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Abstract: The ornamental plant Cotoneaster wilsonii Nakai is a rare endemic species to the Ulleung
Island in Korea. There is an urgent need to develop efficient propagation methods to preserve
this endangered plant species. The cytokinin thidiazuron (TDZ) at a concentration of 0, 1.0, 2.0,
or 3.0 mg-L_1 combined with 0, 0.5, 1.0, or 1.5 mg-L_1 a-naphthaleneacetic acid (NAA) was used
to induce calli from young leaf explants on the Murashige and Skoog (MS) medium. The TDZ
and/or 6-benzyladenine at a concentration of 0, 0.5, or 1.0 rng-L_1 combined with 0.2 mg-L_1 NAA
was supplied to the MS medium to induce shoots from calli. Four auxins at 0, 0.2, 0.4, 0.6, 0.8, or
1.0 mg-L~! were supplied to half-strength MS medium for root induction. The treatment of TDZ
at 1.0 mg-L~! combined with 1.5 mg-L~! NAA not only had 100% callus induction ratio, but also
induced the heaviest calli. The shoot induction ratio was the greatest with TDZ at 1.0 mg-L~!, and the
greatest root induction ratio was obtained with TAA at a concentration of 0.8 mg-L~!. In conclusion,
an effective indirect organogenesis system was established for C. wilsonii Nakai.

Keywords: callus induction; thidiazuron; auxin; morphogenesis

1. Introduction

The ornamentally important genus Cotoneaster of the Rosaceae is relatively small with
about 150 species. This genus is an unarmed shrub which grows mainly in temperate
Eurasia [1]. Cotoneaster wilsonii Nakai is a new species found in recent decades, and this
species is characterized by a small number of white flowers arranged in a corymb, beautiful
red fruits, and deciduous leaves. This woody plant is endemic to the small island of Ulleung-
do, Korea. The fact that the genus Cotoneaster hardly occurs in the mainland of South Korea
makes the origin of C. wilsonii Nakai on Ulleung Island intriguing [2]. The morphology
and identical flavonoid profile of C. wilsonii Nakai are similar to that of C. multiflorus native
to China. Researchers suspect that seeds of C. multiflorus floating in the sea or carried by
birds or winds may have adapted to the special climate with cool summers and warm
winters in Ulleung-do and have differentiated into C. wilsonii Nakai [3]. However, plastid
genomes analysis suggested that the species C. schantungensis and C. zabelii were involved
in the origin of C. wilsonii according to the latest research, and these two species were
endemic to Shandong Province, which is geographically close to the Korean Peninsula [4].
There were only about 100 individuals of C. wilsonii found in sunny cliffs at 110-130 m
above the sea, and this plant has been designated as a critically endangered species by the
Korean National Institute of Biological Resources [5]. Hence, there is an urgent need to take
measures to mass-propagate and preserve this rare plant species.

The propagation of genus Cotoneaster is conventionally done by seeds and cuttings.
However, this genus is very difficult to propagate due to the double dormancy of seeds and
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poor rooting of cuttings [6]. Researchers found that seeds of C. multiflorus should be soaked
for 90 min in concentrated sulfuric acid, rinsed, and then stratified for 3—4 months at about
4 °C to break dormancy, and the rooting rate of this genus usually is less than 50% [7].
These difficulties can be overcome by tissue culture techniques. In vitro culture via direct or
indirect organogenesis from different plant organs has been used for propagation of many
species [8]. There are only few studies on in vitro culture of Cofoneaster, especially C. wilsonii.
An efficient direct organogenesis has been established for C. wilsonii through node and shoot
tip explants from mature field-grown plants [3]. However, the indirect shoot organogenesis
of C. wilsonii through calli has not been discovered until now. Indirect organogenesis is
not only used for rapid regeneration, but it is also very important for research related to
genetic improvement [9,10]. Moreover, the forest tree genetic transformation and clonal
propagation constitute a highly strategic research area nowadays [11]. Thus, developing
a new rapid de novo organogenesis system via calli is very meaningful for endangered
C. wilsonii.

