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Abstract: Ardisia crenata var. bicolor is a multi-purpose plant and has important ornamental and
medicinal properties. Conventional methods of propagating the species from seeds and cuttings have
low efficiency because of the recalcitrant properties of seeds and low survival rate of high-quality
cuttings. This work aims to study the in vitro regeneration protocol for direct organogenesis from
nodal segments of A. crenata var. bicolor on Murashige and Skoog (MS) medium, with different
combinations and concentrations of plant growth regulators (PGRs). The treatments used for the
establishment and proliferation of shoots included MS medium supplemented with different concen-
trations of Benzyl-aminopurine (BAP) and indole-3-butyric acid (IBA). For rooting, IBA was used
in combination with naphthaleneacetic acid (NAA) in full- and half-strength MS media. Maximum
shoot establishment (76.67%) and the highest shoot length (6.6 cm) were observed on MS medium
with 1.0 mg·L−1 BAP with 0.5 mg·L−1 IBA, while BAP at 1.0 mg·L−1 with 0.25 mg·L−1 IBA obtained
the highest shoot proliferation (4.5 ± 1.53). The best rooting response (83.33%) was achieved on
half-strength MS including 1.0 mg·L−1 IBA with 0.25 mg·L−1 NAA, and the maximum survival rate
of 84.4% was observed after acclimatization under 75% shading. To define their genetic stability,
using eleven primers of ISSR markers to assess the genetic stability of the unstable leaf color samples
compared with their mother plant, the ISSR markers demonstrated a level of genetic polymorphism
in plantlets, but without other morphological variations. This indicates the genetic resemblance to
the mother plant and the reliability of this protocol for the efficient micropropagation of A. crenata
var. bicolor.
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1. Introduction

Ardisia crenata var. bicolor is a member of the Primulaceae family with highly orna-
mental properties like bicolor leaves and clustered red berries [1,2]. The fruits can adhere
to the maternal plant for twelve months or longer in a weak-light environment because
of their low requirements for water and nutrients, which makes it a good candidate for
ornamental houseplants and urban landscapes. Moreover, the root, stem, and leaf of
A. crenata var. bicolor contain a wide array of bioactive compounds, which have anti-tumor,
anti-cancer, and anti-inflammatory properties [2–6] and are commonly used in traditional
medicine to treat tuberculosis and bronchitis. This plant plays a key role as a traditional
folk herbal medicine in the ethnic minority region of southwest China and is used as an
antidote for snake poison. Because of its ornamental and medicinal values, demand for
A. crenata var. bicolor is increasing, and the species faces a high risk of extinction due to
over-exploitation, so mass propagation is needed.

Despite the phytochemical constituents and pharmacological properties of A. crenata
var. bicolor being applied widely, few studies have been reported on its in vitro culture. In
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present horticultural practice, A. crenata var. bicolor is propagated by conventional methods
like seeding and cutting. Nevertheless, A. crenata var. bicolor has a large number of seeds
with recalcitrant properties which restrict the rapid reproduction of the plant. Roh et al. [7]
showed that propagation through seeds needed thirteen weeks or longer to achieve a
germination rate of 80% at 25.8 ◦C, and commercial high-quality plants cannot be obtained
until four years later. In addition, the seeds had a low survival rate due to susceptibility to
dehydration in dry storage, even failing to germinate under dry conditions for 90 days [8,9],
though they can be stored at low temperatures (approximately 5 ◦C) for a period of time
with a higher and faster germination rate [10]. In addition, although cutting seedlings saves
time, with 76% of seedlings growing roots after 45 days and the ability to obtain commercial
seedlings in less than two years, only 31% to 40% of cuttings result in high-quality plants [7].
Therefore, an alternative technique like in vitro propagation is expected to provide a large
number of seedlings in a short time.

