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Abstract

Dianthus chinensis L. is an edible, ornamental herb used to prepare the Dianthi Herba, a Chinese
traditional rejuvenating medicine. Owing to the rapid proliferation of callus tissues, in vitro production of
flavonoids has their own specific importance. Callus cultures raised followed by auxin directed
biosynthesis of flavonoid through related transcript profile were carried out. Murashige and Skoog (MS)
medium fortified with 2,4- Dichlorophenoxy acetic acid (2,4- D) or picloram induced formation of friable
callus from internode derived cultures of D. chinensis. Culture medium containing 2,4-D (10 uM)
produced the highest flavonoid content, 4.44 mg quercetin equivalent per gram (QE g~ ') under incubation
in continuous dark condition, while maximum dry weight yield (0.38 g/ culture) was obtained from 10 yM
2,4-D under 16 h light / 8 h dark condition (50 pmol m~2 s™ " irradiance) at 60 days of incubation. The
callus raised in light condition in 10 uM 2,4- D selected to analyze flavonoid related gene expression
profile viz.,, chalcone synthase (CHS), chalcone isomerase (CHI), flavanone-3-hydroxylase (F3H), and
flavonol synthase (FLS) at specific time intervals. The transcript abundance of CHS, F3H, or FLS gene
was higher at 60 days old callus cultures and reaching 11.59, 48.31, and 114.63-fold relative expression
than that of initial callus tissues respectively. These understandings are critical for the regulation of
targeted phytochemicals as well as their wide exploitation in the field of biological research.

Key Message

We have established an efficient callus culture system for flavonoid accumulation in Dianthus chinensis,
and 2,4- D had a significant effect on flavonoid related gene expression on specific time intervals.

Introduction

Dianthus chinensis (China pink) is one of the widely known ornamental plants, also valued as medicinal
herb in the traditional Chinese system of medicine. In the herbal formulation, ‘Dianthi Herba’ (Qu-Mai),
major component is the areal part of D. chinensis and the drug is used as diuretic or anti-inflammatory
agent (Jiangsu New Medical College 1977; Lopez-Exposito et al. 2011) specifically, to treat urinary
infection, carcinoma, gonorrhea, and carbuncles (Oshima et al. 1984; Wang et al. 1998; Raman and Park
2015). The plant extract has apoptotic, anti-oxidant, anti-cancerous, and anti-inflammatory activities
(Nishiumi et al. 2011; Nho et al. 2012; Shin et al. 2013; Oh et al. 2018). A literature survey on different
Dianthus species revealed the presence of important bioactive compounds belongs to flavonoids,
terpenoids, saponins, and phenols are responsible for its pharmacological activities (Galeotti et al. 2008b;
Ma et al. 2009; Luo et al. 2011; Obmann et al. 2011). Among these, flavonoid groups are highly valued
secondary metabolite in plant kingdom for its action in antioxidant, anti-inflammatory, chemo-preventive,
antitumor, hepato-protective, anti-microbial, estrogenic, against neurodegenerative, cardiovascular, and
other age-related diseases (Kumar et al. 2013; Skrzypczak-Pietraszek et al. 2018). So far, a variety of
flavonoids like apigenin, kaemp-ferol, and quercetin derivatives have been identified from Dianthus
species (Curir et al. 2003; Baloetti et al. 2008a and b).
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In recent years, the plant tissue culture technique has become an effective tool to achieve enhanced
production of secondary metabolites, especially when resources in the natural stands for the extraction of
metabolite is facing shortage or scarcity of specific bioactive compounds due to increasing the demand
(Zhou et al. 2020). Studies on factors involved in vitro production of secondary metabolites and
biosynthesis increasingly received attention (Lucho et al. 2018; Duan et al. 2019; Biswasa et al. 2020;
Kumar et al. 2020). Dianthus chinensis maintained as an ornamental plant in several parts of the world.
However, exploitation of this plant as an herbal drug in the form of ‘Diantha Herba' and other novel
formulations restricted due to low availability of dried plant biomass and seasonal nature, which
necessitate exploration of alternative method for enhancing the metabolite production. The callus
cultures often employed as model to produce metabolite due to proliferation coupled with fast growth of
undifferentiated cells. The callus cultures also enable investigations on genetic behavior of tissue
specific effective metabolite production. Moreover, there are many reports supporting the effective
production of flavonoids via callus culture in different plant species (Masoumian et al. 2011; Wang et al.
2013; Kumar et al. 2014; Zheng et al. 2018; Kabita et al. 2019). The efficiency of D. chinensis or D.
caryophyllus on callus induction has been reported in various cultivars to entertain organogenesis
(Jethwani and Kothari 1996; Kantia and Kothari 2002; Pareek et al. 2004; Fu et al. 2008; Teixeira da Silva
2014; Maurya et al. 2019). However, the in vitro metabolite production or genes responsible for compound
accumulation in D. chinensis cultures have not been researched so far.

