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ABSTRACT

Mimosa pudica is a medicinal plant worthy of therapeutic properties. It is often overlooked
as one of the weed species, and the potential was underappreciated despite its abundance in
nature, particularly in tropical climate countries. Considering the aptitude of this species,
the micropropagation protocol of M. pudica was revisited and enhanced. The seed surface
sterilization and germination were assessed, followed by shoot multiplication rate and root
initiation efficiency. Seeds of M. pudica were best surface sterilized with 35% of Clorox
and recorded the highest germination rate at 65.55% in media of three-quarter strength

Murashige and Skoog (MS) combined with
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30 g of sucrose. The explants were harvested
and subcultured into multiplication media
fortified with 6-benzylaminopurine, kinetin,
and coconut water. The highest number
of new shoots and leaves were obtained
at 3 shoots and 3.27 cm in media of MS
combined with 17.6 um kinetin. Half-
strength MS media devoid of hormone was
recommended for root induction, resulting
in the 5 healthy roots at 2.06 cm after 4
weeks of culture. Overall, the developed
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micropropagation protocol of M. pudica
could facilitate its large-scale cultivation,
indicating its potential as a medicinal crop
for the extraction of bioactive compounds.

Keywords: Medicinal weed, micropropagation,

Mimosa pudica

INTRODUCTION

Mimosa pudica is a medicinal plant known
for its sensitive trait in which its leaves fold
inward and droop as a form of defensive
response. In previous reports, M. pudica
has been demonstrated to possess promising
antioxidant and antidiabetic properties
(Baharuddin et al., 2021). The significant
amount of phenols and flavonoids in M.
pudica extract, especially when extracted
using optimal solvent extraction techniques,
has positioned it as the next valuable
medicinal plant species to be regenerated
in vitro.

Among many advantages of in vitro-
cultured plants is the ability to synthesize
and accumulate many of the same important
bioactive compounds as the parent plant in
nature (Baskaran et al., 2014). It also enables
biosynthetic pathways to be manipulated
to boost the synthesis and accumulation of
compounds of interest (Dias et al., 2016).
The most significant aspect is the capacity to
produce a continuous, sustainable, affordable,
and viable synthesis of natural substances
within a controlled microenvironment
(Anand, 2010). However, studies on the
protocols of in vitro micropropagation of
M. pudica are limited (Hassan et al., 2010;
Ramesh et al., 2013). In general, the medium
composition is one of the many factors
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that influence the success of an in vitro
micropropagation protocol. The result from
the most recent micropropagation study of
M. pudica by Bianchetti et al. (2017) in the
germination part was not reproducible in
this present study. To investigate this issue,
other germination media components not
addressed in the previous study, such as
the type and strength of the basal medium
and sucrose concentration, were assessed to
establish a reproducible in vitro germination
media for M. pudica seeds. Also, an organic
additive was tested in the shoot multiplication
test, and 2,4-dichlorophenoxyacetic acid
(2,4-D) was used in the rooting part of this
experiment to fill in the gap in the previous
studies.

Therefore, the present study aimed to
develop reliable micropropagation protocols
for the in vitro seed germination, shoot
multiplication, and root initiation of M.
pudica. Through a series of experiments,
the effects of media composition were
determined: (1) effects of basal medium
type, basal medium strengths, and
sucrose concentration in response to seed
germination, (2) effects of different types of
cytokinins and organic additive in response
to the shoot multiplication, and (3) effects of
Murashige and Skoog (MS) basal medium
strength and 2,4-D in response to root
initiation of M. pudica plantlets.

MATERIALS AND METHODS
Surface Sterilization, Seed
Germination, and Culture Initiation

Seeds of M. pudica were obtained from
a single source from Beijing, China, to
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ensure uniformity of origin. The seeds were
put in a conical flask and washed under
running tap water, followed by a Decon
90 (Decon, United Kingdom) wash. The
seeds were treated with fungicide (Ancom
Thiram 80, Malaysia) containing several
drops of Tween-20 (Merck Schuchardt
OHG, Germany) for 30 min on a rotary
shaker before being rinsed with distilled
water. Next, the seeds were transferred to
a laminar airflow chamber (BIOBASE,
BBS-V800, China) and soaked in 70%
ethanol (Systerm Chemicals, Malaysia) for
1 min. Subsequently, the seeds were treated
with three different treatments of 35, 70,

Table 1

Mimosa pudica seed sterilization treatment steps

and 100% Clorox© (contains 5% sodium
hypochlorite, NaOCI (Systerm Chemicals,
Malaysia) as an active ingredient) for
15 min (Table 1). In each treatment, 100
seeds were used with three replicates. The
surface-sterilized seeds were rinsed with
sterile distilled water five times before
culturing them into media containing MS
basal medium. The rate of contamination
and germination was recorded after 14 days
of culture using equations 1 and 2 (Ahmadi
etal., 2012). The appropriate concentration
of Clorox© was selected for the subsequent
seed germination experiment.

