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Abstract
Tylophora indica (Burm.f.) Merrill. is a pharmacologically important plant, popular for alkaloidal and non-alkaloidal rich-
ness. Large scale propagation of T. indica is difficult in the wild as the seeds are small and the frequency of germination 
is very poor. In the present study, the genome size estimation of in vitro regenerated (indirect, direct and somatic embryo 
mediated) T. indica was made by flow cytometric method. Clonal fidelity of the regenerants was assessed using a start 
codon targeted (SCoT) molecular marker. Initially, the explants were inoculated on Murashige and Skoog basal medium 
supplemented with various concentrations of plant growth regulators like 2,4-dichlorophenoxy acetic acid (2,4-D), Kinetin, 
6-benzyl amino purine (BAP) and 1-naphthalene acetic acid either singly or in combinations. The highest callus induction 
frequency (87.75%) was obtained in 6.7 µM 2,4-D added MS medium which metamorphosed into progressive stages (globu-
lar, heart, torpedo, and cotyledonary) of embryos. Mature and healthy somatic embryos efficiently germinated into plantlets 
on 8.8 µM BAP + 1.4 µM  GA3 enriched MS medium. Histological and scanning electron microscopic study confirmed the 
above developing stages. The regenerated shoots were rooted best in 2.45 µM Indole-3-butyric acid supplemented solid 
MS medium. The plants were hardened and acclimatized with 90% survivability. The flow cytometric 2C DNA content of 
indirect, direct and somatic embryo derived plants was 1.896 pg, 1.940 pg and 1.926 pg respectively, very similar to the 
mother plant (1.928 pg). SCoT marker generated a high percentage of monomorphic bands (94%) revealing similarity with 
the mother plant, thus ensuring genetic fidelity. To the best of our knowledge, this is perhaps the first ever report of 2C DNA 
content estimation and SCoT marker based genetic homogeneity study in T. indica.

Key message 
An efficient regeneration method has been developed in T. indica. Histology and SEM indicated somatic embryogenesis 
based morphogenesis. 2C genome size and SCoT marker revealed genetic homogeneity of the regenerated population.

Keywords 2C DNA · In vitro proliferation · Somatic embryogenesis · Organogenesis · Micropropagation · Histology · SEM

Abbreviations
BAP  6-Benzylamino purine
2, 4-D  2, 4-Dichlorophenoxy acetic acid
IAA  Indole-3-acetic acid
IBA  Indole-3-butyric acid
KN  Kinetin

NAA  α-Naphthalene acetic acid
PGRs  Plant growth regulators
SEM  Scanning electron microscopy
SCoT  Start codon targeted
FCM  Flow cytometry
RAPD  Random amplified polymorphic DNA

Introduction

About 75% of the developing nations depend on con-
ventional medications of which 25% of those are herbal 
plant products (Beyene et al. 2016; Sah 2017). India has 
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a variety of natural resources, but excessive uses threaten 
the sources in the wild (Kirtikar and Basu 1994; Abuba-
kar et al. 2018). Tylophora indica (Burm.f.) Merrill. is an 
important medicinal plant belonging to the family Asclepia-
daceae. This perennial climber has a chromosome comple-
ment of 2n = 22 with 2m.st + 12M + 6sm + 2m (Samaddar 
et al. 2012). There are about 90 species spread across Asian, 
African and Australian regions. It is endangered with a wide 
spectrum of therapeutic, medicinal properties (Faisal et al. 
2007; Anwar et al. 2015). The plant synthesizes a range of 
alkaloids like tylophorinidine, tylophorine and tylophorin-
ine, and kaempeferol, quercetin, phytosterols and tannin as 
non alkaloidal compounds demonstrating anti-asthmatic, 
anti-bacterial, anti-tumor, anti-oxidant and anti-rheumatic 
properties (Nazar et al. 2020). Kaempeferol and Quercetin 
are the two most important flavonoids with their potential 
action against novel COVID-19 as revealed by the Tradi-
tional Chinese Medicine Systems Pharmacology (TCMSP) 
database (Pan et al. 2020).