The role of cytokinins and auxins has been found to be indispensable in plant re-
generation in vitro. Cytokinin participates in the maintenance of meristem function and
in the modulation of metabolism and morphogenesis in response to environmental stim-
uli [12]. It positively regulates cell division and also serves a key role in the callus and
shoot induction [13,14]. Benzyl adenine (BA) is the most widely used cytokinin in tissue
culture [15,16]. However, BA was ineffective for axillary bud sprouting, while another cy-
tokinin thidiazuron (TDZ) promoted shoot proliferation in C. wilsonii in vitro according to
previous research [6]. TDZ exhibits strong and long-lasting effects than natural cytokinins
do, because it possesses both cytokinin- and auxin-like effects [17]. This result indicated
that TDZ can be used for callus and shoot induction in C. wilsonii. Auxin plays important
roles in the growth and differentiation of cultured cells and tissues [18]. It is commonly
used for callus and root induction [19]. The effect of auxins on callus induction has not
been, while on root induction has been studied, in C. wilsonii until now. Different kinds
of auxins were tested to induce roots from shoots, and indole-3-butyric acid (IBA) at a
concentration of 0.5 mg-L~! induced the greatest number of roots from shoots, which was
proliferates from shoot tips and node explants in C. wilsonii [6].

Since there has been no publication on the indirect organogenesis in C. wilsonii until
now, this research was conducted to investigate the callus induction from leaf explants in
C. wilsonii, as well as shoot induction and lateral root formation, to develop an indirect
organogenesis system.

2. Materials and Methods
2.1. Explant Preparation

Plants were grown in a glasshouse at Gyeongsang National University. Young mature
leaves were collected from C. wilsonii trees in April. The leaves were washed with 0.1%
teepol solution (Shell Chemicals Ltd., Cheshire, UK) for 5 min, then washed under running
tap water for 2 h. Thereafter, the leaves were washed in 70% (v/v) ethanol solution
for 30 s on a clean bench, and subsequently washed with sterile water 3 times. Leaves
were then soaked in 2% (v/v) sodium hypochlorite for 10 min, followed by 6 rinses with
distilled water.

2.2. Callus Induction

The medium used for callus induction was the MS (Murashige and Skoog) medium
including vitamins (Duchefa Biochemie, Haarlem, The Netherlands) supplemented with 0,
1.0,2.0, 0or 3.0 mg-L’1 TDZ and 0, 0.5, 1.0, or 1.5 mg'L’1 a-naphthaleneacetic acid (NAA).
Sucrose (Duchefa Biochemie B.V., Haarlem, The Netherlands) at 30 g~L’1 and agar (Duchefa
Biochemie, Haarlem, The Netherlands) at 8 g~L_1 were added into the MS medium, and
the pH was adjusted to 5.8 = 0.1 with NaOH before autoclaving at 121 °C for 30 min. The
medium was divided into petri dishes (90.0 mm x 15.0 mm, Cat. No. 11090, SPL Life
Sciences, Pocheon, Korea) on a clean bench after autoclaving. Sterilized leaves were cut into
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5 mm long squares after cutting off the main veins. Hence, 5 pieces of C. wilsonii leaves were
placed on each petri dish. There were three replicates for each treatment. The petri dishes
were moved in a dark culture room with a temperature of 24 °C/18 °C (day/night). The
callus induction rate and weight of calli were collected one and a half months later. A high
accuracy electronic balance (EW 220-3NM, Kern and Sohn GmbH., Balingen, Germany)
was placed on a clean bench and sterilized by UV-B light overnight. The weight of the
callus was measured in this clean bench next day.

2.3. Shoot Induction

The MS medium for shoot induction was prepared in the same way as the callus
induction medium, except for the concentrations of plant growth regulators (PGRs). The
calli used for shoot induction were induced by 2.0 mg-L~! TDZ and 1.5 mg-L~! NAA,
and calli were proliferated by the MS medium supplemented with 2.0 mg-L~! TDZ and
1.0 mg-L~! NAA for two passages. The cytokinin TDZ and/or 6-benzyladenine (6-BA) at
a concentration of 0, 0.5, or 1.0 mg-L~! combined with 0.2 mg-L~! NAA were supplied
to the MS medium for shoot induction. Three 0.2 g calli were cultured in one petri dish,
and each treatment was repeated three times. All the petri dishes were put into a culture
room with a temperature of 24 °C/18 °C (day/night), and with a photoperiod of 16 h with
50 umol-m~2-s~! photosynthetic photon flux density (PPFD) from white light emitting
diodes (LEDs). The shoot induction rate, number of shoots per callus, and browning rate
were collected after a two-month induction.