Sterilizing agents with exposure time

Treatment no.

Step 1 Step 2 Step 3 Step 4
(30 min) (30 min) (1 min) (15 min)
1
. 35% Clorox
2 De;;): ?)? " ;322?2—(; 70% ethanol 70% Clorox
3 P 100% Clorox
Equation 1: (half, three-quarter, and full) with different

Contamination percentage (%) = (Number
of seeds with microbial growth/Total
number of seeds) x 100%

Equation 2:
Germination percentage (%) = (Number of
grown seeds/Total number of seeds) x 100%

To assess the effects of media
composition on seed germination of M.
pudica, the surface-sterilized seeds were
cultured into two different basal mediums
(Murashige and Skoog, MS and Gamborg,
B5) at different basal medium strengths

sucrose (MSM Holdings Berhad, Malaysia)
concentrations (15, 30, 45 g/L). The media
used were adjusted to a pH of 5.7 using
sodium hydroxide (NaOH) (Systerm
Chemicals, Malaysia) or hydrochloric acid
(HCl) (Systerm Chemicals, Malaysia) and
solidified with 3% agar (Gelrite, Sigma
Aldrich, USA) before autoclaving at 121°C
and 103 kPa for 20 min. The flasks were then
sealed with parafilm M® (Bemis Company,
USA), and the cultures were incubated in
a culture room at 25 + 2°C, illuminated by
white fluorescent light at an intensity of
3,000 lux (OSRAM Licht AG, Germany),
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with a photoperiod of 16 hr light and 8
hr darkness. The same condition of the
culture room was used for subsequent in
vitro experiments. Cultures were checked
routinely for any contamination. The seed
germination percentage, number of shoots,
and shoot length were recorded on the 30™
day of culture.

Shoot Multiplication of M. pudica

To determine the effects of different types
of cytokinin, i.e., 6-benzylaminopurine
(BAP) and kinetin (KIN), and coconut
water (CW) to shoot multiplication of M.
pudica, sterile nodal segments of 2.0 — 3.0
cm obtained from culture initiation with
decapitated leaves were vertically cultured
on MS containing 3% sucrose and 3 g/L of
agar with varying concentration of BAP
and KIN (2.2, 4.4, 8.8, 17.6, and 35.2 uM)
and CW (10, 20, 30, 40, and 50% v/v). CW
was acquired from fresh coconuts sold by
a local vendor. MS was the control group
without adding plant growth hormone or
organic additives. The number of new
shoots, shoot length, and morphology were
visually assessed and recorded after 30 days
of culture.

Root Initiation of M. pudica

To evaluate the effects of MS basal medium
strength and auxin concentration, which was
2,4-D to root initiation of M. pudica, sterile
plantlet clusters of about 4 cm having at
least 4 shoots were excised and cultured into
rooting media treatment with different MS
strength (half and full) and varying 2,4-D
concentrations (5.33 and 10.66 uM). Days
to root emergence, number of roots, root

length, and morphology were recorded after
30 days of culture.

Statistical Analysis

All the experimental data were given as
mean + standard error of the mean and
submitted to analysis of variance (ANOVA)
to detect significant differences between
means. Means differing significantly were
compared using the Tukey post hoc test
(p<0.05) using the statistical software
program SPSS (version 23).

RESULTS AND DISCUSSION

Effect of Different Sterilization Treatments
on Contamination and Seed Germination
Rate

Surface sterilization of seeds is a crucial
step in plant tissue culture since it is
necessary not only to disinfect seeds from
seed-borne microorganisms but also to
ensure they can grow into healthy plantlets.
Failure to optimize this step will result in
microorganisms competing for nutrients with
the growing explants (Tiwari et al., 2012).
Furthermore, this procedure is required to
eliminate or destroy contaminants while
preserving the biological activity of the
explants (Felek et al., 2015).