In recent decades, in vitro propagation for large-scale woody plants has made major
advances due to researcher efforts [11,12]. Many important species need to be urgently pro-
tected and judiciously commercialized [13–15], and the number is still increasing. During
the period of culture, because of the variable reaction of plants to an in vitro environment,
it is frequently accompanied by genetic variations, which may be affected by the cultural
conditions such as medium composition, type, and concentration of hormones [16,17].
Therefore, the purpose of in vitro propagation is to produce morphologically and geneti-
cally identical copies of the mother plant and assess its genetic stability. Research shows
that direct shoot induction without callus formation is a proper way to propagate plantlets,
while nodal segments as the first choice of explants can activate the axillary bud meristems
on the medium with plant growth regulators (PGRs) [18]. It also shows that directly regen-
erated plants are more stable and have a lower risk of genetic variability than plants raised
from calluses [19,20]. The inter-simple sequence repeat (ISSR) molecular marker has the ad-
vantages of simplicity and cost effectiveness and the fact that it does not require knowledge
of the DNA sequence information of the sample, which has been widely used in the genetic
homogeneity assessment of in vitro regenerated plantlets and mother plants [11,21–24]
and the genetic analysis of ornamental traits [25]. Because of the instability of leaf color
in A. crenata var. bicolor, which has different degrees of transition from green to purple to
purplish red during development, the leaf color may be related to external light conditions
or genetic changes. Therefore, the aims of this work were to establish an efficient, rapid
plant propagation protocol for A. crenata var. bicolor through nodal segments of senescent
maternal plants and to define the genetic stability between the regenerated plantlets and
the mother plant using ISSR marker analysis.

2. Materials and Methods
2.1. Plant Materials and Establishment of Culture Conditions

Explants of nodal segments (1.5–2.0 cm in length) were excised from the transverse
stems of senescent maternal plants (about six to seven years old) in the greenhouse of
Southwest Forestry University, Yunnan, China (Figure 1A). The explants were first washed
thoroughly under running tap water for 30 min and then treated with several drops of
tween-20 and 1.0 g·L−1 of mancozeb (Sichuan Guoguang Agrochemical Co., Ltd., Chengdu,
China) for 5 min, followed by three successive washings with distilled water. Thereafter,
explants were disinfected with surface-sterilizing agents under sterile conditions in a
laminar airflow bench. Nodal segments were disinfected with 75% ethanol for 45 s, then
0.1% mercuric chloride (w/v) for 8–10 min, and they were finally rinsed thrice with sterilized
double-distilled water to eliminate contamination. After washing, nodal segments were
placed on the sterile filter paper, and surface moisture was removed. Each explant was
placed in a single glass tube (150 × 25 mm) containing 10 mL of MS medium [26] with
20 mg·L−1 casein hydrolysate, 100 mg·L−1 phloroglucinol with 3% (w/v) sucrose, and 0.7%
(w/v) agar. The pH was adjusted to 5.8 with 1.0 N NaOH or HCl before autoclaving. The
MS medium, casein hydrolysate, phloroglucinol, and different concentrations of PGRs
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including Benzyl-aminopurine (BAP), indole-3-butyric acid (IBA), and naphthaleneacetic
acid (NAA) used in this study were purchased from Sigma-Aldrich (St. Louis, MO, USA).
The glass tubes were wrapped with aluminum foil and autoclaved at 121 ◦C for 20 min,
and then the sterilized explants (size 1.5–2.0 cm) were inoculated on basal MS medium.
The cultures were incubated in the culture room at 25 ± 2 ◦C under a 16/8 h (light/dark)
cycle, with light intensity provided by cool white fluorescent lights (1500–3000 lx). Two
weeks later, nodal segment explants without any contamination were subcultured on solid
MS medium of the same composition and sterilization.

Int. J. Plant Biol. 2023, 14, FOR PEER REVIEW  3 
 

 

autoclaving. The MS medium, casein hydrolysate, phloroglucinol, and different concentra‐

tions of PGRs including Benzyl‐aminopurine (BAP), indole‐3‐butyric acid (IBA), and naph‐

thaleneacetic acid (NAA) used in this study were purchased from Sigma‐Aldrich (St. Louis, 

MO, USA). The glass tubes were wrapped with aluminum foil and autoclaved at 121 °C 

for 20 min, and then the sterilized explants (size 1.5–2.0 cm) were inoculated on basal MS 

medium. The cultures were  incubated  in  the culture room at 25 ± 2 °C under a 16/8 h 

(light/dark) cycle, with  light  intensity provided by cool white  fluorescent  lights  (1500–

3000 lx). Two weeks later, nodal segment explants without any contamination were sub‐

cultured on solid MS medium of the same composition and sterilization. 