T. indica has extensively been exploited recently, the lack 
of cultivation practices, small seed size and poor germina-
tion rate complicate the condition and push the plant to the 
'endangered' category (Nazar et al. 2020). Traditionally the 
plants are propagated by seeds and stem cuttings (Anwar 
et al. 2015); tissue culture has also been used as an alter-
native propagation method (Soni et al. 2015; Anjum et al. 
2014; Chaudhari et al. 2016). Direct and indirect (via cal-
lus) are the two most efficient methods used for plant regen-
eration. Direct organogenesis is practiced more frequently 
because indirect organogenesis shows genetic changes (Gan-
tait and Kundu 2017; Samarina et al. 2019). Various molecu-
lar analyses have been used in detecting variation in several 
investigated plants but the information is insufficient in T. 
indica (Gantait and Kundu 2017). Flow cytometry (FCM) 
is a technique used to assess changes in the DNA ploidy 
of micropropated plants. It is fast, precise and examines a 
large number of cells/nuclei including the genome in less 
time (Rewers et al. 2012). Recently, the technique is used in 
quantifying the content of 2C DNA in different plants (Syeed 
et al. 2021; Ejaz et al. 2021). Besides, other DNA molecular 
markers have extensively been used for checking the genetic 
stability of in vitro regenerated plantlets of which RAPD, 
ISSR, AFLP and SSR have become a marker of choice (Bose 
et al. 2016). Recently, genetic fidelity of plants has also been 
conducted by using a start codon targeted (SCoT) marker. It 
is an advanced, reliable, efficient, unique and gene-targeted 
DNA marker and is designed according to a short conserved 
region flanking the start codon (ATG) in plant genes (Col-
lard and Mackill 2009) exhibiting high reproducibility, 
unlike other molecular markers where the primer length 
and annealing temperature is not the sole parameter (Gorji 
et al. 2011).

The objective of the present study is to establish a repro-
ducible regeneration (direct, indirect and somatic embryo 
mediated) protocol for propagating Tylophora plants. Flow 
cytometry and SCoT molecular marker were used in the pre-
sent study for assessing 2C DNA content and in analyzing 
the genetic homogeneity / fidelity of regenerated plants.

Materials and methods

Culture establishment

Immature, young, healthy leaves and nodes were collected 
from five years old Tylophora indica (Burm. f.) Merrill. 
from the herbal garden of Jamia Hamdard, New Delhi, and 
were used as experimental materials. The excised plant 
parts (explants) were first washed in running tap water, fol-
lowed by a soaking in 5% liquid detergent cetrimide (v/v) 
for 10 min; washed thoroughly under running tap water for 
about 15 min. These explants were surface sterilized with 
0.1%  HgCl2 (w/v) for 3–4 min, followed by 70% ethanol for 
20 s and later flushed with double distilled water 4 to 5 times. 
Disinfected and surface cleaned explants were cultured 
on MS (Murashige and Skoog 1962) medium. The above 
medium was added with 3% (w/v) sucrose and 0.8% (w/v) 
agar for solidification; different concentrations of PGRs were 
added as per in vitro morphogenesis requirement. The pH 
of the medium was adjusted to 5.7 with the help of HCl 
or NaOH before autoclaving at 15 lb  inch−2 at 121 °C for 
15 min. All the cultures were kept in a culture room main-
taining a temperature of 25 ± 2 °C, the relative humidity of 
65–70% with 12 h photoperiodic duration equipped with 
cool-white fluorescent lamps (100 µmol  m−2  s−1 Photon 
flux density, PFD). Subculturing was made at an interval 
of 3–4 weeks.

Induction of callus and shoot regeneration

Young leaves and nodal sections were inoculated in 250 ml 
flask; the callus induction medium was supplemented 
with different concentrations and combinations of 2, 4-D 
(2.25, 4.5, 6.7, 9.0 µM), NAA (2.7, 5.4, 8.0 µM) and BAP 
(2.2, 4.4 µM). The explants started inducing callus within 
7–10 days of inoculation, which grew well in mass with 
every successive culturing. Callus induction frequency and 
callus weight were recorded after 3 weeks of culture. Pro-
fusely green callus obtained from explants was transferred 
in MS, fortified with various concentrations of BAP and 
NAA for shoot organogenesis. Mature healthy leaf gave rise 
to direct shoots when cultured on the same media i.e. BAP 
and NAA, as used for callus induction. Three to four repli-
cates (one explants/culture tube) were used and each of the 
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experiment was repeated thrice. The proliferated shoots were 
subcultured every 3–4 weeks.

Somatic embryo initiation and proliferation

The friable callus produced in 2, 4-D added medium trans-
formed into white granular embryogenic callus within 
3–4 weeks of culture on which different developmental 
stages of embryos i.e. globular, heart, torpedo- and cotyle-
donary were induced on 2, 4-D (2.25, 4.5, 6.7 µM), Kinetin 
(4.65, 9.30, 13.9 µM) and BAP (4.4, 8.8, 13.2 µM) amended 
media. The number of embryos increased with time; peri-
odic and regular subculturing at an interval of 4 weeks was 
made for more embryo proliferation. Eighteen to twenty test 
tubes were used per treatment and each of the experiment 
was replicated thrice.