Clorox is a commercial bleach
commonly used in sterilization treatments
with 5% NaOCI as its active ingredient in
an undiluted solution. In the control group
(0% Clorox), contamination recorded was
100%, observed in each culture, and the
germination rate was 9.67% (Figures 1A
and 1B). Furthermore, the 35% Clorox
treatment indicated 13.66 and 41.33%
contamination and germination rates,
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respectively. Contrariwise, the 70% Clorox
treatment resulted in a marginally lower
contamination rate of 12.33% with a
significantly reduced seed germination
rate of 27.33% (p<0.05). In 100% Clorox,
zero contamination was observed, resulting
in extremely few germinated seeds. The
morphology and survival of explants are
known to be affected by sterilizing agent
dosages and exposure time. Explants must
be disinfected for a specific amount of
time and at a specific concentration, as
overdosing might result in plant tissue death
(Oyebanji et al., 2009). Even though there
was no contamination, 100% Clorox was
shown to be ineffective for seed surface
sterilization of M. pudina since it dried out
the seeds (Figure 1C) and impaired their
propensity to germinate.
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The same pattern was observed in the
surface sterilization of Zea mays seeds,
where the combination of 70% ethanol
and 10% NaOCI was agreed to be the
most effective treatment in eliminating
seeds-associated microbes. It resulted in
the highest number of germinated seeds
with the lowest contamination rate, as
compared to the treatments with 10%
hydrogen peroxide (H,0,) or 10% sodium
hypochloride (NaOCl) (Davoudpour et
al., 2020). Similarly, using 4% NaOCl
to surface-sterilize the seeds of Althaea
officinalis showed the lowest contamination
rate compared to using mercuric chloride.
The germination percentage recorded
was also comparable to the treatment that
resulted in the highest germination rate
(Younesikelaki et al., 2016).
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Figure 1. A) Contamination rate of Mimosa pudica after different sterilization treatments; B) Germination
rate of M. pudica after different sterilization treatments. Values are expressed as mean =+ standard error (n =
3). Different letters indicate statistically significant differences between factors (one-way ANOVA + Tukey
post-hoc test at p<0.05); C-F) Seeds of M. pudica after surface sterilization with different concentrations of
Clorox ranging from 0, 35, 70, and 100%, respectively
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Seed Germination of M. pudica Seeds
and Plantlets Development in Response
to Different Medium Composition
Seed germination was recorded starting from
day five after inoculation in germination
media as the hypocotyls emerged (Figure
2A). Following that, the dicotyledons
appeared (Figure 2B), the first true leaves
were formed (Figure 2C), and the shoot was
established (Figure 2D). The most recent
micropropagation study of M. pudica by
Bianchetti et al. (2017) incorporated a full-
strength MS basal medium and recorded
87% germination. In this study, other
germination media parameters, such as
type and strength of the basal medium and
sucrose concentration, need to be assessed to
establish a reproducible in vitro germination
media for M. pudica seeds, which were not
addressed in the previous study.

Therefore, different media compositions
were incorporated in the basal medium,

MS and BS5, with varied concentrations
(i.e., %2, %, and full), including sucrose
with concentrations ranging from 15,
30, to 45 g/L. The overall results (Table
2) demonstrated that the /2 MS + 15 g/L
sucrose recorded the highest percentage of
germinated seeds (68.85%), the ¥4 MS + 30
g/L sucrose recorded the highest number
of new shoots (3.22 cm), and full MS +
15 g/L sucrose recorded the longest shoot
length (3.78 cm). In contrast, the full BS +
45 g/L sucrose recorded the lowest values
for all three responses. Therefore, based on
the results, the % MS + 30 g/L sucrose was
selected as germination media for plantlet
production for the subsequent study shoot
multiplication study.

All three factors demonstrated
statistically significant differences (p<0.05)
in seed germination percentage. However,
only the basal medium type was found
significant to the number of new shoots

Figure 2. Culture initiation of Mimosa pudica seed. A) Emergence of hypocotyls; B) Emergence of dicotyledons;
C) Formation of first true leaves; D) Formation of shoots

Note. Bar=1.0 cm
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formed and the shoot length. In terms of
interactions between the factors, overall
interactions were significant to germinated
seeds percentage. Nevertheless, the factors’

In Vitro Micropropagation of Mimosa pudica

interactions had no notable effect on the

Table 2

The effects of the type and concentration of the basal medium and the sucrose concentration in the germination

number of shoots. The same applies to
the length of the shoot, except that basal
medium strength and sucrose were the only
significant interaction factors (Table 3).

media on the percentage of seed germination, number of shoots, and shoot length of M. pudica

Bas'al m]?e?liiin conscue(;lrt(r)aslteion Germinated Number of Shoot length
medium strength (/L) seeds (%) shoots (cm)

- Control - 50.00 + 5.6°¢ 2.78 £ 0° 1.18+0.2°
1/2 15 68.85 + 4.5° 222+ 1.4 3.09+£1.3°

