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Abstract
Centratherum punctatum Cass. is an important medicinal herb used for various purposes. The present
study describes an e�cient protocol for the micropropagation of C. punctatum through transverse Thin
Cell Layers (tTCLs). The effect of plant growth regulators (PGRs), thickness of tTCLs and source of
tTCLs, were evaluated. The tTCLs of varying thickness (0.5-5.0 mm) were excised from 10-day-old leaf,
45-day-old node and internode and cultured on MS medium supplemented with various concentrations of
PGRs (BAP, TDZ, KN; 0.1-2.0 mg/l) alone or in combination with NAA (0.1-1.0 mg/l) for shoot induction.
For callus induction 2, 4-D (0.5-2.0 mg/l) was employed. The leaf and node tTCLs showed direct shoot
regeneration and internodal tTCLs resulted in calli which successfully regenerated to shoots on
subculture. A signi�cant effect of thickness/width on shoot induction was observed. For leaf, 1.0 mm
width and for node and internode 2.0 mm thick tTCLs showed maximum response. MS medium
supplemented with 1.5 mg/l TDZ, 0.5 mg/l TDZ and 1.0 mg/l BAP in combination with 0.2 mg/l NAA
were found optimum for shoot induction from tTCLs of leaf (96% response with 41.5 shoots per explant),
internode (64% response with 22.9 shoots per explant) and node (87% response with 11.9 shoots per
explant) respectively. Rhizogenesis was obtained when micropropagated shoots were transferred to half
strength MS medium supplemented with various concentrations (0.25-2.0 mg/l) of IBA. The rooted
plantlets were eventually acclimatized and transferred to soil. The procedure described here is a
promising tool for micropropagation of C. punctatum as it produces high frequency healthy shoots from
minimum explant source.

Key Message
A rapid and e�cient micropropagation protocol has been standardized in C. punctatum through
transverse thin cell layer (tTCL) explants from leaf, node and internode.

Introduction
Plants have been a valuable source of medicine from ancient times attributing to the presence of various
therapeutic agents in them. The world health organization has estimated that around 60% of the world
population depends on the herbal medicine for their health care needs, as they are easy to access, readily
available and cost effective (World Health Organisation 2000; Mahesh and Satish 2008). The percentage
of population depending on traditional medicine increased to around 80% in developing countries (World
Health Organisation 2000). More than 50% of modern medicines existing in clinical use are derived from
plants (David 2001).

Centratherum punctatum Cass. is an important medicinal plant of the family Asteraceae and is
commonly known as Brazilian button �ower (Madhumita et al. 2020). It is a perennial bushy herb, up to
60 to 80 cm tall with well branched stem. The leaves are aromatic and �owers are in terminal heads,
purple in colour (Chitra and Brindha 2014). It is native to Latin America and has very high occurrence in
Brazil. C. punctatum has very wide distribution and is found in Australia, Galappagos, Florida, Mexico,
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Central America, Asia and Africa (Alves and Loeuille 2021; Flann 2009). C. punctatum is used against
cancer, snake bite, urethritis, ulcer, in�ammation, sore throat and is also used as a wound healer and pain
killer (Whistler 2000). The plant is reported to have anti-microbial, anti-oxidant, anti-tumour, anti-
plasmodial, HIV reverse transcriptase and wound healing properties (Pawar and Arumugam 2011; Chitra
and Brindha 2015; Chiappeta et al.1983; Sivasubramanian and Brindha 2013; Sivasubramanian and
Brindha 2014). Recently, many important compounds have been identi�ed from the essential oil obtained
from different plant parts of C. punctatum (Ogunwande et al. 2015; Satyal et al. 2018). The essential
phytochemicals present in this plant include centratherin, isocentratherin and sesquiterpene lactones
(Ohno et al. 1979; Bevelle 1981). Centratherin is reported to possess antimicrobial, anti-in�ammatory,
trypanocidal and genotoxic activities (Junior et al. 2015; Burim et al. 2001). Cytotoxic property of
isocentratherin was reported by Bevelle (1981). Floral protease activity which attributes to the wound
healing property of C. punctatum has been studied by Chitra et al. (2016).

In view of the medicinal importance of C. punctatum there is a need for developing suitable
micropropagation protocol for this plant. In vitro micropropagation is considered as an alternate method
for the e�cient and rapid propagation of plants (Rout et al. 2006; Loberant and Altman 2010). Through
micropropagation identical plants can be produced in abundance within limited space and time and thus,
this technique is widely employed in the medicinal plant research (Lemma et al. 2020). Micropropagation
aids in the continuous production of useful plant secondary metabolites, irrespective of seasonal
variations (Sethy and Kullu 2022; Yeshi et al. 2022).