 

Figure 1. In vitro propagation via organogenesis of A. crenata var. bicolor. (A) Plant of A. crenata var. 

bicolor; (B) Shoot induction; (C) Different PGR combinations of BAP and IBA: ○1   0.0 mg∙L−1 BAP + 

1.00 mg∙L−1 IBA; ○2   0.5 mg∙L−1 BAP + 1.00 mg∙L−1 IBA; ○3   1.0 mg∙L−1 BAP + 0.50 mg∙L−1 IBA; ○4   1.5 

mg∙L−1 BAP + 1.00 mg∙L−1 IBA; ○5   1.0 mg∙L−1 BAP + 0.25 mg∙L−1 IBA; (D) Abnormal flower buds’ 

differentiation; (E,F) Root induction with different concentrations of IBA and NAA; (G) Regenerated 

plantlets, transferred to nursery black poly bags and covered with sunshade net; and (H) Transplan‐

tation for six months from the end of the acclimatization period. 

2.2. PGR Treatments for Shoot Establishment and Proliferation and Root Induction 

For shoot establishment and induction, the MS medium was supplemented with dif‐

ferent  concentrations of BAP  (0, 0.5, 1.0, and 1.5 mg∙L−1) and  IBA  (0, 0.25, 0.5, and 1.0 

mg∙L−1), all with 0.2% activated charcoal (AC). The percentage of explant establishment 

(established  explants/explants  ×  100%) was  determined  30  days  post‐culturing, while 

shoot  length  (cm)  and  shoot proliferation  (shoots/explants) were  recorded  after  seven 

weeks. The results of visual observations were recorded every five days during the period 

of culture, and the effects of different PGRs on shoot establishment and number of shoots 

were evaluated. For rooting, in vitro developed single shoots were transferred to the full‐ 

and half‐strength MS media with different IBA (0, 0.25, 0.5, and 1.0 mg∙L−1) and NAA (0, 

0.25, and 0.5 mg∙L−1) concentrations. The plants for rooting in hormone‐free MS medium 

were used as the control. Cultures were incubated under the same conditions as above, 

and the rooting percentage (number of rootings/explants × 100%) and average root num‐

bers (root numbers/number of rooted explants) were recorded after six weeks of incuba‐

tion. All the experiments were conducted in triplicate, with 20 explants in each group. 

Figure 1. In Vitro propagation via organogenesis of A. crenata var. bicolor. (A) Plant of A. crenata
var. bicolor; (B) Shoot induction; (C) Different PGR combinations of BAP and IBA: 1© 0.0 mg·L−1

BAP + 1.00 mg·L−1 IBA; 2© 0.5 mg·L−1 BAP + 1.00 mg·L−1 IBA; 3© 1.0 mg·L−1 BAP + 0.50 mg·L−1

IBA; 4© 1.5 mg·L−1 BAP + 1.00 mg·L−1 IBA; 5© 1.0 mg·L−1 BAP + 0.25 mg·L−1 IBA; (D) Abnormal
flower buds’ differentiation; (E,F) Root induction with different concentrations of IBA and NAA;
(G) Regenerated plantlets, transferred to nursery black poly bags and covered with sunshade net;
and (H) Transplantation for six months from the end of the acclimatization period.

2.2. PGR Treatments for Shoot Establishment and Proliferation and Root Induction

For shoot establishment and induction, the MS medium was supplemented with
different concentrations of BAP (0, 0.5, 1.0, and 1.5 mg·L−1) and IBA (0, 0.25, 0.5, and
1.0 mg·L−1), all with 0.2% activated charcoal (AC). The percentage of explant establishment
(established explants/explants × 100%) was determined 30 days post-culturing, while
shoot length (cm) and shoot proliferation (shoots/explants) were recorded after seven
weeks. The results of visual observations were recorded every five days during the period
of culture, and the effects of different PGRs on shoot establishment and number of shoots
were evaluated. For rooting, in vitro developed single shoots were transferred to the full-
and half-strength MS media with different IBA (0, 0.25, 0.5, and 1.0 mg·L−1) and NAA (0,
0.25, and 0.5 mg·L−1) concentrations. The plants for rooting in hormone-free MS medium
were used as the control. Cultures were incubated under the same conditions as above, and
the rooting percentage (number of rootings/explants × 100%) and average root numbers
(root numbers/number of rooted explants) were recorded after six weeks of incubation.
All the experiments were conducted in triplicate, with 20 explants in each group.
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2.3. Plantlet Acclimatization

The rooted plantlets were removed from the culture tubes after six weeks and washed
carefully with tap water to eliminate the medium residue and prevent fungal contamina-
tion. Regenerated plantlets were transferred to black nursery poly bags containing the
autoclaved peat, perlite, and vermiculite mixture (2:1:1, v:v:v) and were kept under green-
house conditions of 25 ± 2 ◦C and 80–90% relative humidity. To maintain the humidity,
plants were covered with a transparent polythene sheet and sunshade net and removed
after one week for further growth. The survival rate of transplanting was determined after
five weeks.