30 52.20 £ 1.1%b¢ 2.11+£0.7¢ 2.86 £ 1.3

45 36.70 + 1.1°¢ 2.11+0.7 3.36 £ 0.7

3/4 15 47.75 £ 5.6° 2.61£0.7° 2.88 £0.8

MS 30 65.55 + 3,330 322+ 1.4 3.38 +£0.6°
45 4780+ 1.1¢ 2.33+0.7° 3.68 £1.1%°

Full (1) 15 44.45 £ 2.3¢4 3.11+1.42 3.78 £0.200

30 40.00 £ 2.2¢¢ 2.67+0.7 3.16 £ 0.4

45 38.9 £ 3.3 2.11+£0.7¢ 3.04+£0.9°

172 15 44.4 £2.2b¢ 2.44+0.8° 2.90 £ 0.6

30 36.67 £5.6% 2.11 0.7 3.19 £ 0.4%°

45 42.22 £0¢ 1.78 £0.8° 1.92 £0.7%0

3/4 15 28.89 £2.24 1.67 0.6 2.10+£0.8 20

B5 30 27.78 £ 1.1¢4 1.44 £0.8° 2.58 £0.9
45 43.33 £ 1.1¢4 2.22+1.3° 338+1.1°

Full (1) 15 S51.11£2.2¢4 2.67+1.22 3.04 £ 0.6

30 42.22 4+ 2.2¢4 2.11+1.1¢ 2.59 £ 1.1

45 27.78 £ 1.1¢¢ 1.44 +1.3° 2.08 £ 1.4

Note. Data were collected and expressed as the mean =+ standard error after 30 days of culture of three
replicates, in which each replicate contains three explants. The data were tested for statistical differences
by three-way ANOVA followed by the Tukey post hoc test. The criterion for significance was set at p<0.05.
Means that do not share a letter are significantly different

MS = Murashige and Skoog
B5 = Gamborg B5
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Table 3
The p value of interactions between factors affecting seed germination of M. pudica
Factor’s interaction Response p value
Basal medium type * Basal medium strength 0.000*
Basal medium type * Sucrose Germinated 0.003*
Basal medium strength * Sucrose seeds 0.000*
Basal medium type * Basal medium strength * Sucrose 0.009*
Basal medium type * Basal medium strength 0.219
Basal medium type * Sucrose Number of 0.697
Basal medium strength * Sucrose shoots 0.458
Basal medium type * Basal medium strength * Sucrose 0.557
Basal medium type * Basal medium strength 0.787
Basal medium type * Sucrose Length of 0.495
Basal medium strength * Sucrose shoots 0.021%
Basal medium type * Basal medium strength * Sucrose 0.368

Note. Value with * is significant (p<0.05)

MS and B5 have their properties
and potential effects on in vitro plantlets.
Generally, the most notable difference
between MS and B5 media is the decreased
ammonium/nitrate (NH,"/ NOy’) ratio in
the B5 medium (Russowski et al., 2006).
The saturated nutritional content of full-
strength MS might be inappropriate for the
small, immature seeds of M. pudica, which
hinders germination and healthy growth of
the plantlets. On the other hand, the low
inorganic nutrients of B5 (e.g., calcium and
magnesium) might cause nutrient deficiency,
thus compromising the germination and
growth of seedlings (Li & Zhang, 2018). MS
contains high inorganic salts (e.g., nitrate,
potassium, and ammonium), facilitating
plant nutrient uptake and development (Koné
et al., 2015). This study supports evidence
from previous observations on Dendrobium

hookerianum seeds (Paul et al., 2012),
where the highest percentage of germination
and plantlets growth was recorded in those
of MS medium. Similar to the case of
embryo germination of Juglans regia, the
MS medium demonstrated outstanding
proliferation from the embryonic axis
compared to the other media (Sanchez-
Zamora et al., 2006). According to these
data, it can be generally inferred that MS
basal medium is more suitable than B5 for
micropropagation of M. pudica.
Regarding the MS basal medium
strength, the results confirmed that high
MS strength was unnecessary to improve
overall seed germination. This observation
might be attributed to the increased quantity
of a certain nutritional salt, which inhibits
the plant’s ability to absorb other mineral
nutrients. The 72 MS resulted in the highest
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germination percentage, whereas full
MS resulted in a 24% lower germination
rate. The finding is inconsistent with
those observed on Vanilla planifolia by
Jing (2016), in which seed germination
performed better in a full-strength MS.
Nevertheless, fewer shoots were recorded
in the same media at 2.22 shoots per explant
and a reduced shoot length at 3.09 cm.
This result indicated that a low macro- and
micronutrient concentration in the culture
media might promote germination but
not plantlet development. No significant
difference was detected between the different
strengths of MS in response to the number
of new shoots of each plantlet and the shoot
length, which exhibited a similar trend to a
study on Vigna subterranea by Koné et al.
(2015). Thus, the % strength or 3.3 g/L of
MS is sufficient for germinating M. pudica
seeds.

Plantlets grown in culture vessels are
called semi-autotrophic plants since their
leaves may not acquire photosynthetic
competency due to a lack of carbon dioxide
(Hazarika, 2003). Therefore, a carbohydrate
source like sucrose is commonly added to
provide a sufficient supply of carbon for
in vitro multiplication and growth of plant
cells, tissues, organs, and entire plantlets.
Carbon sources are also required as osmotic
agents in the culture medium, which can
alter cell physiology, proliferation, and
differentiation (Gibson, 2000). Different
carbohydrate sources can affect the
development of plantlets in different ways.
Improper type and concentration selection
could cause morphogenesis to be delayed