Embryo maturation, germination and plantlet formation

The somatic embryos (8–10 per 250 ml flask) were placed in 
germination media which contained different concentrations 
of  GA3 (0.7, 1.4, 2.8 µM) either alone or in combinations with 
BAP (2.2, 4.4, 8.8, 11.0 µM). The mature somatic embryos 
were germinated and developed into plantlets with a distinct 
shoot and root poles/ends. The embryo germination frequency 
was calculated after 3–4 weeks of incubation by observing the 
mean numbers of plants regenerated in each flask.

Histology and scanning electron microscopy (SEM)

The samples of embryogenic callus were fixed with FAA, 
which is a mixture of formalin, glacial acetic acid and 70% 
ethanol (5:5:90). The tissue was dehydrated in an ethanol 
series and embedded in paraffin according to the annota-
tion provided by Johansen (1940). Using rotatory microtome 
(Spencer, USA) equipped with a steel knife, fine sections 
of about 8 µm were made and placed on a glass slide, de-
waxed, followed by staining with 5% hematoxylin and 2% 
eosin dye, and mounted in Canada balsam. Prepared slides 
were photographed after observing under a light microscope 
(Nikon Optiphot, Japan).

To know the origin, development and surface morphology 
of somatic embryos, the SEM was performed. The develop-
ing embryos and callus tissues were fixed in 2.0% glutar-
aldehyde and 2.0% formaldehyde and maintained in pH of 
6.8 in 0.1 M of phosphate buffer for 24 h at 4 °C. The tissue 
was again washed in buffer and later fixed for 2 h in a similar 
supported 1.0% osmium tetroxide, dried out in an ethanol 

arrangement and ultimately covered with gold palladium. 
The tests were performed and captured in an LEO-435VP by 
Zeiss, Oberkochen, Germany using an electron magnifying 
lens (operational under 20–25 kV).

Rooting of plantlets

The micro shoots generated through somatic embryos were 
small and did not have prominent root ends always, therefore 
excised microshoots were transferred to the root-inducing 
medium. Half MS augmented with various auxins were used 
in both solid and liquid media for root commencement. Dif-
ferent concentrations of NAA (1.35, 2.70, 5.4 µM), IAA (1.42, 
2.84, 5.71 µM) and IBA (1.22, 2.45, 4.9 µM) were tried inde-
pendently and in combinations. An equal ratio of soilrite and 
soil was used as planting substance for acclimatization and 
higher endurance of recovered plantlets preceding field move. 
During this period, these regenerated plants were covered with 
a polythene bag to maintain relative humidity. Three to four 
replicates were used per treatment and each of the experiment 
was performed thrice.

Flow cytometry

T. indica plants grew normally in the field and the tissue cul-
ture-derived (directly induced, callus mediated and somatic 
embryo developed) plants were used for the estimation of 
2C DNA. To check the genetic homogeneity, different  in 
vitro regenerated Tylophora plantlets were selected along with 
field-grown plants (as control). The optimization of sample 
processing was made by utilizing the method of Dolezel and 
Bartos (2005). Five leaf samples from each group (somatic 
embryogenic, direct organogenesis, indirect organogenesis 
pathway) were randomly selected along with the mother plant 
for 2C DNA analysis. Young, immature leaf fragment of 1.0 
 cm2 size was taken from the field and in vitro grown T. indica 
plants, along with a reference standard Pongamia pinnata with 
known 2C DNA content of 2.51 pg (Choudhury et al. 2014) 
were procured on the day of the experiment; finely chopped 
in 1.0 ml ice-cold Galbraith’s buffer (45 mM  MgCl2, 20 mM 
MOPS, 30 mM Sodium citrate and 0.1% Triton-X) using a 
sharp razor blade. After passing the homogenate through a 
42 µm nylon mesh, 50 µg  ml−1 PiRNase (Sigma-Aldrich, 
USA) was added to the filtrate, provided by a 20–30 min incu-
bation time and finally examined by a CFM BD FACS Calibur 
(BD Biosciences, San Jose, CA, USA) flow cytometer.

2C DNA content of T. indica was estimated by using the 
following formula:

2C DNA of T . indica = 2.51 pg
Mean of G0∕G1 peak of T . indica

Mean of G0∕G1 peak of Pongamia pinnata
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1 pg DNA: 1 pg = 978 Mbp or 0.978 × 109 bp (Dolezel 
2003).