The thin cell layer (TCL) system involves excising tiny explants either longitudinally (lTCL) or transversely
(tTCL) from different plant organs or tissues like stem, leaf, in�orescence, cotyledon, hypocotyle, epicotyl,
internode, shoot tip, petiole and node. The TCL technology was originated about forty-eight years ago
with organogenesis from tobacco pedicel (Tran Thanh Van 1973). Since then, this technique has been
successfully applied in the micropropagation of various taxa including vegetable crops, legumes,
ornaments and medicinal plants (Abdolinejad et al. 2020; Hieu et al. 2018; Nhut et al. 2003a; 2003b;
Teixeira da Silva and Nhut 2003; Sudhakaran et al. 2006; Taylor and Van Staden 2006; Leguillon et al.
2003; Ghnaya et al. 2008; Swarna and Ravindharan 2013). The technique of TCL culture has the
advantage over traditional tissue culture methods in terms of overall plantlet production, minimal use of
explant tissue and sensitivity and responsiveness to the substances added to the culture medium due to
the close contact with the growth medium and faster diffusion of nutrients and PGRs as the explant size
is smaller (Lakshmanan et al. 1995; Teixeira da Silva and Tanaka 2011). Therefore, the objective of our
study was to develop an e�cient and reliable protocol for micropropagation of C. punctatum by using
tTCL explants and the successful establishment of micropropagated plants in �eld conditions. To the
best of our knowledge this is the �rst report of in vitro propagation of C. punctatum via tTCL culture.

Materials And Methods
Establishment of primary culture
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Healthy C. punctatum plants were collected from Periye, Kasaragod district, Kerala, India. The plant
material was identi�ed by Dr. A.K. Pradeep, Assistant Professor, Department of Botany, University of
Calicut, Kerala, India. The voucher specimens (CU 7087) was deposited in the Calicut University
Herbarium (CALI). The nodal segments were excised, surface sterilised and cultured on MS (Murashige
and Skoog 1962) medium supplemented with 1.0 mg/l 6- benzyl aminopurine (BAP). All the explants for
the present study were obtained from these in vitro maintained shoots.

Thin cell layer culture of leaves

Ten-day-old leaves were excised from in vitro grown shoots maintained in MS medium supplemented
with 1.0 mg/l BAP and segmented transversely into tTCL of varying width (0.5-5.0 mm) to evaluate the
effect of explant size on regeneration. All excisions were carried out with the help of a sterilized forceps
and scalpel. The tTCLs were transferred to MS medium supplemented with different concentrations of
BAP, TDZ, KN (0.1-2.0 mg/l) alone or in combination with NAA (0.1-1.0 mg/l). The excised tTCLs of leaves
were placed on media in such a way that the abaxial surface is in contact with the medium.

Thin cell layer culture of nodes and internodes

The nodal segments were excised from in vitro grown shoots and were transversely sliced into segments
of 0.5-5.0 mm thickness. Utmost care was taken to avoid internodal region while excising the nodal
tTCLs. Similarly, internodal segments were sliced into tTCLs of varying thickness (0.5-5.0 mm). Nodal
tTCLs were inoculated on MS medium supplemented with various concentrations of BAP, TDZ, KN (0.1-
2.0 mg/l) alone or in combination with NAA (0.1-1.0 mg/l). Internodal tTCLs failed to produce any direct
shoots on above media and therefore, they were transferred to 2, 4-D (0.5-2.0 mg/l) for callus induction.
The explants were placed on media with the basal surface in touch with the media.

Rooting and acclimatization

Shoots below 0.5 cm length were cultured on MS medium supplemented with 1.0 mg/l BAP for
elongation. For rooting, tTCL derived shoots having a length of 1.5-2.0 cm were individually excised and
cultured on half strength MS medium supplemented with different concentrations of indole-3-butyric acid
(IBA; 0.25-2.0 mg/l). The rooted shoots were acclimatized in paper cups (10.0 cm × 7.6 cm, length ×
diameter) containing sterile sand and soil (1:1) and were covered with perforated polythene bags. The
plants were supplied with half strength MS liquid medium for 7 d, thereafter watered every alternate day.
After 2 months, the fully acclimatized plants were transferred to garden pots and subsequently to the
�eld.

Culture conditions and Data analysis

The media were solidi�ed with agar (0.8% w/v) and the pH was adjusted to 5.8 by 0.1 N sodium
hydroxide (NaOH) and sterilized by autoclaving at 120° C and 0.1 kPa pressure for 20 min. Cultures were
incubated under a photoperiod of 16 h with light intensity of 36 µmolm− 2s− 1 provided by white
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�uorescent lamps, with 22 ± 2° C and 65% relative humidity. For each experiment three replicates each
with 25 explants was conducted and the data was recorded. The values were analysed by one-way
analysis of variance (ANOVA) test and difference among means were compared using Duncan’s Multiple
Range Test (DMRT; Duncan 1955) at 5% level of signi�cance using SPSS software version 24.

Results And Discussion
The tTCL explants from leaf, node and internode were evaluated for induction of shoots or callus on MS
medium containing various concentrations of BAP, TDZ, KN (0.1-2.0 mg/l), 2, 4-D (0.5-2.0 mg/l) alone or
in combination with NAA (0.1-1.0 mg/l). The leaf and node tTCLs responded by direct shoot regeneration
and internodal tTCLs gave rise to calli which successfully regenerated to shoots after subculture.