and physiological diseases like vitrification
to develop. Sucrose has been widely used as
a carbon source in most studies involving in
vitro shoot induction and development, root
induction, callogenesis, embryogenesis, and
regeneration (Yaseen et al., 2012). Sucrose
is a significant carbon and energy source
in plant tissue culture since it is the most
frequent carbohydrate in phloem sap and
regulates many development stages (Zahara
et al., 2016). The high solubility in water,
electrical neutrality, and lack of inhibitory
effect on most metabolic processes are all
linked to sucrose’s favorable effects on
explant growth in vitro (Liu et al., 2000).
In this study, sucrose concentration was
found significant to the percentage of
germinated seeds of M. pudica, although
it did not significantly affect the plantlets’
development in terms of the number of
new shoots and length. The highest seed
germination percentage was observed
from the 2 MS + 15 g/L of sucrose, while
higher sucrose concentrations up to 45
g/L resulted in a lower germination rate.
At high sucrose levels, seed germination
and plantlet development were stunted,
implying that the seeds were either subjected
to osmotic stress at greater molarities or
that sucrose hydrolysis products produced
during autoclaving hampered their growth
and development (Johnson et al., 2011).
Koné¢ et al. (2015) reported that the plant
height and biomass of Bambara groundnuts
were increased when the sucrose content
was increased from 1 to 3%. However, there
was no significant variation in the number of
leaves and root length among the different
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sucrose concentrations examined. Studies on
Ruscus hypoglossum and Cornus alba also
found similar results (Ilczuk & Jacygrad,
2016). A high sucrose concentration
also hindered orchid plantlets’ growth,
particularly the shoot and root numbers
(Wotavova-Novotna et al., 2007). In
Drosera intermedia, maximum shoot
length and shoot number were reported
on liquid medium containing 10 and 20
g/L sucrose, respectively (Rejthar et al.,
2014). On the contrary, Abelmoschus
esculentus did not thrive in a medium
containing 10 and 15 g/L sucrose, where
the explants displayed shoot tip necrosis
and could not produce leaves. This finding
indicated that lowering sucrose content
influenced cellular division directly owing
to a lack of carbon supply and energy,
resulting in poor shoot regeneration
and growth (Woldeyes et al., 2021).
The contrasting difference is due to the
variation in genotype, growth regulators,
and culture conditions. In the case of M.
pudica seeds, 3% sucrose concentration in
the basal medium, equivalent to 30 g/L, is
sufficient for normal plant growth.

Shoot Multiplication of M. pudica in
Response to Different Plant Growth
Hormone and Organic Additives at
Different Concentrations

Nodal segments of M. pudica obtained from
germinated seeds cultured in germination
media were inoculated in media of MS
basal medium supplemented with different
concentrations of exogenous cytokinin
hormones (i.e., BAP and KIN) and organic

additive CW. The results revealed that plant
growth hormone or additive types and the
interaction with the concentration had
statistically significant differences (p<0.05)
to shoot multiplication, determined by
shoot number and shoot length. However,
the difference in plant growth hormone
or additive concentration alone was
significant only to shoot number but not to
the shoot length. Based on Table 4, media
supplemented with 35.2 uM KIN exhibited
the highest shoot number formed (4.87),
which was two-fold higher as compared
to MSO (control). MSO is Murashige and
Skoog only with no plant growth regulator
added. All concentrations of CW treatments
and 17.6 pM and 35.2 uM BAP treatments
recorded the lowest shoot number of below
2. Treatments with 2.2 uM BAP, 35.2 uM
BAP and 35.2 uM KIN produced more
than four shoots per explant. While all CW
treatments yielded the longest shoot length
of over 3 cm, they produced a relatively
small number of shoots. The shortest shoot
0f 0.32 cm was exhibited by 35.2 uM BAP.

Leaves production and basal callus
formation were visually assessed and scored
as — (absent), + (low), ++ (moderate), and
+++ (high). MSO (control) and 17.6 uM
BAP produced moderate leaves (++). A low
concentration of BAP resulted in shoots
with leaves, but leaves were not produced
at a concentration of 17.6 uM and above.
As for KIN, at 17.6 uM, leaves produced
were twice as produced in BAP and coconut
water, but at other concentrations, leaves
were minimal (+) or absent (-). CW, at
all concentrations, consistently produced
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Table 4
Effects of types of plant growth regulators (PGR), additive, and their concentrations on shoot multiplication
of M. pudica
Plant growth . Number of Shoot length Initiated
regulator Concentration shoots (cm) Leaves callus
(Cl\o/[nst?ol) - 2.33 £ 1.4%bede 2 89 &+ 2 (nbe ++ -
2.2 4.07 £ 0.96*° 3.06 £ 0.4%be + ++
4.4 2.87 £ 1.6%4 2.17 £ 1.2b¢ + ++
BAP (uM) 8.8 3.8 +£2.3% 3.2 £ 1.43b¢ + -
17.6 1.67 +1.0%¢ 2.07+0.9° - -
352 0.07 £0.3¢ 032+1.2¢ - -
2.2 4.0+ 1.12° 3.18 £ 0.92b¢ + +
4.4 3.53 & 1.33b¢ 3.09 + 1.0%b¢ - ++
KIN (uM) 8.8 3.93+£2.1% 2.79 £ 1.0%be + -
17.6 3.6 £2.3%0¢ 3.27 £1.0%b¢ ++ +
35.2 487 +1.2¢° 3.65 £0.9%0 - +
10% 1.27 £0.7%¢ 3.43 £ 1.1%be + -
20% 1.27 £1.0%¢ 3.8+1.8° + -
CW (%) 30% 1.73 £ 0.8%¢ 398+ 1.5 + -
40% 1.93 £0.7%¢ 3.1+ 1.6%0¢ + -
50% 1.67 £ 0.6%¢ 42+0.8 + -