DNA extraction and SCoT‑PCR analysis

Fresh and young leaves weighing 0.12 g of T. indica were 
used for total genomic DNA isolation, six randomly selected 
samples from each group of acclimated plantlets along with 
the mother plant sample. The extraction of DNA was done 
using a modified CTAB (Cetyltrimethyl ammonium bro-
mide) based procedure (Doyle and Doyle 1990). Qualitative 
and quantitative evaluation of total genomic DNA was per-
formed by processing the DNA samples to electrophoresis 
in 0.8% agarose gel (Sambrook et al. 1989). DNA samples 
exhibiting good quality were used for SCoT-PCR reactions.

SCoT‑PCR amplifications

SCoT-PCRs were carried out in 15 μl reaction volume, con-
sisting of 100 ng of genomic DNA template, 1 U/μlTaq DNA 
polymerase (Biootools), 1.5 mM  MgCl2 and 10 μM of each 
dNTPs, 0.2 μM of SCoT primer (18 nucleotides long) and 
sterile deionized water. All the SCoT-PCR reactions were 
performed using Thermal Cycler (Gene Amp PCR 9700) 
as follows: an initial denaturation step at 94 °C for 5 min, 
followed by 35 cycles of 94 °C for 30 s, annealing for 30 s 
at 50 °C, extension at 72 °C for 1 min, followed by final 
extension step at 72 °C was held for 5 min. After the prelimi-
nary screening of 15 primers, six produced stable banding 
patterns and were selected for genetic stability assessment 
(Table 3). PCR amplification with the selected SCoT prim-
ers was repeated twice. The amplified bands were resolved 
on 1.5% (w/v) agarose electrophoresis made in 1.0 × TBE 
buffer and stained with ethidium bromide. 1 Kb DNA ladder 
(Gene DireX, Inc.) was used to ascertain the size of ampli-
fied DNA fragments. The image of bands was visualized 
under UV light and photographed using a gel documenta-
tion system (Azure Biosystem). The genetic similarity (GS) 
values between pairs of samples were estimated according 
to the Jaccard's similarity indices. The similarity matrix was 
used to construct a phenetic dendrogram using the UPGMA 
(Unweighted Pair Group Method of Arithmetic Averages, 
Sneath and Sokal1973) in order to cluster the samples in 
related groups based on their similarities. The analysis for 
the UPGMA cluster was performed using NTSYS-pc soft-
ware (version 2.02, Rohlf 2005).

Statistical analysis

All investigations under the current study were set up in 
a completely randomized design. The experiments were 
conducted in triplicates unless specified so. Data were ana-
lyzed by analysis of variance using SPSS software SPSS v. 
16 (SPSS Inc., Chicago, USA). The means were separated 
using (DMRT) Duncan’s multiple range testing method and 
significance were determined at p ≤ 0.05. Deviation to the 
mean was calculated as Standard Error (SE).

Results

Callus induction and shoot regeneration/
organogenesis

The healthy, greenish and friable callus was induced within 
3 weeks of culture from leaf and node explants on MS, forti-
fied with different concentrations of 2, 4-D, BAP and NAA. 
The callus induction frequency and the callus weight from 
different explants in response to various PGRs were exam-
ined and the responses are presented in Supp. Fig. 1a, b. Out 
of diverse treatments, the highest callus induction frequency 
(87.75%) was observed in leaf on 6.7 µM 2, 4-D added 
medium, and for nodal explant, the maximum callus induc-
tion frequency was 70.91% (Supp. Table 1). The lowest cal-
lus induction frequency was noted in 6.7 µM 2, 4-D + 4.4 µM 
BAP augmented medium from the leaf (24.11%) and node 
(14.38%). The same concentration of PGR elicited a good 
increment of callus mass as observed during callus induc-
tion time. Hence, the combination of auxin and cytokinin 
was noted to be less responsive in producing vigorous cal-
lus compared to auxin alone, which triggered a fairly good 
amount of callus in T. indica. The leaves were observed to be 
more responsive as compared to the nodal explant as it pro-
duced intense callus which started to appear within a couple 
of weeks of culture (Supp. Fig. 1c, d). The callus quality was 
noted good, appeared initially as friable, later became com-
pact and yellowish-green, grew vigorously on subculturing 
in MS, supplemented with same levels of PGRs. Profusely 
obtained leaf-callus was cultured in MS enriched with vari-
ous levels of BAP and NAA for shoot formation and sub-
cultured successively.