2.4. DNA Extraction and Genetic Homogeneity Assessment

Genomic DNA was extracted from the leaves of seven randomly selected plantlets
with different transition colors and from the mother plant by the modified cetyl trimethyl
ammonium bromide (CTAB) method [27]. The concentration of DNA was evaluated using
agarose gel (1.0%) electrophoresis. The samples of DNA were then stored at −20 ◦C. A
total of forty-five ISSR primers (Shuoyangbiotech Co. Ltd., Kunming, China) were used
for initial screening, from which eleven were finally selected (Table 1). PCR amplification
was performed in a total of 20 µL reaction mixture containing 7.5 µL of master mix (Takara
Bio Inc., Shiga, Japan), 10.5 µL of dd H2O, 1 µL of template DNA (50–60 ng·µL−1), and
1 µL of ISSR primer (30 ng·µL−1). The reaction condition was optimized, and then the
amplification was performed in an Eppendorf thermal cycler (Stevenage, UK) using the
following program: 94 ◦C for 5 min in the initial denaturation, followed by thirty-three
cycles of denaturation at 94 ◦C for 45 s, annealing at 49–53 ◦C for 45 s, and extension at
72 ◦C for 1 min, with a final extension at 72 ◦C for 10 min. The PCR product was resolved
by electrophoresis on 1% agarose gel in 1 × TBE buffer, stained with 7% ethidium bromide,
and photographed in Bio-Doc Analyze Gel Documentation System (Biometra, Germany).
A 100–2000 bp DNA ladder (Takara Bio Inc., Shiga, Japan) was used to estimate the length
of the amplified products.

Table 1. Details of ISSR primers used in this work.

NO. Primer
Code

Primer Sequence
(5′–3′)

Annealing
Temperature (◦C) Total Bands Polymorphic

Bands
Percentage of

Polymorphic Bands (%)

1 ISSR-1 (AG)8T 50 4 0 00.00
2 ISSR-2 (AG)8C 51 7 0 00.00
3 ISSR-3 (GA)8C 52 8 1 12.50
4 ISSR-4 (GA)8A 49.5 8 0 0.00
5 ISSR-5 (CA)8G 49 7 1 14.28
6 ISSR-6 (AC)8G 51.5 9 0 0.00
7 ISSR-7 (TG)8C 49.5 7 2 28.57
8 ISSR-8 (AG)8YT 50 12 2 16.67
9 ISSR-9 (GA)8YC 52 7 0 0.00
10 ISSR-10 (AC)8YG 50 7 1 14.28
11 ISSR-11 BDB(CA)7 53 7 1 14.28

2.5. Statistical Analysis

Experiments were performed in a completely randomized design in triplicate. Data in
percentages were subjected to an arcsin transformation prior to statistical analysis by SPSS
software (version 21.0), and significant differences were determined by Duncan’s test, with
p < 0.05. The results were shown as mean ± standard errors of the three replicates.

3. Results and Discussion
3.1. Shoot Establishment and Proliferation

One of the most important groups of PGRs is the cytokinins, which play a decisive
role in shoot regeneration and multiplication [28]. Among them, BAP has been considered
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to be more favorable and provide a higher multiplication rate than other cytokinins [29],
as well as being more easily metabolized in plant tissue. Aakriti et al. [30] also proved
that BAP alone has the best bud induction, and for this reason it is widely used for in vitro
culturing [14,31]. Jogam et al. [22] showed that BAP alone on MS medium could induce
the direct regeneration of shoots from nodal meristems of Artemisia vulgaris. Based on all
the experiments, the lowest establishment rate (11.67%) and the longest induction time
(four weeks post-culturing) were detected in the hormone-free conditions, while the MS
medium with IBA alone showed a low induction, and there were no significant differences
among different treatments (p < 0.05) (Table 2). In addition, although an increase in BAP
concentration on the MS medium without IBA caused a positive effect on the establishment
of explants of A. crenata var. bicolor, the induction rate was still low. Therefore, the sterilized
nodal segments of A. crenata var. bicolor started to respond fourteen days post-culturing
on the basal MS medium with different concentrations of BAP and IBA, and the direct
organogenesis occurred without callus formation on the epidermal layer of the explants
and showed no morphogenic variation (Table 2, Figure 1B). The best performance in terms
of the explants, with 76.67% establishment rate and 6.6 cm shoot length, was achieved on
the MS medium supplemented with 1.0 mg·L−1 BAP and 0.5 mg·L−1 IBA (Figure 1C 3©);
the highest mean shoot number was 4.5, where BAP was at 1.0 mg·L−1 with 0.25 mg·L−1