Note. Data were collected and expressed as the mean + standard error after 30 days of culture. The data were
tested for statistical differences by two-way ANOVA followed by the Tukey post hoc test. The criterion for
significance was set at p<0.05. Means that do not share a letter are significantly different. Leaves and basal
callus rating: — (absent), + (low), ++ (moderate), and +++ (high)

MSO = Murashige and Skoog without plant growth regulator

BAP = 6-benzylaminopurine
KIN = kinetin
CW = coconut water

shoots with a small number of leaves. Basal
callus formation was observed in plantlets
treated with 2.2 - 4.4 uM BAP (Figure 3C)
and all concentrations of KIN except for
one at 8.8 uM while MSO (control) and CW
exhibited zero basal callus. The basal callus
is a common issue in most plants during
shoot induction; however, the severity varies
by species. It was most likely caused by a
disruption in endogenous hormones in the
tissue, as a common physiological stress

reaction. In several cases, callus is formed
due to the accumulation of endogenous
auxin at the wounded parts of the plants
(Fehér, 2019). Above all, MS basal medium
fortified with 17.6 uM KIN (Figure 3A)
was selected as the best media for shoot
multiplication of M. pudica due to the
satisfactory shoot number and shoot length,
a moderate amount of leaves with low basal
callus formation.
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Figure 3. Shoot multiplication of Mimosa pudica. A) Shoot multiplication in media fortified with 17.6 uM
KIN; B) Shoot multiplication in media fortified with 35.2 uM KIN; C) Shoot multiplication in media fortified
with 4.4 uM BAP, the arrow pointing to formed basal callus

Note. Bar = 1.0 cm
KIN = kinetin
BAP = 6-benzylaminopurine

Consistent with the previous observation by
Bianchetti et al. (2017), the highest number
of shoots recorded in 5 uM BAP was 5
shoots/explant, which was just marginally
higher than those in the current study (4.87
shoots/explant in 35.2 uM KIN). It was also
reported that increasing BAP concentration
hindered shoot number and elongation,
with plantlets reaching an average height
of 2.5 cm, which was lower than the shoot
length achieved in this study, which was
over 3 cm. On the contrary, they found
that supplementing M. pudica shoots with
KIN did not significantly increase their
proliferation with no significant differences
compared to the control. In addition,
supplementing with 1-naphthaleneacetic
acid (NAA) and BAP did not affect shoot
elongation, demonstrating a negative
relationship between multiplication rate and
shoot length.

The cytokinin signaling system involves
coordinating three types of proteins: histidine
kinase receptors for signal perception,
histidine phosphotransfer proteins for the
signal relay, and response regulators for
signal output (Keshishian & Rashotte,
2015). When the signal is relayed to the
nucleus, it will be conveyed to two types
of gene expression regulators that govern
the plant’s developmental stages. The
signal receptor perceives different types
of cytokinin differently, which explains
the differences in plant response even
though it comes from the same group of
PGR (Schepetilnikov & Ryabova, 2017).
Plant growth hormone supplementation
in cultures causes the transcription of
specific genes that modulate each stage of
plant growth. When the groups of genes
responsible for a particular plant growth
process are identified, the media culture can
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be better optimized, promoting the defined
hormones with their effective concentration
to influence gene expression throughout
the development process (Jiang & Asami,
2018).

Cytokinin is commonly used in the
induction and proliferation stages of explants.
Aside from PGR, organic additives like CW,
apple juice, tomato juice, and peptone may
help plant tissues grow and develop (Gupta,
2016; Kaur & Bhutani, 2016; Prando et al.,
2014). CW contains sugars, amino acids,
vitamins, enzymes, and organic acids, as
well as endogenous cytokinin that promotes
explant development and regeneration by
stimulating cell division (Ge et al., 2005).
When plant portions are excised into smaller
sizes, the production of cytokinin in plants is
restricted owing to the damage (Gallavotti,
2013). Therefore, in the present study,
cytokinin was added to the basal media to
stimulate shoot induction, cell division, and
cell differentiation. In the case of M. pudica
plantlets, this study revealed that KIN was
the most suitable cytokinin option for its
shoot multiplication and proliferation.