Somatic embryo initiation and proliferation

Leaf and nodal parts on MS medium responded differently 
i.e. the mature leaf responded to direct embryogenesis 
(Fig. 1a) and shoot formation (Fig. 1b) but not the nodal 
explants, when cultured with different BAP added con-
centrations. Within 10–12 days of culture, the small bud 
was formed and flourished well in BAP optimized medium 
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(data are not shown), and on regular subculturing it devel-
oped into a shoot. Beside direct formation of shoots, bipolar 
‘embryo-like’ structures were observed directly from the leaf 
without any callus formation on 9.3 µM Kinetin and 4.5 µM 

2,4-D amended MS medium with a moderate frequency of 
40.27% embryogenesis. Leaf induced callus showed somatic 
embryogenesis (65.50%) with variable numbers of embryos, 
maximum i.e. 6.3 being in 9.3 µM Kinetin added medium, 

Fig. 1  a Direct organogenesis from mature leaf (Arrow head). b 
Direct embryogenesis from mature leaf in MS medium supplemented 
with 9.3 µM Kinetin + 4.5 µM 2,4-D. c Mature embryos at different 
stages of somatic embryogenesis. d Germinated embryos obtained 

in 8.8 µM BAP + 1.4 µM  GA3 added MS medium e fully germinated 
embryos. f Successful shoot induction after 6 weeks of culture (Bars: 
a, b, c, e, f, 0.5 cm; d, 1 cm)

Table 1  Direct and indirect 
somatic embryogenesis 
from leaf explants in 
different concentrations and 
combinations of PGRs in MS 
media of T. indica 

The data was scored after 3 weeks of inoculation. Values are means ± standard error (n = 18).Means within 
columns followed by the different letters are significantly different at p ≤ 0.05 using Duncan’s multiple 
range test (DMRT)

PGRs (µM) Embryogenesis % Mean no. 
of somatic 
embryos/
culture

Kinetin BAP 2, 4-D Direct Indirect

4.65 27.73 ± 1.18c 59.32 ± 1.00b 5.7 ± 0.11b
9.30 34.41 ± 1.62b 65.50 ± 1.35a 6.3 ± 0.32a
13.9 28.27 ± 1.04c 51.79 ± 1.83c 4.4 ± 0.05c

4.4 19.95 ± 1.05d 43.17 ± 0.78de 3.8 ± 0.15d
8.8 17.51 ± 1.14d 46.48 ± 0.68d 4.1 ± 0.20 cd
13.2 13.42 ± 1.13e 41.50 ± 1.27e 2.3 ± 0.15f

9.30 2.25 28.74 ± 0.82c 45.42 ± 0.47d 3.7 ± 0.05d
9.30 4.5 40.27 ± 1.02a 49.83 ± 0.68c 4.3 ± 0.10c
9.30 6.7 34.62 ± 0.67b 43.71 ± 0.99de 3.2 ± 0.05be
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followed by 4.65  µM Kinetin where an average of 5.7 
somatic embryos/callus mass were noted (Table 1; Fig. 1c).

Node callus was noted to be less potent in evoking embry-
ogenesis as no or poor numbers of embryos were formed, 
therefore was discontinued for future embryogenic or mor-
phogenic studies. The embryos obtained from these two 
sources (direct and indirect) were morphologically similar 
and easily detachable from the mother leaf and callus tis-
sue without any damage, which were processed for embryo 
germination.

Embryo maturation, germination and plantlet 
formation

The mature green embryos were placed in MS augmented 
with various  GA3 concentrations (0.7, 1.4, 2.8 µM) alone 
and in combination with BAP (2.2, 4.4, 8.8, 11.0 µM). 
Among the different concentrations tested, 1.4 µM  GA3 
happened to produce 62.21% somatic embryo germination 

with a 12.37 mean number of shoots/flask (Supp. Table 2). 
Somatic embryo germination frequency was improved 
(72.38%) further on BAP (8.8 µM) added  GA3 (1.4 µM) 
medium (Fig. 1d). Around 75–80 shoots were produced from 
a leaf-derived 500 mg of callus within 4–5 months times 
which were rooted before transplantation.