Effect of tTCL thickness

To test the in�uence of explant thickness/width on plant regeneration or callus induction, the tTCLs were
excised at varying thickness/width (0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 mm). The results showed that width (in
case of leaf tTCLs) or thickness (in case of nodal and internodal tTCLs) have signi�cant effect on direct
regeneration, callus induction and shoot organogenesis from callus. In leaf, tTCL of width 1.0 mm
exhibited the highest direct shoot induction (96%) on MS medium supplemented with 1.5 mg/L TDZ.
Most of the 0.5 mm tTCLs turned necrotic with very low percentage of response (13%). Nodal tTCLs of
2.0 mm thickness gave optimum direct shoot induction (87%) on MS medium supplemented with1.0
mg/l BAP in combination with 0.2 mg/l NAA. Both above and below to this thickness the response
showed a corresponding decrease (Fig. 1). Hence, for further experiments with leaf tTCLs a width of 1.0
mm and for nodal tTCLs 2.0 mm thickness was employed.

Callus induction from internodal tTCLs was optimum (93%) when 3.0 mm thick tTCLs were cultured on
MS medium supplemented with 1.5 mg/l 2, 4-D. Although maximum callus induction was observed at the
above-mentioned thickness, tTCLs of all the other thickness also showed good callus induction (Fig. 2).
However, maximum shoot regeneration was obtained from calli derived from 2.0 mm thick tTCL (64%
response with 22.9 shoots per explant; Fig. 1) on MS medium supplemented with 0.5 mg/l TDZ. From our
observations, it is clear that size of the tTCLs play a crucial role in direct and indirect organogenesis in C.
punctatum. In Sorghum bicolor size of the TCLs play an important role and the highest response was
observed when 3.0 mm thick TCLs were used (Gendy et al. 1996). In Lilium longi�orum TCLs, of the
various thickness (1.0–5.0 mm) used 3.0 and 4.0 mm showed 100% shoot induction (Nhut et al. 2001a).
In Allium ampeloprasum, 5.0 mm thick TCLs exhibited maximum response of 40 shoots per explant
(Silvertand et al. 1992).

Effect of PGRs

Direct shoot regeneration from TCLs of leaves
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In vitro leaves were transversely segmented into 1.0 mm wide TCLs and cultured (Fig. 3A, B). In all
concentrations and combinations of PGRs (BAP, KN, TDZ, NAA) the leaf tTCLs responded except for
basal MS medium where the explants showed browning and necrosis after 5–7 d of culture (Table 1).
The responding explants remained healthy and green, showed signs of direct shoot regeneration after 5 d
of culture. Tiny shoot buds emerged from the surface of responding explants after 7 d (Fig. 3C). The
number of shoots increased gradually after 14 d (Fig. 3D). Several elongated shoots were visible after 30
d (Fig. 3E). The results showed that the concentration of PGRs in culture media signi�cantly affect the
percentage response and shoot number per leaf tTCL explants. Among the different concentration of BAP
tested 1.5 mg/l BAP gave maximum response (42% regeneration with 6.6 shoots per explant). When
various concentration of KN was added to the media, 1.0 mg/l resulted in optimum percentage response
(28% with 3.1 shoots per explant) but the shoot number was higher in 1.5 mg/l KN (5.3 shoots per explant
with 18% response). The highest response was observed on MS medium supplemented with 1.5 mg/l
TDZ where 96% cultures responded with a mean number of 41.5 shoots per explant after 45 d of culture
(Fig. 3F). Both above and below this concentration shoot induction rate and number decreased (Table 1).
The addition of NAA in combination with TDZ did not improve the shoot regeneration rate. The leaf tTCLs
when subjected to various concentrations of 2, 4-D either resulted in necrosis or non- regenerative
compact callus.
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Table 1
Effect of MS medium supplemented with different concentrations of PGRs on shoot induction from tTCL

explants of leaves 45 d after culture.
PGRs (mg/l) Percent response* Mean no. of shoots* Mean shoot length (cm)*

BAP KN TDZ NAA

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1 - - - 8.0 ± 1.2i 1.2 ± 0.07d 5.6 ± 0.6b