Flavonoid biosynthesis mechanism is often the best studied pathways among plant secondary
metabolites both through biochemical and molecular explorations (Koes et al. 2005; Hichri et al. 2011). In
phenylpropanoid pathway, phenylalanine ammonia lyase (PAL) being the first entering enzyme towards
flavonoid production (Ververidis et al. 2007). In plants, the structural as well as regulatory genes have
been involved in the regulation of flavonoid biosynthesis (Schijlen et al. 2004). In spite of regulatory
genes, the structural genes of flavonoid biosynthesis have shown a positive relation towards flavonoid
accumulation (Stracke et al. 2009; Azuma et al. 2012; Jiang et al. 2013). The enzymes coding structural
genes including, chalcone synthase (CHS), chalcone isomerase (CHI), flavanone-3-hydroxylase (F3H), and
flavonol synthase (FLS) are responsible for flavones and flavonol production (Jaakola et al. 2004;
Nakatsuka et al. 2012). The regulation of these structural genes has considered as primary regulators for
diverse flavonoid groups under various conditions (Lepiniec et al. 2006; Hichri et al. 2011).

Since last three decades, flavonoid biosynthetic pathways in plants received due attention in plant
science research. The metabolic engineering process aimed to flourish various aspects such as; model
plants (to explain the general biosynthetic pathways), floricultural plants (to produce different ornamental
plants), plants for increased tolerance to pathogens (engineering of phytoalexin), and crop plants for
flavonoid enhancement (Tohge et al. 2017; Nabavi et al. 2020). As an important floricultural plant, D.
chinensis is known for its extremely diverse color pigmentation and are responsible for production of
varied flavonoids and anthocyanin derivatives. In view of this the highly proliferated in vitro callus
cultures can be treated as tool to dissect and manipulate the genetic route of flavonoid production. Many
folds enhanced production of metabolite can be targeted by over expression of key genes in the

metabolic pathways. The over expression of CHI gene has effectively enhanced flavonoid yield in hairy
Page 3/27



root culture of Glycyrrhiza glabra (Zhang et al. 2009) and Scutellaria baicalensis (Park et al. 2011). Li et
al. (2006) states that, CHI gene transferred hairy root cultures of Saussurea involuerata have been
expressed an enhanced production of flavonoids in contrast to its wild type hairy roots. Moreover, down
regulation of flavonoids has reported by silencing of CHS gene in transgenic hairy roots of Medicago
truncatula (Wasson et al. 2006). These understandings are critical for the regulation of in vitro production
flavonoids. The relationship between in vitro cell line growth and metabolite production has been partially
elucidated (Palacio et al. 2012; Loredo-Carrillo et al. 2013). To our knowledge, the influence of PGRs on
flavonoid production and gene expression studies in callus cultures of D. chinensis has not been
investigated. Herein we conducted a research on the establishment of an effective protocol for in vitro
callus induction of D. chinensis with a focus on flavonoid accumulation in terms of biosynthesis related
CHS, CHI, F3H, and FLS transcript profile.

