Agar > Agarose.
Shoots induced by Gelrite were likely to be more vigorous
and healthy than those induced by other gelling agents.
Explants cultured on Agarose medium curled upward and
resulted in shoots with abnormal patterns, which was in
contrast to explants cultured on other gelling agents. This
result clearly indicates that Agarose had stronger negative

Table 2

Effects of plant growth regulators and of the dark incubation period on the

percentage of shoot regeneration and the mean number of shoots per leaf

explant of Chrysanthemum cv. Vivid Scarlet.

PGRs (mg L�1) 10-day-dark incubation

BA NAA Shoot formation % Mean No. of shoots

1 1 80c 2.7e

2 80c 6.0b, c, d

3 80c 5.3d

2 1 90b 6.7b, c

2 60d 5.3d

3 80c 5.7c, d

3 1 90b 7.0b

2 100a 6.7b, c

3 100a 11.3a

PGRs: plant growth regulators; BA: benzyladenine; NAA: a-naphthale-

neacetic acid. Means within the same letter are not significantly different

by DMRT (P > 0.05).

Table 3

Effects of plant growth regulators and of the dark incubation period on the

percentage of shoot regeneration and the mean number of shoots per leaf

explant of Chrysanthemum cv. Vivid Scarlet.

PGRs (mg L�1) 20-day-dark incubation

BA NAA Shoot formation % Mean No. of shoots

1 1 0b 0f

2 0e 2.0d, e

3 70b 1.3e, f

2 1 60c 5.7a, b

2 70b 3.7c, d

3 40d 4.3b, c

3 1 80a 2.7c, d, e

2 60c 3.3c, d

3 80a 7.0a

PGRs: plant growth regulators; BA: benzyladenine; NAA: a-naphthale-

neacetic acid. Means within the same letter are not significantly different

by DMRT (P > 0.05).

Table 4

Effects of plant growth regulators and of the dark incubation period on the

percentage of shoot regeneration and the mean number of shoots per leaf

explant of Chrysanthemum cv. Vivid Scarlet.

PGRs (mg L�1) 30-day-dark incubation

BA NAA Shoot formation % Mean No. of shoots

1 1 0e 0c

2 0e 0c

3 0e 0c

2 1 26.7c, d 1.7a, b

2 33.3b, c 1.3b, c

3 36.7b 2.0a, b

3 1 0e 0c

2 46.7a 3.0a

3 23.3d 1.3b, c

PGRs: plant growth regulators; BA: benzyladenine; NAA: a-naphthale-

neacetic acid. Means within the same letter are not significantly different

Fig. 2. Effects of gelling agents on the percentages of shoot regeneration

(A) and the mean number of shoots per (B) leaf explant of Chrysanthemum

cv. Vivid Scarlet grown on a medium containing 1 mg L�1 of benzyladenine

by DMRT (P > 0.05). and 2 mg L�1 of a-naphthaleneacetic acid.
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cts on shoot regeneration compared to Phytagel or
r, both of which induced lower shoot regenerability
n Gelrite. Thus, Gelrite was the best gelling agent for
reasing both the percentage of shoot formation as well
he number of shoots per explant.

 Effects of silver nitrate on shoot regeneration

To examine the stimulatory effects of silver nitrate on
ot regeneration from leaf explants of Chrysanthemum,
lants were cultured on a shoot induction medium
dified with Gelrite. As shown in Fig. 3A and B, the
sence of silver nitrate markedly reduced shoot regen-
tion compared to control. In addition, leaf burning was
erved on shoots treated with 1 or 5 mM of silver nitrate.
vation of silver nitrate concentrations up to 10 or 25 mM

pletely inhibited shoot regeneration. Based on these
ings, silver nitrate had highly negative effects on shoot

eneration from leaf explants of Chrysanthemum.