0.2 - - - 11 ± 1.8hi 1.1 ± 0.05d 6.2 ± 0.4a

0.5 - - - 19 ± 1.9h 2.5 ± 0.08d 6.0 ± 0.5a

1.0 - - - 31 ± 3.4f 3.8 ± 0.11d 6.2 ± 0.4a

1.5 - - - 42 ± 3.9e 6.6 ± 0.5d 5.4 ± 0.6b

2.0 - - - 27 ± 2.4g 2.3 ± 0.1d 5.7 ± 0.4b

- 0.1 - - 6.0 ± 1.1i 1.2 ± 0.06d 5.2 ± 0.5b

- 0.2 - - 9.0 ± 1.3hi 1.8 ± 0.08d 5.5 ± 0.6b

- 0.5 - - 15 ± 1.9h 2.4 ± 0.07d 5.8 ± 0.5b

- 1.0 - - 28 ± 2.7g 3.1 ± 0.14d 6.1 ± 0.4a

- 1.5 - - 18 ± 2.1h 5.3 ± 0.2d 6.3 ± 0.6a

- 2.0 - - 12 ± 1.6hi 1.9 ± 0.06d 6.0 ± 0.5a

- - 0.1 - 17 ± 1.9h 1.4 ± 0.04d 6.1 ± 0.6a

- - 0.2 - 38 ± 4.1f 3.2 ± 0.13d 5.9 ± 0.5b

- - 0.5 - 57 ± 4.9d 9.5 ± 0.7d 5.8 ± 0.4b

- - 1.0 - 71 ± 5.2b 16.7 ± 1.3c 5.7 ± 0.4b

- - 1.5 - 96 ± 6.1a 41.5 ± 2.1a 5.6 ± 0.5b

- - 2.0 - 67 ± 4.6c 22.3 ± 1.8b 5.3 ± 0.6b

1.5 - - 0.1 45 ± 3.2e 6.4 ± 0.3d 5.3 ± 0.5b

1.5 - - 0.2 36 ± 2.8f 5.8 ± 0.3d 5.1 ± 0.5b

1.5 - - 0.5 31 ± 2.7f 3.1 ± 0.1d 4.8 ± 0.4c

1.5 - - 1.0 19 ± 2.1h 1.2 ± 0.08d 4.9 ± 0.5c

- 1.0 - 0.1 17 ± 1.9h 3.8 ± 0.2d 4.7 ± 0.6c

* Values represent mean ± SE. Means followed by same letter are not signi�cantly different (p ≤ 0.05)
according to Duncan’s multiple range test
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PGRs (mg/l) Percent response* Mean no. of shoots* Mean shoot length (cm)*

BAP KN TDZ NAA

- 1.0 - 0.2 13 ± 1.7hi 2.4 ± 0.1d 4.3 ± 0.4c

- 1.0 - 0.5 10 ± 1.5hi 1.2 ± 0.1d 4.5 ± 0.5c

- 1.0 - 1.0 9.0 ± 0.9hi 1.1 ± 0.2d 4.2 ± 0.6c

- - 1.5 0.1 76 ± 5.8b 12.3 ± 1.2c 5.1 ± 0.6b

- - 1.5 0.2 59 ± 4.9d 26.7 ± 1.9b 5.2 ± 0.6b

- - 1.5 0.5 24 ± 3.1g 17.1 ± 1.4c 5.1 ± 0.4b

- - 1.5 1.0 12 ± 1.6hi 8.3 ± 0.6d 5.3 ± 0.4b

* Values represent mean ± SE. Means followed by same letter are not signi�cantly different (p ≤ 0.05)
according to Duncan’s multiple range test

Leaf is an excellent material for tTCL culture as evidenced by various reports. In Scutellaria ocmulgee
tTCLs culture, the optimum shoot regeneration was obtained from leaf derived tTCLs as compared to
shoot derived tTCLs (Vaidya et al. 2016). In our study, leaf tTCL culture responded by direct shoot
regeneration. Similarly, in Passi�ora edulis, direct shoot regeneration from leaf tTCLs has been
successfully achieved by Hieu et al. (2018). Direct organogenesis from leaf lamina and petiole derived
TCL was obtained in commercially important Saintpaulia ionantha (Ohki 1994). Shoot induction was
achieved from leaf and petiole TCL segments of Tanacetum cinenariifolium by Hedayat et al. (2009). In
Bacopa monnieri leaf TCLs were cultured on MS medium supplemented with 2.27 mg/l BAP produced
shoots (Croom et al. 2016). Baskaran et al. (2018) reported that Uperoleia altissima leaf lTCLs when
cultured on MS medium supplemented with 0.45 mg/l BAP and 2.4 mg/l metatopolin followed by
transfer to a fresh medium resulted in 100% response with 17.4 shoots per explant whereas explants in
PGR free medium did not form any shoots. There are reports on superiority of leaf TCLs over TCLs
derived from other explants. According to Welander (1988) leaf segments are superior in shoot
regeneration than stem segments in apple TCL culture. Similarly, Dobránszki and Teixeira da Silva (2011)
reported low shoot regeneration capacity of shoot/stem TCL as compared to leaf TCL in Royal Gala
cultivar of apple.

In agreement with our �ndings, there are several reports of shoot regeneration from leaf tTCLs in
presence of TDZ. According to the study conducted by Tubić et al. (2016), tTCLs derived from the base of
leaf sheaths cultured on MS medium supplemented with 2.4 mg/l TDZ resulted in 100% shoot induction
with 20.0 shoots per explant. However, shoot formation was signi�cantly lower in KN, BAP and
metatopolin. Nhut et al. (2005) achieved high frequency shoot regeneration in Begonia tuberous TCLs on
half strength MS medium supplemented with 0.2 mg/l TDZ alone. Similarly, Lillium longi�orum TCLs
gave shoots and protocorm-like bodies in TDZ containing medium (Nhut et al. 2001b).
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Direct shoot regeneration from nodal tTCLs