IBA (Figure 1C 5©).

Table 2. Effect of BAP and IBA combinations on in vitro propagation of A. crenata var. bicolor explants.

PGRs (mg·L−1) Nodal Segment

BAP IBA Establishment Rates
(%) Mean ± SE

No. of Shoots/Explant
Mean ± SE

Shoot Length (cm)
Mean ± SE

0.0

0.00 11.67 ± 0.01 d 1.0 ± 0.58 e 1.4 ± 0.10 h

0.25 13.33 ± 0.03 d 1.1 ± 0.00 e 2.0 ± 0.13 g

0.50 13.33 ± 0.05 d 1.3 ± 1.53 e 2.1 ± 0.13 g

1.00 15.00 ± 0.08 d 1.4 ± 1.53 e 2.2 ± 0.25 g

0.5

0.00 18.33 ± 0.08 d 1.5 ± 2.08 e 2.3 ± 0.09 g

0.25 30.00 ± 0.06 cd 1.6 ± 2.08 e 2.5 ± 0.05 g

0.50 41.67 ± 0.08 bc 2.2 ± 6.11 d 3.0 ± 0.23 f

1.00 48.33 ± 0.06 b 2.7 ± 1.53 bc 3.4 ± 0.21 ef

1.0

0.00 26.67 ± 0.03 cd 1.6 ± 2.52 e 2.1 ± 0.16 g

0.25 60.00 ± 0.03 a 4.5 ± 1.53 a 4.4 ± 0.24 cd

0.50 76.67 ± 0.02 a 2.9 ± 2.52 b 6.6 ± 0.20 a

1.00 53.33 ± 0.04 ab 2.8 ± 2.00 bc 5.8 ± 0.09 b

1.5

0.00 35.00 ± 0.05 c 1.3 ± 0.58 e 2.5 ± 0.13 g

0.25 56.67 ± 0.06 ab 2.5 ± 1.53 c 3.7 ± 0.15 de

0.50 65.00 ± 0.03 a 3.0 ± 3.51 b 4.8 ± 0.13 c

1.00 53.33 ± 0.02 ab 2.2 ± 1.53 d 4.0 ± 0.16 d

Different lowercase letters in each column indicate significant difference by Duncan’s multiple range tests at
p < 0.05.

In short, a decrease in the establishment rate and few shoots were observed with
lower concentrations of BAP and IBA. Higher concentrations of BAP and IBA, on the
contrary, induced an earlier budding response and even the blooming of buds or albino
leaves, but not necrosis (Figure 1D). In contrast, due to the combined effect, intermedi-
ate concentrations of BAP and IBA were able to obtain the highest numbers of shoots.
The results were consistent with Francesca et al. [32] that the explants achieved the best
growth on MS medium supplemented with BAP and IBA. Similarly, the maximum prolif-
eration percent and the highest shoot number with the length of Petunia hybrida Vilm.
Cv. “Bravo” were obtained in the PGR combination with both 0.5 mg·L−1 IBA and
BAP [33]. Therefore, the combined application of BAP and IBA or IAA showed a better
effect on the shoot regeneration of most plants than their individual use, and in combination
they could significantly improve the maximum number of shoots per explant and shoot
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length [22,34,35]. The results were consistent with previous works that have argued for the
crucial role of an optimal BAP and IBA ratio for shoot induction and proliferation.