Materials And Methods

In vitro callus induction

Dianthus chinensis L. (cultivar; Floral lace light Pink) was collected from District Horticultural Nursery,
Thiruvananthapuram, Kerala state, S. India was used as the experimental material. The excised internode
(~1 cm) or leaf segments (~0.5 cm?) of healthy shoots was selected, surface sterilized (Sreelekshmi and
Siril 2021) and trimmed sterilant exposed cut portion under sterile condition. To study the effect of auxins
on callus induction, the excised explants were inserted in to 15 ml Murashige and Skoog (MS) medium
containing 3% sucrose, 0.7 % agar (Sisco Research Laboratories, Mumbai, India), and various
concentrations (0, 2.5, or 5 uM) of 2,4-dichlorophenoxyacetic acid (2,4- D), a-naphthaleneacetic acid
(NAA), 4-Aaino-3,5,6-trichloro-2-pyridinecarboxylic acid (picloram), indole-3-acetic acid (IAA), or indole-3-
butyric acid (IBA) (Sigma-Aldrich, Bangalore, India). The cultures were maintained at 25+2 °C with 5515
% relative humidity, and 16 h photoperiod in cool white fluorescent tubes (40 W, Philips, India) with 50
pumol m? s irradiance. After 40 days of inoculation, callus morphology, percentage of callus, and fresh
weight accumulation (g/ culture) were duly recorded.

The callus (~200 mg) raised from intermodal explants on MS medium supplemented with 5uM 2,4-D
were transferred after 40 days to culture flask containing 30 ml MS medium supplemented with varying
concentrations (0, 2.5, 5, 10, or 15 pM) of 2,4- D, and were incubated under photoperiod of 16 h light (50
pmol m?2 s or complete dark condition. MS medium without any auxins were treated as control. All the
parameters like callus fresh weight (FW), dry weight (DW), and total flavonoid content were determined on
every 20 days intervals up to 80 days.

The collected callus samples were dried in a hot air oven at 60 °C (Remi Scientific Instruments,
Secunderabad, India). The grind callus sample was then subjected to extraction in 80% methanol (Wang
et al. 2015), and quantified total flavonoid (TF) by aluminium chloride method (Chang et al. 2002) using
a UV-Visible spectrophotometer (Model: UV-1700, Shimadzu Instruments, Tokyo, Japan) at 415 nm. The
TF was calculated based on standard calibration curve (0-50 pg/ mL, R2 = 0.99), using quercetin
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(Sigma-Aldrich, St. Louis, US). The TF was expressed as mg quercetin equivalent (QE) 'g of DW. To
assess the stability of flavonoid production, the callus (~200mg) raised in 10 uM 2,4- D media were
subcultured to MS medium containing 10 uM 2,4- D and were incubated at a photoperiod of 16 h light/ 8
h dark and the subcultures practice continued 4 times at every 60 days interval, and at the end of
incubation period flavonoid yield was determined.

Callus growth index and water accumulation

The growth capacity of callus in terms of growth index (Gl) was determined as the ratio of the
accumulated and the initial biomass. The callus Growth index of callus raised in medium containing 2,4-
D (10 uM) at every 10 days interval was calculated by the following formula; Gl = Wf — Wi/ Wi. Where, GI
represents growth index, Wf and Wi represents the final and initial fresh weight of callus (Godoy-
Hernandez and Vazquez-Flota, 2006).

In vitro cultures of D. chinensis are highly vulnerable to varying degrees of hyperhydricity (Sreelekshmi
and Siril 2020; Sreelekshmi et al. 2021a and b), thus callus mass accumulates high proportion of water
leading to increment in fresh weight. The water accumulation of cultures raised in medium containing
2,4-D (10 uM) was determined at every 10 days interval using the formula; Callus moisture content (%)=
Fresh weight — Dry weightx100/ Dry weight.

RNA isolation and cDNA synthesis

The efficiency of metabolite production specific to expression of flavonoid synthesis gene was measured
by isolating the callus biomass raised in medium containing 10uM 2, 4-D at 1, 20, 40, 60, or 80 days
intervals. Three biological replicates for each culture were randomly selected, ground in liquid nitrogen,
and sample (100 mg) from each, pooled for RNA isolation using trizol reagent (Ambion by Life
Technologies, Invitrogen, Carlsbad, USA) method (Simms et al. 1993). The concentration and integrity of
RNA sample was quantified by NANO DROP ONE (Thermo Scientific, USA) and agarose gel (1.6 %; SRL,
Mumbai, India) electrophoresis. Five hundred nanogram of RNA were converted in to cDNA using Primer
Script™15t strand cDNA Synthesis Kit AB- 1453/B (Thermo Scientific, USA) according to the
manufacturer’s instructions. The 20 pl final reaction mixture was incubated at 42 °C for 30 min followed
by inactivation at 95 °C for 2 min.