The nodal tTCLs of 2.0 mm thickness were excised from in vitro derived nodes (Fig. 4A) and cultured on
MS medium with or without PGRs showed shoot regeneration. In node derived tTCLs BAP was more
favorable for direct shoot induction than TDZ and KN. TDZ at 1.5 mg/l resulted in 48% response with an
average number of 1.2 shoots per explant. The optimum concentration of KN for shoot regeneration from
nodal tTCL explant was 1.0 mg/l (35% response with 1.9 shoots per explant). Among the various
concentrations of BAP tested, the optimum response was observed on 1.0 mg/l. Here, 65% explants
responded with an average number of 6.8 shoots per explant (Table 2). This concentration of BAP was
selected for further experiments with NAA (0.1-1.0 mg/l). Highest frequency of shoot regeneration (87%)
and number of shoots (18.9 shoots per explant) was obtained on MS medium supplemented with 1.0
mg/l BAP in combination with 0.2 mg/l NAA (Table 2). On MS medium supplemented with various
concentrations of 2, 4-D nodal tTCLs either turned necrotic or resulted in poor callus induction. These calli
on subculture did not show any sign of regeneration (data not shown). In responding cultures, the nodal
tTCLs showed emergence of tiny shoot bud 7 d after culture (Fig. 4B). The shoot bud enlarged in size
after 14 d and the explants exhibited a hollow region at the center (Fig. 4C) and more shoots were
produced within 20 d of culture (Fig. 4D). Within 30 d of culture the mean shoot number reached 7.8 per
explant (Fig. 4E) and after 45 d it has increased to 18.9 (Fig. 4F). This result indicates the superiority of
synergetic action of cytokinin - auxin combination in shoot induction from nodal tTCL explants. Our
results are in agreement with several other reports on positive effect of cytokinin - auxin interaction.
Successful shoot regeneration has been established by using BAP-NAA combination in Dendrobium
candidum nodal tTCLs (Zhao et al. 2007). Similar results of synergetic action of BAP-NAA induced
enhanced shoot regeneration have been reported by Swarna and Ravindran (2013) in nodal tTCLs of
Talinum triangulare. In Justicia gendarussa a combination of BAP and NAA induced enhanced shoot
regeneration (Thomas and Yoichiro 2010). Synergistic action of BAP-NAA combination induced shoot
regeneration has been reported in other systems such as Sesamum indicum (Chattopadhyaya et al.
2010), Brassica napus (Ghnaya et al. 2008) and Cajanus cajan (Franklin et al. 2000). Successful shoot
regeneration from tTCLs of nodal region was reported in Eclipta alba cultured on MS medium
supplemented with BAP in combination with NAA (Singh et al. 2012).
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Table 2
Effect of PGRs on direct shoot regeneration from tTCL explants taken from nodal region 45 d after

culture.
PGRs (mg/l) Percent response* Mean no. of shoots* Mean shoot length (cm)*

TDZ KN BAP NAA

0.0 0.0 0.0 0.0 29 ± 1.9ef 1.1 ± 0.3g 5.7 ± 0.5b

- - 0.1 - 31 ± 1.7ef 1.1 ± 0.4g 5.6 ± 0.5b

- - 0.2 - 36 ± 1.8e 2.2 ± 0.2f 5.8 ± 0.4b

- - 0.5 - 47 ± 1.6d 4.3 ± 0.5e 6.2 ± 0.6a

- - 1.0 - 65 ± 3.1b 6.8 ± 0.7d 6.1 ± 0.6a

- - 1.5 - 52 ± 2.7c 5.5 ± 0.4e 5.8 ± 0.4b

- - 2.0 - 35 ± 1.4e 2.6 ± 0.3f 5.6 ± 0.4b

0.1 - - - 14 ± 0.7g 1.2 ± 0.2g 6.1 ± 0.5a

0.2 - - - 27 ± 0.9f 2.1 ± 0.1f 5.9 ± 0.4b

0.5 - - - 32 ± 1.1ef 2.5 ± 0.3f 6.2 ± 0.6a

1.0 - - - 44 ± 2.1d 1.7 ± 0.1g 6.1 ± 0.7a

1.5 - - - 48 ± 1.8d 1.2 ± 0.4g 6.2 ± 0.6a

2.0 - - - 37 ± 1.3e 1.3 ± 0.2g 5.9 ± 0.5b

- 0.1 - - 9 ± 0.02g 1.3 ± 0.1g 5.6 ± 0.6b

- 0.2 - - 15 ± 0.8g 1.8 ± 0.4g 5.8 ± 0.6b

- 0.5 - - 23 ± 0.9f 2.2 ± 0.3f 6.1 ± 0.4a

- 1.0 - - 35 ± 1.1e 1.9 ± 0.4g 5.9 ± 0.5b

- 1.5 - - 31 ± 1.7e 1.6 ± 0.4g 5.4 ± 0.5b

- 2.0 - - 19 ± 0.7g 1.4 ± 0.2g 5.1 ± 0.6b

- - 1.0 0.1 69 ± 2.4b 11.3 ± 0.6a 5.8 ± 0.7b

- - 1.0 0.2 87 ± 3.5a 18.9 ± 0.7a 5.9 ± 0.5b

- - 1.0 0.5 71 ± 2.1b 8.1 ± 0.2b 5.8 ± 0.6b

- - 1.0 1.0 52 ± 3.4c 4.8 ± 0.3c 5.4 ± 0.4b

- 1.0 - 0.1 22 ± 1.9f 1.2 ± 0.1g 5.1 ± 0.7b

* Values represent mean ± SE. Means followed by same letter are not signi�cantly different (p ≤ 0.05)
according to Duncan’s multiple range test
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PGRs (mg/l) Percent response* Mean no. of shoots* Mean shoot length (cm)*