2.4. Root Induction

The medium used for shoot multiplication was the same as that in Sivanesan et al. [6],
0.5 mg-L~! TDZ combined with 0.1 mg-L~! NAA in MS medium. Natural and synthetic
auxins indole-3-acetic acid (IAA), NAA, IBA, and 2,4-dichlorophenoxyacetic acid (2,4-D)
at a concentration of 0, 0.2, 0.4, 0.6, 0.8, or 1.0 mg-L_1 were supplied to half-strength MS
medium for root induction. The C. wilsonii shoots were cut into segments with one node
each, and 5 segments were planted on each medium. The root induction rate as well as
number and root length of roots per rooted plant were measured two months later.

2.5. Acclimatization

The caps of bottles containing rooted shoots or plantlets were open in a culture room
for 1 day. Then well-rooted plantlets were taken out and the remaining MS medium was
washed away using sterile water. Plantlets were planted in a 128-cell plug tray filled
with a commercial growing medium (Bas Van Buuren Substrate, EN-12580, De Lier, The
Netherlands). The plug tray was placed in a chamber with 24 °C/18 °C (day/night), a
16 h photoperiod, and 90% relative humidity. Plantlets were moved to a glasshouse after
2 weeks of culture in this growth chamber. Survival rate was collected after another
2 weeks of culture in a glasshouse.

2.6. Statistical Analysis

Significant differences in the data of callus, shoot, and root inductions were analyzed
by variance (ANOVA) and Duncan’s multiple range test using the SAS (Statistical Analysis
System, version 9.2, Cary, NC, USA) program. The effect of TDZ, NAA, and their interac-
tions on callus induction and weight, as shown in Table 1, were checked through the 2-way
ANOVA F-test.
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3. Results
3.1. Callus Induction

There was no contamination during callus induction. The explants began to differ-
entiate calli after a two-week cultivation. One and a half months later, the morphology
of the calli in each treatment was recorded and is shown in Figure 1. The TDZ alone
hardly induced calli (Table 1), while NAA alone, especially at a concentration of 1.0 mg-L~!
successfully induced calli. All combinations of TDZ and NAA induced profuse calli, and
the weights of calli increased with the increased concentration of NAA when TDZ was
at the same level. The callus weights also increased with higher concentration of TDZ
when NAA was at 0.5 or 1.0 mg-L~!. However, there were no significant differences as
TDZ concentrations varied when NAA was at a concentration of 1.5 mg-L~!. Moreover,
all the treatments, except for treatments without NAA, produced green compact calli, and
those calli were covered with a layer of white vigorous cells, indicating that those calli had
similar quality regardless of callus weight (Figure 1). The F-test indicated that both NAA
and TDZ significantly affected the callus induction in C. wilsonii.

Table 1. Callus induction from the young leaf explants of Cotoneaster wilsonii.

TDZ (A, mg-L-1) NAA (B, mg-L-1) Callus
Induction Ratio (%) Weight (mg)
0.0 Oel 169¢g
00 0.5 76b 359 fg
: 1.0 96 ab 1284 f
15 48c 57.2fg
0.0 15d 359 fg
1.0 0.5 100 a 2139e
: 1.0 100 a 282.2 de
15 100 a 4716a
0.0 15d 36.5 fg
0.5 100 a 2745 de
2.0 1.0 100 a 332.1cd
15 100a 400.1 abe
0.0 15d 024fg
0.5 100 a 373.3be
3.0 1.0 100 a 456.2 ab
15 100 a 4834 a
A R R
F—test 2 B H%3F H4F
A X B *%% *%%

I Lowercase letters indicate significant differences at p < 0.05; 2 axx represent significant at p < 0.001.
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Figure 1. Morphology of the calli induced from the leaf explant of Cotoneaster wilsonii. Bars indicate
5 mm.