On the contrary, previous research
on Justicia gendarussa found that
supplementing BAP in MS basal medium
resulted in the highest percentage of shoot
induction, the number of shoots, and shoot
length compared to KIN and thidiazuron
(TDZ) (Janarthanam et al., 2011). The
same finding was observed in Clinacanthus
nutans, in which 12 uM BAP was more
effective than the other cytokinins in the
early stages of shoot induction (Haida et
al., 2020). Moreover, comparable research

on Clitoria ternatea and Pisum sativum,
which belong to the same family as M.
pudica, reported that the proportion of
shoot regeneration and the number of shoots
increased when BAP was incorporated into
the culture media (Das et al., 2014; Mukhtar
et al., 2010).

According to this study, CW
supplementation in M. pudica culture
media did not have a significant effect on
the number of shoots, but it did have a
significant effect on shoot length. It accords
with a previous report (Buah & Agu-Asare,
2014), which revealed that CW treatment
only exhibited 25 shoots on the Cavendish
banana plant compared to 37 shoots by
BAP. Nevertheless, the banana plantlet’s
height was 3 cm longer in CW treatment
compared to BAP. Conversely, other species
like Pomacentrus amboinensis thrived
in a medium fortified with CW in terms
of root elongation, leaf size, and plantlet
elongation (Utami & Hariyanto, 2019).
The same trend was observed in plantlets
of Renanthera imschootiana, in which
10% (v/v) of CW supplementation in %2 MS
enhanced the growth of the protocorms (Wu
et al., 2014). The same pattern was seen in
in vitro cultivated olive embryos, where
CW supplementation enhanced the number
of leaves but did not affect shoot length or
other features (de Souza et al., 2013). The
discrepancies in plantlet responses could
be related to the CW treatment’s reaction
being relatively species-specific (Villa et
al., 2010).

Leaves are the most critical organ to
develop to initiate rooting. A classical study
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of in vitro rooting on avocado cuttings
revealed that the number of leaves preserved
on the cuttings was linked with the number
of root plantlets. The role of leaves in
ensuring the continuation of photosynthesis
has resulted in a build-up of carbohydrates
at the cuttings’ base (Reuveni & Raviv,
1980). In Plectranthus scutellarioides,
longer roots were produced at stem cuttings
with apical leaves, as compared to leafless
stem cuttings. The correlation between the
presence of leaves and rooting performance
was due to the leaves providing reserves,
hormones, and co-factors that stems alone
lack sufficient quantity (Belniaki et al.,
2018). The same behavior was observed in
bitter melon cuttings, where leaf-on cuttings
had a major effect on roots, with rooting
remaining extremely modest even when the
incubation time was increased to 10 days.
While bitter melon failed to root on leafless
cuttings even with auxin hormone treatment,
sweet potato cuttings can root easily without
leaves (Malik et al., 2012). A moderate 17.6
uM KIN supplementation was deemed the

Table 5

most suitable shoot multiplication media
for M. pudica. After that, it was used for the
next in vitro rooting study.

Rooting Initiation of M. pudica in
Response to Different MS Strength and
Auxin Hormone, 2,4-D Concentrations

The effect of MS basal medium strength
and supplementation of exogenous auxin
hormone 2,4-D on in vitro rooting of M.
pudica was evaluated. Based on Table 5,
only two treatments, 2 and full MS were
shown to respond with rooting, both of
which were devoid of 2,4-D addition.
Other treatments supplemented with 2,4-D
resulted in no rooting response, and gall
formation was observed at the basal part
(Figure 4B). The emergence of roots in
plantlets in /2 MS media was recorded after
5.93 days; for full MS, they took 7.27 days
to root. In addition, the number of roots
produced in 2 MS was higher (5.13) as
compared to full MS (1.47). However, both
treatments exhibited the same root length
of 2.06 cm.

Effects of Murashige and Skoog (MS) strength and 2,4-dichlorophenoxyacetic acid (2,4-D) concentration on

in vitro rooting of M. pudica

MS 2,4-D  Days toroot Number of roots Length of Morphology of root
strength  (uM) root (cm)

23 - 5.93 £3.28* 5.13+£2.61* 2.06 £1.412 Thin, long

¥z 5.33 - 0 0 Gall formed

Z) 10.66 - 0 0 Gall formed
Full - 7.27 +£2.87° 1.47 +0.83° 2.06 +1.41° Thick, rotten
Full 5.33 - 0 0 Gall formed
Full 10.66 - 0 0 Gall formed

Note. Data were expressed as the mean + standard error of fifteen replicates. The data were tested for statistical
differences by two-way ANOVA followed by the Tukey post hoc test. The criterion for significance was set at
1<0.05. Means that do not share a letter are significantly different
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The roots of M. pudica in Y2 MS
treatment appeared healthy, thin, and long
(Figure 4A), while in full MS, the single
root that emerged were thick, and some
were observed rotten (Figure 4 C). It
may be inferred that adding 2,4-D did not
help the rooting initiation of M. pudica;
hence PGR incorporation was unnecessary.
Additionally, 2 MS is sufficient for rooting
since full MS resulted in low rooting
efficacy, with only 1-2 thick and rotting
roots emerging, compared to a higher
number of healthy roots in 2 MS.