TDZ KN BAP NAA

- 1.0 - 0.2 18 ± 1.8g 1.1 ± 0.2g 4.6 ± 0.3c

- 1.0 - 0.5 16 ± 1.5g 1.1 ± 0.1g 4.3 ± 0.5c

- 1.0 - 1.0 9.0 ± 1.9g 1.0 ± 0.3g 4.2 ± 0.4c

1.5 - - 0.1 43 ± 2.9d 1.1 ± 0.2g 4.9 ± 0.5c

1.5 - - 0.2 37 ± 0.9e 0.9 ± 0.1g 5.1 ± 0.4b

1.5 - - 0.5 27 ± 1.2f 1.1 ± 0.1g 5.6 ± 0.4b

1.5 - - 1.0 14 ± 0.7g 1.2 ± 0.2g 5.3 ± 0.6b

* Values represent mean ± SE. Means followed by same letter are not signi�cantly different (p ≤ 0.05)
according to Duncan’s multiple range test

Indirect shoot regeneration from internodal tTCLs

Internodal region collected from 45-d-old in vitro plants were excised into tTCLs (Fig. 5A) and cultured on
MS medium supplemented with different concentrations (0.1-2.0 mg/l) of BAP, TDZ and KN. No sign of
direct shoot regeneration was observed in all treatments and the explants turned brown and necrotic or
developed nonregenerative whitish powdery calli (data not shown). Hence, the internode derived tTCLs
were cultured on MS medium forti�ed with various concentrations (0.5-2.0 mg/l) of 2, 4-D. Calli started
originating from the cut portions of the explants 7 d after culture (Fig. 5B) and later spread to the entire
surface of the explant. On all concentrations of 2, 4-D used, luxuriantly growing greenish friable calli were
induced. Of the various concentrations of 2, 4-D tried, 1.5 mg/l was optimum. On this medium, 75% of
internode derived tTCLs produced calli with a mean fresh weight of 358 mg/tube (Table 3). However,
media without PGRs did not result in callus induction. For callus induction from various explants 2, 4-D is
routinely employed in several systems like Zinnia elegans (Samantaray and Singh 2021) and Solanum
tuberosum (Shirin et al. 2007). During callogenesis, 2, 4-D can revert differentiated cells of the explant to
dedifferentiated state and cause them to divide (George et al. 2008). Ashton and Crafts (1981) reported
that 2, 4-D causes cell enlargement by rising the activity of enzymes responsible for cell wall loosening
and cell wall material synthesis.
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Table 3
Effect of 2, 4-D on callus induction from tTCLs of internode after 45 d of culture.

2, 4-D (mg/l) Percent response* Fresh weight (mg/tube)* Dry weight (mg/tube)*

0.0 0.0 0.0 0.0

0.5 39 ± 1.67c 229 ± 6.2b 18 ± 3.2c

1.0 56 ± 3.22b 319 ± 8.2a 32 ± 8.2b

1.5 75 ± 4.61a 358 ± 6.3a 37 ± 7.5b

2.0 48 ± 2.89c 144 ± 4.2c 11 ± 5.3c

* Values represent mean ± SE. Means followed by same letter are not signi�cantly different (p ≤ 0.05)
according to Duncan’s multiple range test

The friable organogenic calli were subcultured on MS medium supplemented with various concentrations
of BAP, KN and TDZ (0.1-2.0 mg/l) alone or in combination with NAA (0.1-1.0 mg/l) for shoot induction.
On MS basal medium there was no shoot organogenesis. MS medium supplemented with BAP alone or
in combination with NAA did not yield any shoot induction (data not shown). However, on all other media
combinations shoot organogenesis from calli was observed. The percentage of shoot induction and
mean number of shoots varied with the type and concentration of PGRs used. In KN alone or in
combination with NAA the response was poor. Here, KN alone was better than with NAA combination.
Optimum shoot induction response was obtained on 1.0 mg/l KN where 19% cultures responded with an
average number of 4.6 shoots per explant (Table 4). The highest response was obtained on MS medium
supplemented with 0.5 mg/l TDZ. On this medium, 64% cultured calli responded with an average number
of 22.9 shoots per explant (Table 4). However, TDZ in combination with NAA was not promising. The
initial sign of shoots originated from green friable calli as small outgrowths. Later, these outgrowths
transformed in to shoot buds (Fig. 5C- E). Large number of elongated shoots were visible from calli after
45 d of culture (Fig. 5F). TDZ is a potential cytokinin extensively used for shoot induction from various
explants (Huetteman and Preece 1993). TDZ stimulated callus organogenesis has been reported in
several systems such as Jatropha curcas (Kumar et al. 2010), Tylophora indica (Thomas and Philip
2005), Caryopteris terni�ora (Wu et al. 2021) and Plumbago zeylanica (Sharma and Agarwal 2018). In
this study we obtained callus induction and shoot organogenesis from internodal derived tTCLs of C.
punctatum. A similar study in Talinum triangulare where callus induction and shoot regeneration has
been achieved from internodal tTCLs by Swarna and Ravindran (2013). Shoot organogenesis from
internode tTCLs derived calli of Tanacetum cinenariifolium was obtained on MS medium supplemented
with various concentrations of BAP and IBA (Mao et al. 2013). Chattopadhyaya et al. (2010) reported
successful shoot regeneration from internode tTCLs of Sesamum indicum on MS medium supplemented
with 2.0 mg/l BAP and 0.5 mg/l NAA.