3.2. Root Induction

The quality of root induction is significantly influenced by the medium type and
strength and the concentration of auxins (IBA, IAA, and NAA) [36]. Aakriti et al. [30]
revealed that full- or half-strength MS media without any PGRs failed to induce a rooting
reaction. However, lower rooting percentages (8.33% and 11.67%, respectively) occurred
in the hormone-free conditions in this study, which may be related to the endogenous
level of auxins in the tissue surface. Yang et al. [37] suggested that supplementing with
NAA alone on MS medium was found to be more optimal for inducing rhizogenesis
than IBA, particularly in terms of root number and root length. However, Nongdam and
Tikendra [38] found that IBA is more effective for rooting formation as compared to NAA;
the result was consistent with Jung et al. [39] that a higher rooting rate was observed on
half-strength MS. In this study, although the individual addition of IBA or NAA could
also induce the root formation in A. crenata var. bicolor explants, the results were not
satisfactory for rooting. Therefore, the robust in vitro shoots of A. crenata var. bicolor were
shifted for root induction onto full- or half-strength MS basal media containing different
concentrations of IBA and NAA. The results showed a significant difference in the rooting
percentage and root numbers among the treatment groups (Table 3). With the increase in
IBA levels (up to 1.0 mg·L−1), the frequency of root induction was enhanced; in particular,
the highest rooting percentages (71.67% and 83.33%, respectively) and root numbers (4.2
and 4.5, respectively) were reached in full- and half-strength MS medium supplemented
with 0.25 mg·L−1 NAA, but this gradually decreased with the increased concentration of
NAA (Figure 1E,F). Sunil et al. [40] observed the maximum response on the rooting medium
of Cicer arietinum supplemented with 0.10 and 0.50 mg·L−1 of IBA and IAA. Comparatively,
the combined application of IBA and NAA showed a better effect on root formation than
their individual use and was more effective in a half-strength MS medium.

Table 3. Effects of different IBA and NAA combinations on root induction of A. crenata var.
bicolor explants.

PGRs (mg·L−1) Full-Strength MS Half-Strength MS

IBA NAA Percentage of Rooting
(%) Mean ± SE

Root Number
Mean ± SE

Percentage of Rooting
(%) Mean ± SE

Root Number
Mean ± SE

0
0.00 8.33 ± 0.03 e 1.0 ± 0.00 c 11.67 ± 0.08 d 1.3 ± 0.58 d

0.25 18.33 ± 0.18 d 1.3 ± 0.16 c 30.00 ± 0.30 c 1.4 ± 0.22 d

0.50 20.00 ± 0.20 d 1.5 ± 0.41 c 33.33 ± 0.33 c 2.0 ± 0.42 cd

0.25
0.00 21.67 ± 0.22 d 1.1 ± 0.27 c 30.00 ± 0.30 c 1.3 ± 0.39 d

0.25 43.33 ± 0.43 b 1.7 ± 0.44 c 55.00 ± 0.55 c 2.0 ± 0.05 cd

0.50 55.00 ± 0.55 ab 2.2 ± 0.47 b 65.00 ± 0.65 b 2.0 ± 0.04 cd

0.5
0.00 26.67 ± 0.27 cd 1.2 ± 0.05 c 31.67 ± 0.32 c 1.5 ± 0.42 d

0.25 56.67 ± 0.57 ab 3.7 ± 0.58 a 63.33 ± 0.63 b 4.0 ± 0.27 ab

0.50 63.33 ± 0.63 ab 3.3 ± 0.43 ab 65.00 ± 0.65 b 3.1 ± 0.68 bc

1.0
0.00 33.33 ± 0.33 c 1.3 ± 0.30 c 36.67 ± 0.37 c 1.6 ± 0.19 d

0.25 71.67 ± 0.72 a 4.2 ± 0.55 a 83.33 ± 0.83 a 4.5 ± 0.50 a

0.50 68.33 ± 0.68 ab 3.4 ± 0.64 ab 70.00 ± 0.70 b 3.2 ± 0.88 b

Different lower-case letters in each column indicate significant difference by Duncan’s multiple range test at
p < 0.05.