3.2. Shoot Induction

Some calli successfully produced shoots after two months of induction period (Figure 2).
The shoot induction ratio was the highest when TDZ was at a concentration of 1.0 mg-L~!
(Table 2). BA had little effect on the shoot induction in C. wilsonii. The TDZ at 1.0 mg-L~! also
produced the greatest number of shoots per callus. Approximately 77.7% of the calli cultured
on the MS medium without PGRs suffered from browning, and this problem was relieved
after PGRs were supplied. BA at 1.0 mg-L~! caused a more serious browning problem when
compared with other treatments. No contaminated plants or calli were found during the
whole process.

Figure 2. Shoots induced from calli in Cotoneaster wilsonii: (a) treatment with 0 mg-L~! TDZ and
1.0 mg~L_1 BA; and (b) treatment with 1.0 mg~L_1 TDZ and 0 mg~L_1 BA.
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Table 2. Shoot regeneration from calli in Cotoneaster wilsonii.

TDZ

BA

(mg-L-1) (mg-L-1) NAA (mg-L-1) Induction (%) No. of Shoots/Callus  Callus Browning (%)

0.0 0.0 00c! 00e 77.7 a

0.0 0.5 0.2 11.1 bc 0.7 de 0.0c
1.0 0.2 22.2bc 25d 33.3b
0.0 0.2 11.1bc 0.3 de 0.0c

0.5 0.5 0.2 33.3 ab 2.7 bc 0.0c
1.0 0.2 22.2bc 3.0cd 22.2bc
0.0 0.2 444 a 53a 11.1bc

1.0 0.5 0.2 33.3 ab 33b 0.0c
1.0 0.2 33.3 ab 48b 22.2bc

IBA

I Lowercase letters indicate significant difference at p < 0.05.

3.3. Root Induction

The auxins IAA, NAA, and IBA induced, while 2,4-D hardly induced roots in half-
strength MS medium (Figure 3 and Table 3). IAA at a concentration of 0.8 mg-L~! resulted
in the greatest root induction ratio (70%). The application of 0.8 mg-L~! IBA induced the
greatest number of roots (1.8) per rooted plant, and IBA at 0.4 mg-L~! produced the longest
root, at an average of 19.6 cm. No contaminated plantlets were found during root induction.

0 0.6 08
Concentration (mg-L")

Figure 3. Root induced by different concentrations of auxins in Cotoneaster wilsonii.

3.4. Acclimatization

The acclimatized plantlets are shown in Figure 4. Approximately 93% plantlets sur-
vived, and those plantlets exhibited similar morphological and growth characteristics with
their donor plants.
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Figure 4. Acclimatized Cotoneaster wilsonii in a glasshouse.
Table 3. The effects of auxins on the root induction in Cotoneaster wilsonii.
Auxin Concentration (mg-L—1) Rooting (%) No. of Roots/Plant Root Length (cm)
- 0.0 Oel 0.0c 0.0f
0.2 10 de 1.0 bc 10.2 ef
04 40 cd 1.3 abc 17.1 ab
TAA 0.6 50 bed 1.4 ab 11.4 cde
0.8 70 a 1.1 abc 15.5 bed
1.0 30 cde 1.3 abc 15.4 bed
0.2 60 abc 1.0 bc 10.2 def
0.4 60 abc 1.7 ab 10.3 def
NAA 0.6 40 cd 1.3 abc 15.9 bed
0.8 30 cde 1.7 ab 7.9 ef
1.0 50 be 1.6 ab 6.9 ef
0.2 10 de 1.0 bc 0.3 ef
04 10 de 1.0 bc 13 ef
2,4-D 0.6 Oe 0.0c 0.0f
0.8 Oe 0.0c 0.0f
1.0 Oe 0.0c 0.0f
0.2 10 de 1.0 bc 12.3 cde
04 50 bed 1.2 abc 19.6 a
IBA 0.6 40 cd 1.3 ab 11.4 cde
0.8 30 cde 1.0 bc 9.8 def
1.0 40 cd 1.8a 13.7 cde

! Lowercase letters indicate significant difference at p < 0.05.