Histological and scanning electron microscopy 
study

A comprehensive histological study was undertaken to get 
a better understanding of the cellular changes taking place 
when organogenesis occurred via callus. Histological study 
revealed the development of embryos (Fig. 2a, b) and the 
cellular origin of plant regeneration. The embryos and pro 
embryos with no distinct suspensor were seen in non-syn-
chronized fashion and without any association with mother 
tissue leading to the formation of shoot and root meristems. 
The organogenic callus investigated through SEM also sup-
ported the genesis and development of somatic embryo 

Fig. 2  Histological study of embryo at different stages. a Globular embryo. b Heart shaped. SEM investigation confirming SE. c, d Heart shaped 
embryos and Globular embryo developed on the surface of embryogenic callus (Arrow heads) (Bars: a, b 1 mm; c 10 µm; d 100 µm)
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(Fig. 2c, d) confirming other developmental features on the 
callus surface before taking the shape of shoot and root mer-
istem in an embryo. Surface morphology of different devel-
opmental stages of embryos i.e. globular, heart, torpedo, 
cotyledonary embryo could easily be visualized through 
histology and SEM preparations.

Induction of roots and transfer of plants to outdoor 
conditions

The regenerated shoots obtained from different pathways 
(Supp. Fig. 2a) were placed in half MS both solid and liquid 
medium (Supp. Fig 2b–d) augmented with IAA, IBA and 
NAA at different concentrations for root regeneration. Both 
the medium induced roots and the liquid medium responded 
well in promoting more number of roots/shoot.

IAA and IBA induced roots but the best response was 
noted in 2.45 µM IBA added conditions with root induction 
efficiency of 88.17% in solid and 67.11% in liquid medium 
(Supp. Table 3). A maximum of 8.90 ± 0.04 roots per micro-
shoot in liquid and 6.82 ± 0.08 roots per shoot were recorded 
in solid medium after 5 weeks of incubation (Table 3). Well-
developed rooted plants were hardened inside the culture 
room in soilrite and soil (1:1) for four weeks, followed by 
transfer to pots (Supp. Fig 2e), containing soil, where the 
plants were grown under natural light with a 90% survival 
rate.

2C nuclear DNA content

In vitro grown culture particularly the callus is affected by 
stress, PGRs and other chemicals in medium, which induce 

Fig. 3  Flow cytometric analysis showing dot plots and histograms 
of relative nuclear DNA content isolated from leaves of a Pongamia 
pinnata (standard), b Indirect, c Direct induced, d Somatic embryo 

regenerated, e Ex-vitro procured T. indica. Left panels show dot 
plot of PE-W/ PE-A in which singlet G0/G1 population is gated and 
observed within the count versus PE-A histogram plot
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Table 2  2C DNA content of 
T indica regenerants obtained 
via direct, indirect and 
embryogenesis pathways

Data is represented as mean SE (n = 3)
Mean values in each column followed by different letters are significantly different at p ≤ 0.05 using Dun-
can’s multiple range test DMRT. Mbp mega base pair, pg pico gram
a 1 pg DNA: 1 pg = 978 Mbp or 0.978 × 109 bp (Dolezel 2003)

Plant source 2C DNA content (pg) Genome size (Mbp) Coefficient of 
variation (%)

In vivo plant (donor plant) 1.928 ± 0.07a 1885.58a 4.3
Direct regenerated plantlets 1.926 ± 0.03a 1883.62a 4.4
Callus mediated plantlets 1.940 ± 0.01a 1854.28a 4.5
Plantlets regenerated via Embryo 1.896 ± 0.07a 1897.32a 4.2

Fig. 4  SCoT profiles showing monomorphic bands in T.  indica 
amplified with SCoT-4 for in vitro derived plants and mother plant. 
Lane (L): ladder (1 kb); Lane (M): mother plant; various micropro-

pagated plant: Lane A  S1–S6 regenerants generated via callus, B  S7–
S12 directly regenerated plantlets and C  S13–S18 embryo regenerated 
plantlets

Table 3  List of SCoT primer 
sequences with the number, 
annealing temperature of 
scorable amplified fragments 
and length of DNA bands 
produced in Tylophora indica 
mother plant and in vitro 
obtained plants

S1–S6,  S7–S12,  S13–S18 depicts direct, indirect and embryo regenerated plantlet samples. The SCoT marker 
generated data shows scorable bands with band size ranging from 200 to 2800  bp. Highly reproducible 
monomorphic bands confirm genetic homogeneity of in vitro obtained plants, similar to T.indica mother 
(donor) plant

Sr No Primer code Sequences (5′–3′) %G/C Tm (°C) Number of 
scorable 
bands

Range 
of DNA 
bands(bp)

(S1–S6)  (S7–
S12)  (S13–S18)