3.4. Evaluation of the role of gelling agents on rooting and

plant growth in vitro

The data presented in Table 5 show that plant growth
parameters were influenced by the type of gelling agent.
Shoots grown on Gelrite showed better parameters,
especially for number of roots, plant height, and fresh
weight, compared to the other gelling agents (Fig. 1C).
However, Agar produced the highest average number of
leaves per plantlet as well as it showed superior effects on
most parameters compared to Phytagel and Agarose.
Similar to its effect on shoot regeneration, Agarose had
negative effects on rooting and plant growth. Further,
Gelrite resulted in the greatest number of shoots per
explant along with improved plant growth compared to
the other gelling agents. Plantlets that reached approxi-
mately 4–5 cm in height were transferred to an acclima-
tization pot (Fig. 1D), and more than 90% of plants survived
in the greenhouse.

3.5. Analysis of the ploidy level

Histograms based on the mother plant (control) and
plantlets derived from hormone-free medium are shown in
Fig. 4A and B. The flow cytometry results show that peaks
of the analyzed samples occurred at nearly the same
positions as those of standard hexaploid leaf cells (control),
which indicates a high level of genetic stability. In addition,
the means of the peaks were almost the same as that of the
control. These findings demonstrate that the regeneration
method had no effect on the induction of polyploids.

3.6. Effects of genotype on shoot regeneration

To examine the applicability of the established protocol
to the other Chrysanthemum cultivars, shoot organogenesis
was investigated in six commercially important cultivars.
Shoot formation was detected in four of the cultivars, and
the mean number of shoots per explant for each cultivar is
presented in Table 6. The highest mean number of shoots
per explant was observed in cv. Borami, followed by cv.
Star, Pink Pride, and Peach Andy. No shoot formation was
detected in cv. Baeksun or Baekma. Based on the results,
the selected combination of PGRs could stimulate shoot
formation in four out of six cultivars.

Table 5

Effects of gelling agents on in vitro plant growth and rooting of

Chrysanthemum cv. Vivid Scarlet.

Gelling

agents

Mean no. of

leaves

Mean no.

of roots

Plant

height

(cm)

Fresh

weight

(mg)

Gelrite 6.7b 12.3a 5.7a 466.7a

Phytagel 6.3b 7.7c 4.3b 273.3c

Agar 9.3a 9.7b 5.1a, b 453.7b

Agarose 6.0b 9.7b 3.5c 235d

BA: benzyladenine; NAA: a-naphthaleneacetic acid. Means within the

same letter are not significantly different by DMRT (P > 0.05).

3. Effects of silver nitrate on the percentages of shoot regeneration

nd the mean number of shoots per (B) leaf explant of Chrysanthemum

Vivid Scarlet grown on a medium containing 1 mg L�1 of

zyladenine and 2.0 mg L�1 of a-naphthaleneacetic acid, and 3 g L�1

elrite.
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4. Discussion

Previous researchers have reported the effects of
various combinations of PGRs on shoot regeneration of
Chrysanthemum. However, the effects of dark incubation
on shoot regeneration of Chrysanthemum have not been
explored much, except by Park et al. [7]. In this study,
higher NAA concentrations than BA induced shoot
regeneration from explants cultured under light conditions
without any initial dark period. Lu et al. [9] earlier reported
that a medium containing 5.37 mM NAA and 2.22 mM BA is
the most effective for shoot regeneration of Chrysanthe-

mum. In addition, high-frequency shoot regeneration from
leaf explants of Chrysanthemum has been observed in
medium containing a higher concentration of auxin than of
cytokinin [10], and a similar combination was used to
induce adventitious shoot regeneration from leaf segments
of Chrysanthemum [11]. Efficient genetic transformation of
Chrysanthemum using leaf explants was also achieved
using a higher concentration of auxin than of cytokinin [2–
4], and Kaul et al. [12] also reported that leaf explants
require a higher concentration of auxin for shoot