3.3. Acclimatization

A common problem of propagation in vitro is how to adapt to external conditions,
which reduce the mortality of vulnerable plantlets caused by fungal and bacterial con-
tamination, which is a major challenge for in vitro propagation [41]. In this study, all the
regenerated plantlets were kept inside a greenhouse to adapt to an open environment for



Int. J. Plant Biol. 2023, 14 224

one month, and then the well-developed complete plantlets were removed from the culture
medium and treated with 1.0 g·L−1 antifungal agent, then transferred to the nursery black
poly bags containing the autoclaved peat, perlite, and vermiculite mixture (2:1:1, v:v:v). In
addition, a different shading net and gradually increasing light irradiance could increase
the survival rate of plantlets [42]. In this study, the plantlets were then placed under 75%
shading, 50% shading, and natural light irradiance (0%) conditions for acclimatization
(Table 4, Figure 1G,H) and continually kept at 25 ± 2 ◦C and 80–90% relative humidity
under greenhouse conditions. Plantlets kept for a month under 75% shading achieved
the highest survival rate of 84.4%, followed by 50% shading with 63.3% survival. The
survival rate dropped to 20.0% when plantlets were kept under natural light irradiance for
a month, indicating that the degree of shading drastically affected the survival rate of the
acclimatized A. crenata var. bicolor plantlets in greenhouse conditions.

Table 4. Influence of shading treatments during acclimatization of in-vitro-produced plantlets of
A. crenata var. bicolor.

Treatment Substrate Mixture
Peat:Vermiculite:Perlite Shading Survival Rate (%)

I 2:1:1 75% 84.4 ± 0.13 a

II 2:1:1 50% 63.3 ± 0.15 b

III 2:1:1 0% 20.0 ± 0.03 c

Different letters in each column indicate significant difference by Duncan’s multiple range test at p < 0.05.

3.4. Assessment of Genetic Stability by ISSR

During the cultivation of A. crenata var. bicolor plantlets, no other morphological
variations were observed except for some green and purple changes on the back of the
leaves and stems. Based on the morphological changes, we further confirmed the genetic
stability between typical plantlets and their mother plant; a comparison of seven A. crenata
var. bicolor plantlets and their mother plant was carried out using a set of eleven screened
ISSR primers. The number of amplified fragments is shown in Table 1. A total of eighty-
three bands of clear and reproducible amplification products was produced, with an
average of 7.5 bands per ISSR primer, seventy-five of which were monomorphic (90.36%),
while the remaining eight bands were polymorphic (9.64%). The results indicated a level
of genetic polymorphism of in-vitro-cultured plants (Figure 2, Supplementary Figure S1).
Previous reports have also verified some degree of genetic instability of plantlets under long-
term in vitro culture [43], which also increased with successive subcultures [44]. Therefore,
we need to combine a level of genetic polymorphism with field planting and further assess
the morphological variations [37]. In addition, the morphological performance of plantlets
is affected by in vitro culture conditions such as light intensity and light quality [45,46].
In this study, all the leaf colors of the A. crenata var. bicolor plantlets gradually deepened
to purplish red with the enhancement of natural light irradiance after acclimatization.
They maintained the same traits as their mother plants, which may be related to the light
intensity and light quality. The results of this study demonstrate the possibilities of nodal
segments for producing genetically stable plants, and the high genetic stability which was
demonstrated has great significance for the expansion and breeding of A. crenata var. bicolor.
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Figure 2. ISSR profiles generated by PCR amplification. Lane L: Molecular marker (2000 bp); lane
M: Mother plant; lane 1–7: In-vitro-raised plants. (A) PCR-amplified banding pattern obtained with
ISSR-1 primer. (B) ISSR-4.

4. Conclusions

Our findings show that the MS medium supplemented with PGRs provided better
conditions for establishment rate and shoot proliferation. The combined application of
IBA and BAP had better influence on shoot induction and increasing shoot growth of A.
crenata var. bicolor explants than their individual use, and it was found that the higher
the concentrations of BAP and IBA used, the earlier the budding response. Moreover,
rooting could be induced, regardless of the medium strength, the auxin type (IBA, NAA)
and concentration, or whether the explants were transferred onto a hormone-free medium.
The incorporation of IBA and NAA into a half-strength MS medium more effectively
promoted root formation, which gave significantly better results than incorporation into a
full-strength medium. In this study, although there were some changes in the leaf color
of the A. crenata var. bicolor plantlets, ISSR-marker-based genetic homogeneity results
revealed a level of genetic polymorphism in plantlets, but the plantlets maintained the
same morphological traits as their mother plants during development. Such relative
higher genetic stability plays a positive role in expanding the reproduction coefficient and
improving the germplasm quality of A. crenata var. bicolor.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/ijpb14010018/s1, Figure S1: ISSR profiles generated by
PCR amplification.
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