1 SCoT3 CAA CAA TGG CTA CCA CCG 56 48 15 15 15 300–1400
2 SCoT4 CAA CAA TGG CTA CCA CCT 50 48 8 8 8 250–1200
3 SCoT7 CAA CAA TGG CTA CCA CGG 56 50 4 4 2 300–1800
4 SCoT9 CAA CAA TGG CTA CCA GCA 50 48 8 8 8 200–2800
5 SCoT12 ACG ACA TGG CGA CCA ACG 61 50 5 6 6 400–1200
6 SCoT26 ACC ATG GCT ACC ACC GTC 61 50 4 4 4 350–1400
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genetic instability in cultivated tissues. In order to deter-
mine the genetic status, the 2C DNA content of the regener-
ated plant was measured in T. indica. Flow cytometry study 
(Fig. 3a–e) shows that the 2C DNA content of in vitro raised 
i.e. direct, indirect organogenesis and somatic embryogen-
esis and field-grown plant of T. indica are the same as the 
nuclear 2C DNA values are 1.926, 1.940, 1.896, 1.928 pg 
respectively (Table 2). The similarity in genome size of 
both the two groups of plants (in vitro and field grown) was 
affirmed by our observation. We therefore conclude that the 
genetic homogeneity/similarity was maintained in cultured 
tissues, the regenerants were therefore true to type i.e. the 
genetic morphology of in vitro raised plant is identical to the 
field-grown /mother plant.

SCoT marker analysis

In tissue culture obtained plants, it is necessary to ensure 
genetic stability especially when the culture is produced 
through callogenesis or embryogenesis. In addition to 
genome size analysis through flow cytometry, the pre-
sent study validates the genetic fidelity of micropropa-
gated  (S1-S18) plants with mother plant (M) using SCoT 
marker. Genomic DNA extraction and quantification of T. 
indica were successfully achieved on 0.8% agarose gel 
(Supp. Fig. 3). For analysis of genetic homogeneity, six 
primers were selected out of 15 screened SCoT primers 
with an average 8 bands/primer (Fig. 4a–c).  SCoT3 produced 
maximum 15 bands whereas  SCoT7 produced the least 3 
bands (Table 3). UPGMA dendrogram based on Jaccard’s 
similarity indices obtained from SCoT markers showing 94% 
similarity between mother plant (M) and regenerated plants 
 (S1–S18) of T. indica (Supp. Fig. 4).

Discussion

The present study describes the role of various PGRs on cal-
lus induction, direct regeneration, and embryogenesis in T. 
indica. Callus induction ability from the two explant types 
(leaf and node) was tested and it was noted that the 2,4-D 
and Kinetin triggered the initiation, multiplication of cells 
and stimulated somatic embryogenesis in Tylophora. The 
callus was induced from both the explants, proliferated fast 
on 2,4-D added medium. Similarly, the impact of 2,4-D in 
inducing callus was investigated in different other plant spe-
cies (You et al. 2011; Malik et al. 2020b). In T. indica, a very 
similar report or better response of 2,4-D (in comparison to 
TDZ) in producing callus was noted (Chandrashekhar et al. 
2006), which is different from Sahai et al. (2010) observa-
tion where BAP's potency in inducing callus was reported. 
Here, for callus-mediated de novo shoot production, the 
MS added with BAP and NAA was observed to be efficient, 

corroborating earlier report (Teixeira da Silva and Jha 2016). 
This study revealed that out of two explants (leaf and nodal 
stem) tested, the leaf continuously induced callus on which 
embryos were formed at variable numbers. The leaves were 
also programmed to induce the embryo directly (without 
any callus); the nodal stem on the other did not produce 
any embryo or shoot directly. Although the reason for dif-
ferential behavior of explants is not known clearly, the dif-
ferential physiological gradients like endogenous PGR level, 
photosynthetic reserves present in different explants perhaps 
responsible for varied morphogenetic responses (Wernicke 
and Milkovits 1986; Mujib 2005). Delporte et al. (2014) 
reported that a variety of PGRs and their combinations influ-
enced differential cells’ activity in exhibiting varied explant 
behavior; and thus need a specific level of PGR/s at different 
stages of morphogenesis.