regeneration. These results are in line with our own study,
in which 1 mg L�1 of BA and 2 mg L�1 of NAA resulted in the
highest frequency of shoot regeneration as well as mean
number of shoots per explant. It seemed that the
endogenous level of auxin contained in leaves of Chry-

santhemum is too low to induce shoot regeneration.
However, explants that initially did not induce shoot

regeneration under light conditions produced shoots when
cultured in the dark for 10 days; it might be due to an
accumulation of auxin. On the contrary, combinations
resulting in shoot induction under light conditions showed
inhibitory effects. Similarly, combinations that induced
shoot regeneration upon initial darkness for 10 days also
showed inhibitory effects when explants were subjected to
darkness for more than 10 days, and greater inhibitory
effects were observed with a longer dark incubation period
(30 > 20 > 10 days). Higher auxin accumulation is more
likely than optimum level to inhibit shoot regeneration. In
support of this, Hitmi et al. [13] reported that a higher than
optimal level of auxin distinctly inhibits shoot regenera-
tion of Chrysanthemum. According to our study, a 10-day
dark incubation period achieved higher shoot regeneration
in most combinations compared to the other time periods
(0, 20, 30 days). Park et al. [7] found that 12 to 18 days of
dark incubation resulted in greater shoot induction from
petal explants of Chrysanthemum. These observations
could be attributed to differences in PGRs, explant type,
and genotype.

The effects of various gelling agents on shoot organo-
genesis parameters are presented in Table 5. The highest
frequency of shoot induction as well as the highest number
of shoots per explant was observed using the Gelrite
medium. Phytagel was the second effective gelling agent,
followed by Agar and then by Agarose. Our results are
similar to the findings of Lim et al. [5], who reported that
Gelrite is the most suitable gelling agent for promoting
shoot regeneration from leaf explants of Chrysanthemum

cv. Borami. However, Agarose, which resulted in the lowest
shoot regeneration in this study, has been reported to

Fig. 4. Analysis of the ploidy level using flow cytometry analysis of Chrysanthemum cv. Vivid Scarlet, mother plants (control) or regenerated plants via shoot

organogenesis. A. Histogram of mother plants (control, hexaploid) planted in the greenhouse. B. Histogram of shoot organogenesis-obtained plant derived

from medium containing 1 mg L�1 of benzyladenine and 2 mg L�1 of a-naphthaleneacetic acid solidified with Gelrite.

Table 6

Efficiency of shoot organogenesis from leaf explants of different

Chrysanthemum cultivars grown on MS medium containing 1 mg L�1 of

BA and 2 mg L�1 of NAA after 30 days of culture.

Cultivars Shoot formation % Mean No. of shoots per explant

Borami 100a 10.3a

Baekma 0b 0c

Baeksun 0b 0c

Peach Andy 100a 6.1b, c

Pink Pride 100a 7.3b

Star 100a 9.7a, b

MS: Murashige and Skoog; BA: benzyladenine; NAA: a-naphthalenea-

cetic acid. Means within the same letter are not significantly different by

DMRT (P > 0.05).
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uce greater shoot regenerability than Agar. Lee et al. [6]
nd that the same combination of PGRs reported by Lim
l. [6] possesses higher shoot regeneration capacity on
rose than on Agar, whereas a different PGR combination
ws superior growth on Agar than on Agarose. Therefore,
s and gelling agents might have interactive effects on

ot regeneration. In this study, leaf explants grown on
rose showed the weakest shoot regeneration. It may be
 to the concentrations of PGRs used. Further, explants on
rose curled upward during shoot regeneration, resulting
bnormal shoots since there was no sufficient surface for

 growth of shoot primordia. However, the effects of
tagel on shoot regeneration from leaf explants of
ysanthemum have not been reported. As a possible
lanation of these findings, other solidified media may
e poor diffusion properties. This can limit the movement
utrients, resulting in a reduction of the number of shoots

 explant compared to Gelrite. Bornam and Vogelman [14]
 reported that the physical state of the medium can
ct the diffusion of PGRs and nutrients.
The effects of silver nitrate, an ethylene inhibitor, on
ot regeneration have been studied in Chrysanthemum