Page 13/29

Table 4
Effect of different PGRs on shoot induction from in vitro tTCL derived callus from internodes 45 d after

culture.
PGRs
(mg/l)

Percent
response*

Mean no. of shoots* Mean shoot length (cm)*  

TDZ KN NAA      

0.0 0.0 0.0 0.0 0.0 0.0

0.1 - - 8.0 ± 0.1f 6.1 ± 1.2c 6.2 ± 0.5a

0.2 - - 31 ± 1.2d 12.4 ± 2.4b 5.9 ± 0.6b

0.5 - - 64 ± 4.5a 22.9 ± 4.3a 6.1 ± 0.6a

1.0 - - 46 ± 3.9c 14.3 ± 2.5b 6.3 ± 0.6a

1.5 - - 58 ± 4.3b 11.2 ± 1.2b 6.2 ± 0.4a

2.0 - - 37 ± 2.9d 9.3 ± 1.3b 6.1 ± 0.5a

- 0.1 - 8.0 ± 0.2f 1.2 ± 0.8d 5.3 ± 0.b

- 0.2 - 11 ± 0.3ef 1.5 ± 1.1d 5.8 ± 0.5b

- 0.5 - 13 ± 0.2ef 2.3 ± 1.3d 5.9 ± 0.4b

- 1.0 - 19 ± 0.9e 4.6 ± 2.3c 5.7 ± 0.5b

- 1.5 - 12 ± 0.5ef 3.8 ± 2.4d 6.3 ± 0.6a

- 2.0 - 10 ± 0.3ef 2.9 ± 1.4d 5.6 ± 0.7b

0.5 - 0.1 46 ± 1.8c 18.3 ± 1.5b 5.9 ± 0.4b

0.5 - 0.2 42 ± 2.3c 9.9 ± 0.6b 6.1 ± 0.5a

0.5 - 0.5 38 ± 2.1d 4.1 ± 0.7c 5.9 ± 0.6b

0.5 - 1.0 14 ± 1.8ef 2.8 ± 0.4d 5.4 ± 0.5b

- 1.0 0.1 17 ± 1.1e 3.1 ± 0.5d 5.8 ± 0.4b

- 1.0 0.2 14 ± 0.8e 2.4 ± 0.6d 5.6 ± 0.5b

- 1.0 0.5 12 ± 0.6de 1.9 ± 0.5d 5.4 ± 0.6b

- 1.0 1.0 11 ± 0.9de 1.3 ± 0.4d 5.2 ± 0.3b

* Values represent mean ± SE. Means followed by same letter are not signi�cantly different (p ≤ 0.05)
according to Duncan’s multiple range test

Rooting and acclimatization
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Shoots derived from all the different tTCLs were used for root induction. Shoots below 0.5 cm length were
excised and cultured on elongation medium i.e., MS medium supplemented with 1.0 mg/l BAP (Fig. 6A).
Shoots having a size of 1.5- 2.0 cm were excised and cultured on ½ MS medium supplemented with
various concentrations of IBA (0.25-2.0 mg/l) for rooting. There was no signi�cant difference in rooting of
shoots derived from different tTCLs. The highest frequency of rooting was observed on ½ MS medium
supplemented with 0.5 mg/l IBA. Here, 95% shoots rooted with a mean number of 15.6 roots per shoot
(Table 5; Fig. 6B). Induction of rooting by IBA has been well documented in other systems such as
Withania somnifera (Vdawale et al. 2004), Gymnostachyum febrifugum (Silpa and Thomas 2021),
Nicotiana tabacum (Shoyeb et al. 2020) and Hemidesmus indicus (Sreekumar et al. 2000). Well
developed in vitro derived rooted plants were transferred to paper cups containing sand and soil (1:1) and
acclimatized (Fig. 6C).

Table 5
Effect of different concentrations of IBA on root induction from tTCL derived in vitro grown shoots.