Somatic embryogenesis is a sequential process where 
somatic cells acquire cellular totipotency under an appro-
priate culture environment and induce embryogenic cells 
and embryos (Feher 2015, Gulzar et al. 2019). The plant pro-
duced via callogenesis shows the stages of callus formation, 
acquisition of embryogenic cells, embryo formation, matu-
ration and plantlet regeneration (Von Arnold et al. 2002). 
These steps are governed by the restructuring of the cellular 
state through various physiological, biochemical and molec-
ular processes (Sharmin et al. 2014). In T. indica, callus 
was obtained on 2,4-D supplemented MS medium on which 
embryo induction was noted, but the continuous presence 
impedes the development, very similar to Tahir et al. (2011) 
observation where 2,4-D in medium prevented embryo pro-
gression in Saccharum officinarum. Here, Kinetin alone and 
in combination with 2,4-D was noted to be more efficient 
for embryo development and advancement. Several other 
researchers demonstrated auxins specifically 2,4-D’s efficacy 
(as most significant and strong PGR) in initiating somatic 
embryos in different plant species (Zhang et al. 2007; Gulzar 
et al. 2019). Since Daucus carrota, the incidence of somatic 
embryogenesis has been reported widely and histological 
and SEM evidence has been presented in many plant spe-
cies (Couillerot et al. 2012; Mujib et al. 2013). The induced 
somatic embryos of Tylophora were later germinated and 
produced plants in BAP and  GA3 added medium.

Beside embryogenesis, the shoots were induced directly 
on explants and via callus, which needed to be rooted before 
transplantation. In this study, various PGR treatments were 
used in solid and liquid medium for rooting and all the treat-
ments induced roots at variable numbers. IBA supplemented 
half MS liquid medium produced more numbers of roots 
but the roots were stout and thick in solid medium. The 
positive influence of auxins especially IBA in solid/liquid 
media in inducing roots has been reported in a variety of 
plant genera (Aslam et al. 2013; Dipti et al. 2014; Mujib 
et al. 2017). In Clerodendrum phlomidis, Kher et al. (2016) 
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however, reported good numbers of roots in NAA added 
half MS medium.

The culture of callus on PGR added media for an 
extended period of time may cause stress to tissues which 
promote alterations in DNA and causes genetic instability 
(Pal et al. 2007; Chakraborty et al. 2013). These variations 
are demonstrated to be heritable and noted to be undesirable 
in somatic clones; such variations need to be detected at an 
early stage of plant development (Yang et al. 2011). There 
are several traditional and modern techniques to identify 
these genetic changes (Das et al. 2013). Here in T. indica, the 
plants were developed directly and indirectly from explants. 
The 2C DNA content of regenerated plant was evaluated; the 
histogram peaks of direct, callus mediated and embryo gen-
erated plants were similar to field-grown T. indica 2C DNA 
peak. Thus, the ploidy level and the genetic homogeneity 
were maintained which is in line with Niazian et al. (2017) 
observation, showing the genetic stability of regenerated 
plants in Carum copticum. Recently, similar genome size 
stability was reported in micropropagated plants of Gladi-
olus (Mujib et al. 2017), Rauvolfia serpentina (Zafar et al. 
2019), Allium sativum (Malik et al. 2020a) and species of 
Zepheranthes (Syeed et al. 2021). The alteration of genetic 
complement was however, reported in other investigated 
plants like Elaeis guineensis and Cucumis melo of tissue cul-
ture origin (Giorgetti et al. 2011; Raji and Farajpore 2020). 
The genetic homogeneity has also been validated by other 
molecular marker techniques and was reported in several 
plant species demonstrating monomorphic band patterns 
(Rathore et al. 2014; Rajput and Agrawal 2020). Sharma 
et al. (2014) reported clonal fidelity using ISSR molecular 
marker in Tylophora indica. The implementation of SCoT 
marker for investigating true to type nature of micropropa-
gated plants was conducted and monomorphism confirm-
ing genetic stability was noted in Citrus x meyeri (Najwa 
et al. 2021). In this study, a high degree of similarity of 
tissue cultured and mother Tylophora plant was established 
through SCoT marker. Dendrogram obtained from UPGMA 
revealed 94% similarity between parent and regenerated 
plants. Similar to our findings SCoT marker revealed a low 
degree of genetic variability in several other studied plant 
materials like Dendrobium thyrsiflorum, Plumbago zey-
lanica and Atropa acuminata (Bhattacharyya et al. 2015; 
Sharma and Agrawal 2018; Rajput and Agrawal 2020). 
Using SCoT marker Bhattacharyya et al. (2017) reported 
dissimilarity between the mother plant and the regenerants 
of Rumex nepalensis.

Conclusion

The present study showed no alteration in plant genetic 
makeup, which affirms clonal homogeneity among the 
regenerated plantlets obtained from different ways (directly, 
callus and somatic embryo mediated). Tylophora, being a 
potential source of active phytochemicals can be propagated 
using the above method for further in vitro enhancement of 
important secondary metabolites without exploiting the 
wild. Flow cytometry and SCoT molecular marker can be 
used as a robust technique for future plant breeding pro-
grams for cultivating true-to-type plants of high economic 
value.
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