These results reflect those of Bianchetti
et al. (2017), who found that no significant
difference was observed between control
and NAA-fortified treatments of M. pudica,
indicating that this PGR did not promote
rooting regardless of the concentration.
Since there has been little research on 2,4-D
as a source of auxin in M. pudica rooting, it
was examined in this study.

Even when auxins are present in culture
media, excessive salt concentrations in basal
medium might hamper root development.
Therefore, it is necessary to reduce macro-
and micronutrient concentrations to half
their normal levels during the rooting
phase of most plant species (Woldeyes
et al., 2021). Similar observations were
recorded in Ruscus hypoglossum (Dahab
et al., 2005), Drosera intermedia (Rejthar
et al., 2014), and Abelmoschus esculentus
(Rizwan et al., 2018) in which !4 strength
MS media produced the highest root number
and length. However, at a much lower
concentration of MS (% MS strength),
the least weak root development and
proliferation were recorded in Abelmoschus
esculentus (0.70 root number and 0.54 cm
root length).

Figure 4. Root initiation of Mimosa pudica. A) Plantlet in rooting media fortified with /2 MS void of 2,4-D;
B) Plantlet in rooting media fortified with > MS + 1.0 mg/L 2,4-D, an arrow pointing to rotten gall formed;
C) Plantlet in rooting media fortified with full MS void of 2,4-D

Note. Bar = 1.0 cm
MS = Murashige and Skoog
2,4-D = 2,4-dichlorophenoxyacetic acid
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When 2,4-D is administered at effective
concentrations to dicotyledonous plants,
it will be absorbed by the roots, stems,
and leaves and translocated to the plant’s
meristems (Munro et al., 1992). As a result,
the roots thicken and become stunted, stem
phloem and xylem tissue disintegrate, and
leaf development ceases, followed by stem
curling, leaf withering, and eventually plant
death (Grossmann, 2009; Song, 2013).
The molecular mode of action of auxin is
administered by the auxin receptor residing
at the plasma membrane, which involves
an amino acid permease-like protein that
mediates auxin inflow (Swarup et al.,
2008), efflux carriers that mediate auxin
outflow and ATP-binding cassette, which
serve as auxin transporters (Petrasek et al.,
2006). The structure or size of their auxin
binding pockets on the receptor, which is
regulated by its aromatic ring size, may
explain the difference in the effectiveness of
various auxin types on the plants (Calderon-
Villalobos et al., 2010).

According to observations in vine
rootstock cuttings, 2,4-D did not stimulate
the formation of adventitious roots or
sprouting. However, it did reduce mortality,
attributed to the stimulation of ethylene
biosynthesis, which promoted senescence in
various tissues (Tofanelli et al., 2014). The
rooting of Lippia species cuttings treated
for 24 hr with IBA, NAA, or 2,4-D showed
that 2,4-D did not promote the formation
of adventitious roots and that 100% of the
treated cuttings died (Pimenta et al., 2007),
which recorded similar response to this
study. Despite this, 2,4-D is a key synthetic
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plant regulator, acting similarly to auxins in
promoting lateral roots and preventing root
stretching (Simon & Petrasek, 2011). On
the one hand, 2,4-D might produce harmful
metabolic and biochemical alterations in
nucleic acids, cell wall flexibility, and the
function of the RNA-polymerase enzyme
causing excessive cell proliferation in
tissues, in stem epinasty and phloem
disruption (Tofanelli et al., 2014). It can be
deduced that M. pudica can root without
supplementing exogenous auxins such as
IBA, NAA, and 2,4-D.

CONCLUSION

This study outlined a procedure for seed
germination, shoot multiplication, and
root initiation of in vitro micropropagation
of the undervalued medicinal plant, M.
pudica. The best basal medium for seed
germination and culture initiation was %
MS supplemented with 30 g/L of sucrose.
MS fortified with 35.2 uM of kinetin was
the most satisfactory treatment for shoot
multiplication. Roots of in vitro M. pudica
were effectively initiated in Y4 strength
of MS devoid of any plant hormone. The
impact of other main media components
not explored in this study could improve
the culture medium. Further research is
warranted to gauge the adaptability of the in
vitro plantlets to the environment. Overall,
in vitro culture is a sustainable alternative
to harvesting wild plants for their medicinal
properties and an appealing approach that
may provide sufficient preliminary materials
for the large-scale cultivation of medicinal
plants.
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