5]. Xiaohan et al. [15] observed that the presence of
er nitrate (10–20 mM) markedly promoted shoot regen-
tion of Chrysanthemum when explants were cultured on
dia containing a higher amount of cytokinin than of
in. Moreover, it was observed that a higher than optimal
centration of silver nitrate had no effect on the average
ber of shoots per explant. Similarly, Lee et al. [6] found

t addition of 1 mM of silver nitrate increased the number
hoots per explant of Chrysanthemum when cultured on a
dium containing equal amounts of cytokinin and auxin.
n at a concentration of 10 mM, silver nitrate did not
ibit shoot regeneration. Moreover, concentrations of
er nitrate up to 100 mM did not completely inhibit shoot
eneration. However, in the present study, silver nitrate
rted highly negative effects on shoot regeneration from
lants cultured on medium containing 1 mM silver
ate, whereas 25 mM of silver nitrate completely
ibited shoot regeneration. A possible explanation for

 discrepancy could be that a higher concentration of
okinin was used in the study by Xiaohan et al. [15], as
okinin is known to stimulate ethylene production in vitro.
s, addition of silver nitrate (10–20 mM) would result in

 absorption of ethylene and promote shoot regeneration.
 study by Lee et al. [6], 1 mM of silver nitrate stimulated
ot regeneration in the presence of equal amounts of
okinin and auxin. In this study, the concentration of
okinin was lower than that of auxin, and the addition of
er nitrate had negative effects on shoot regeneration. A
ificant interaction between cytokinin and silver nitrate
hrysanthemum has been reported [15]. Alternately, these
ervations could be attributed to differences in endogen-
 ethylene levels among the various genotypes. Cho and
ha [16] earlier reported that silver nitrate as well as other
ylene inhibitors may stimulate embryogenesis in species
taining high endogenous levels of ethylene, but inhibit
bryogenesis in species with lower endogenous ethylene
els.
Until now, no report has investigated the effects of

Chrysanthemum. In our study, Gelrite was best suited for
shoot regeneration and was able to promote superior plant
growth parameters of Chrysanthemum. This observation
could be explained by the fact that Gelrite seemed to
diffuse nutrients that favor in vitro rooting and plant
growth. Recently, Gelrite has been increasingly used as a
gelling agent due to its advantages.

The genetic variation observed in Chrysanthemum has
been reported [17,18]. In the present study, flow cytometry
demonstrated genetic stability between the mother plant
(control) as well as the in vitro regenerated plants of
Chrysanthemum cv. Vivid Scarlet. Miñano et al. [19] also
observed that most Chrysanthemum cultivars show high
genetic stability when tissue culture is employed for shoot
multiplication. Martı́n et al. [20] mentioned that genotype
is one of the most important factors affecting genetic
variation in Chrysanthemum.

The effects of genotype specificity on shoot organogen-
esis of Chrysanthemum have been reported [5,21,22].
Recently, Lim et al. [5] observed that shoot formation
from leaf explants of Chrysanthemum is highly dependent
on genotypes, whereas only one out of eleven cultivars
exhibited shoot induction. However, the PGR combination
used in this experiment was applicable to four out of six
cultivars. Thus, we suggest that our combination would be
useful for genetic transformation of cultivars.

5. Conclusion

Shoot regeneration from leaf explants of Chrysanthe-

mum cv. Vivid Scarlet was optimized by examining the
effects of PGRs, dark incubation period, gelling agents, and
silver nitrate. Influences of specific concentrations of PGRs,
dark incubation period, and gelling agent on efficient shoot
regeneration in vitro were observed. Further, a negative
effect of silver nitrate was also revealed. In addition, the
most suitable gelling agent for rooting and plant growth
was determined to be Gelrite. In this study, the established
protocol was applicable to shoot regeneration of other
cultivars.
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