4. Discussion

The combination of cytokinins and auxins was found to be effective for callus induction
in many plants [20,21]. High levels of both auxins and cytokinins in the culture medium
lead to massive proliferation and dedifferentiation [22]. The great callus induction ratio
and callus weights in our study also reflected that high levels of both auxins and cytokinins
are necessary for massive callus induction in C. wilsonii. Higher concentrations of auxins
than cytokinins are usually required for callus induction. However, a cytokinin/auxin
ratio higher that 1 was experimented in this study. Actually, we tried to induce callus
using BA and low concentrations of TDZ, and found it was difficult to induce calli in the
preliminary experiment. Thus, higher concentrations of TDZ were used to induce callus
in this experiment. Some publications also showed that auxin alone successfully induced
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calli: synthetic auxin 2,4-D alone induced calli from leaf sheath explants of sugarcane [23],
and NAA at a concentration of 1 mg-L~! induced calli from root explants of Dorema ammo-
niacum [24]. In this study, auxin alone was proven to be effective for callus induction in
C. wilsonii, and 1 mg-L~! NAA resulted in 96% leaf explants forming calli. The auxin-
induced callus formation in plants in vitro regeneration represents a typical cell fate change
where somatic cells are switched into pluripotent callus cells. Studies related to the molec-
ular control of auxin-induced callus formation have been published in recent years, and
several transcription factors contributed to auxin-induced callus formation have been dis-
covered in Arabidopsis [25,26]. However, the potential mechanism of auxin-induced callus
formation still needs far more research.

In this study, the cytokinin TDZ was more effective in inducing shoots from calli
compared with BA in this study. Explants of some woody species, including C. wilsonii,
have naturally strong monopodial growth habits, which causes difficulties in organogenesis
in vitro by using common amino purine cytokinins such as BA [27]. The TDZ is known to
have higher regeneration rates in comparison to purine-based cytokinins in a number of
woody plants [28]. However, the greatest shoot induction ratio was only 44% when the MS
medium was supplied with 1 mg-L~! TDZ in this study. The maximum concentration of
TDZ we tested for shoot induction in this study was 1 mg-L~!, so higher concentrations of
TDZ can be tested to improve the shoot induction ratio in the future. The precise mechanism
of how TDZ affects different scenarios during in vitro woody plant regeneration is still
not clear. Physiological-biochemical, genetic researches and the expansion of microscopic
approaches are required to clarify the mechanism [29].

Auxins exert direct or indirect effects on root induction and are required for root
development [30]. The auxins IAA, NAA, and IBA induced, while 2,4-D hardly induced
roots from shoots in this study. Although 2,4-D presents high rooting activity in some plants,
it also has high phytotoxicity [31], and it was registered as an herbicide [32]. Moreover, a
synthetic auxin 2,4-D is more potent by perhaps 10-1000 times than natural auxins such as
IAA [33]. Thus, 2,4-D failed to induce roots in this study, probably due to its toxic effect and
the concentrations used in this study might have been too high. The greatest root induction
ratio was 70% in this study, much lower than in a previous research (100%), because the
shoots used in the previous research were directly from shoot tips or node explants [6].
Rhizogenesis is related to the physiological state of the explant. Perhaps the explants in
previous experiment were in different physiological states. Since endogenous auxins are
usually synthesized in the shoot tips and tender leaves, and then transported to the action
site [34], new leaves on shoots induced from shoot tips or node explants may have a better
auxin synthesis ability than calli-induced shoots.

5. Conclusions

Consequently, an effective indirect organogenesis system from young leaves of
C. wilsonii Nakai was established. The TDZ at 1.0 mg-L~! and NAA at 1.5 mg-L~! not only
had 100% callus induction ratio, but also induced the heaviest calli. The TDZ at 1.0 mg-L_1
and NAA at 0.2 mg-L~! had the greatest shoot induction ratio (44.4%). The greatest root
induction ratio (70%) was obtained when TAA at 0.8 mg~L’1. The acclimated plants grew
well in a glasshouse with a survival ratio of 93%.
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