Medium: ½ MS, culture period 45 d.
Concentration of IBA (mg/l) Percent response* Mean no. of roots* Mean root length (cm)*

0.0 9.0 ± 1.2d 2.5 ± 0.3c 3.2 ± 0.2c

0.25 45.1 ± 2.9b 8.2 ± 0.9b 2.5 ± 0.6d

0.5 95.0 ± 4.5a 15.6 ± 2.0a 7.2 ± 0.9a

1.0 60.5 ± 3.6b 9.2 ± 2.3b 6.3 ± 1.2b

1.5 23.0 ± 2.1c 3.6 ± 1.1c 2.1 ± 1.0d

2.0 20.6 ± 1.9c 3.1 ± 1.4c 1.5 ± 0.7e

* Values represent mean ± SE. Means followed by same letter are not signi�cantly different (p ≤ 0.05)
according to Duncan’s multiple range test

Conclusions
In conclusion tTCLs are an excellent explant for micropropagation of C. punctatm. Leaf and nodal
explants are ideal for direct shoot induction whereas internodal explants responded by indirect
organogenesis. The shoot regeneration depends on source of tTCLs, their thickness/width as well as on
type of PGRs in media. For C. punctatm leaf derived tTCL was observed to be superior than node and
internode derived tTCLs. The favourable thickness/ width of tTCL varied according to explant source. For
leaf 1.0 mm wide and node 2.0 mm thick tTCLs resulted in highest shoot regeneration. For internodal
tTCLs, maximum callus induction was achieved in 3.0 mm thickness, but highest shoot regeneration was
obtained from 2.0 mm tTCL derived callus. The micropropagation technique using tTCLs is
advantageous in terms of minimum usage of explant tissue as well as e�cient shoot regeneration. This
protocol can be effectively implemented for the mass propagation of C. punctatm.
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Abbreviations
TCL                 Thin cell layer

tTCL               Transverse thin cell layer

lTCL                Longitudinal thin cell layer

PGR                Plant growth regulator

BAP                6- benzyl aminopurine

TDZ                Thidiazuron

KN                  Kinetin

NAA               ∞- Naphthaleneacetic acid

2, 4-D              2, 4-Diclorophenoxyacetic acid

IBA                 Indole 3- butyric acid

MS                  Murashige and Skoog
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Figure 1



Page 22/29

Effect of tTCL thickness/width on percentage shoot regeneration and mean shoot number. MS medium
supplemented with 1.5 mg/l TDZ, 0.5 mg/l TDZ and 1.0 mg/l BAP in combination with 0.2 mg/l NAA
were used for tTCLs of leaf, internode and node respectively.

Figure 2

Effect of internodal tTCL thickness on percentage callus induction, fresh and dry weight of callus per tube
after 45 d of culture on MS medium supplemented with 1.5 mg/l 2, 4-D.
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Figure 3

Direct shoot induction from leaf tTCLs of C. punctatum on MS medium supplemented with 1.5 mg/l TDZ.

A.   A 10-d-old leaf taken for thin cell layer culture. The line of excision shown as dotted lines.

B.    Leaf tTCLs just before transfer to media. Each tTCL has a width of 1.0 mm.
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C.    Shoot initiation from cultured tTCL 7 d after culture on MS medium supplemented with 1.5 mg/l
TDZ.

D.   Same as in C after 14 d. More shoots developed from the explant.

E.    Formation of elongated shoots 30 d after culture from the explant.

F.     The emergence of larger number of shoots from cultured tTCL 45 d after culture.
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Figure 4

Various stages of direct shoot induction from nodal tTCLs on MS medium supplemented with 1.0 mg/l
BAP in combination with 0.2 mg/l NAA.

A.   Excision of tTCLs from nodal region of C. punctatum (Dotted lines). Inset shows tTCLs after excision
from nodal region before inoculation.

B.    Shoot initiation from nodal tTCL7 d after culture.

C.    Same as in B 14 d after culture. A single shoot developed further. Note the formation of a hollow
region at the centre of tTCL (arrow).

D.   Multiple shoots initiation from cultured tTCL after 20 d.

E.    Cultured nodal tTCLs producing more healthy shoots after 30 d.

F.     Large number of elongated fully developed shoots from tTCL after 45 d of culture.
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Figure 5

Callus induction and shoot organogenesis from internodal tTCLs of C. punctatum.

A.   Explant excision from internodal region (dotted lines). Inset shows an excised tTCL from internodal
region.
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B.    Callus initiation from cultured internodal tTCL after 7 d of culture on MS medium supplemented with
1.5 mg/l 2, 4-D. Note the formation of a hollow region at the centre of the callus (arrow).

C.    Emergence of several minute shoot buds from cultured calli on MS medium supplemented with 0.5
mg/l TDZ 15 d after culture.

D.   Proliferation of shoots from calli 20 d after culture.

E.    Same as in D 30 d after culture. The shoots developed further.

F.     Luxuriantly growing callus derived shoots on MS medium supplemented with 0.5 mg/l TDZ 45 d
after culture. 
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Figure 6

Rooting and acclimatization of shoots.

A.   A well-developed elongated shoot on ½ MS medium supplemented with 1.0 mg/l BAP 30 d after
culture.
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B.    Rooted shoot 45 d after culture in half strength MS medium supplemented with 0.5 mg/l IBA.

C.    Successfully acclimatized tTCL derived 2-month-old C. punctatum plants.