Analysis of expression of genes associated with flavonoid biosynthesis

The expression of key genes associated with flavonoid biosynthesis pathway was determined via
quantitative real-time PCR (gRT- PCR (qTOWER 2.2, Analytic Jena, Germany) and data analysis has
performed by aj, qPCRsoft 3.0. The gene expression analysis of selected genes (CHS, CHI, F3H, and FLS)
in different culture systems were analyzed by using, the gene specific primers which were designed on the
basis of sequence data procured from D. caryophyllus GenBank (National Center for Biotechnology
Information; NCBI). The RT specific primers were designed using PrimerQuest tool (Integrated DNA
Technologies, Inc., lowa 52241, USA) under default parameters. The designed primer sequences were
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again sorted by checking the specification of PCR primer status in Sequence Manipulation Suite; Version
2 software (Stothard 2000), and purchased (Geno Biosciences Pvt. Ltd, Noida, India). The designed
primer sequences were duly tabulated to relative expression study (Table 1). The specificity of RT specific
primers was found by melting curve analysis and single band product visualization by agarose gel
electrophoresis. The expression of gene of interest was confirmed by using actin (ACT) as the internal
control. gRT-PCR analysis was performed with 2X Real-Time PCR Master Mix with SYBERGreen (Origin
Diagnostics and Research, Karunagapally, Kerala, India) by the intercalation of a fluorescent dye (SYBERR
Green) all in the volume of 20 pl. The thermal profile of the CHS, CHI, F3H, and FLS polymerase reaction
was 95 °C for 7 min, followed by 40 cycles of 95 °C denaturation for 20 s, 48.2 °C, (CHS), 48.9 °C (CHI),
48.0 °C (F3H), or 48.9 °C (FLS) annealing for 15 s and 72°C extension for 15 s. At the end of the program,
the melting curve was activated by increasing the temperature from 60°C to 95°C. Each copy number of
all the genes was normalized against that of ACT and the relative expression was calculated by the 2°
AACT method (Livak and Schmittgen 2001).

Statistical analysis

All the experiments on callus cultures were conducted using a randomized complete block design (RCBD)
method. Every experiment consists of four replication blocks of 10 culture tubes or 6 culture flasks for
each treatment. To record callus induction as well as flavonoid production, parameters viz., percentage of
response, fresh weight (g), dry weight (g), and total flavonoid (44 mg QE g”' DW) were recorded every 20
days of culture. The data subjected to analysis of variance (ANOVA) and the differences among the mean
values were compared with Duncan’s Multiple Range Test (DMRT;, p<0.05) using IBM SPSS Statistics
V22.0 and all results were expressed as mean + SD. The RNA isolation was conducted with pooled
replications, and data represented the mean relative expression of three repeats with standard error bars.

Results And Discussion

In vitro callus induction

Callus induction from intermodal or leaf segments cultivated on different auxin supplemented media
showed distinct growth characters (Table 1). When explants were cultured on full strength MS medium
containing 2.5 or 5 uM 2, 4-D or picloram, induction of friable callus (100%) was noticed (Fig. 1a and b),
while the explants cultured on the media containing NAA, IAA, or IBA produced roots with low callus
proliferation (Fig. 1c-e). In contrast to picloram 2,4- D facilitated higher callus biomass accumulation both
in internode (2.13 g/ culture) and leaf explants (0.78 g/ culture). The response of 5 uM 2, 4- D also
showed distinct callus morphology after 40 days cultures (Fig. 1f). The internodal segment showed
superior response with creamy friable callus, while leaf explant showed inferior callogenic response and
the developed callus was white, nodular type (Fig. 1g and h). Friable greenish-yellow callus was induced
(100%) after 1 week from the cut ends of the internode cultured on MS medium containing 2, 4-D (2.5
uM) (Fig. 1i), and highly proliferative creamy callus formation occurred after one month of incubation. In
contrast, the auxin-free cultures failed to produce callus irrespective of explants used. The loosely
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aggregated, friable callus mass induced by the intervention of 2,4- D is capable to grow rapidly with high
cell proliferation (Souza et al. 2011). Due to superior response and high fresh weight, the internode
derived calli were selected for further flavonoid production experiments. Similar callus proliferation
response was reported in D. chinensis (Nontaswatsri et al. 2008) and D. caryophyllus (Maurya et al.
2019), where favourable effect of 2,4- D on callus formation from nodal explant compared to leaf
segments. However, Teixeira da Silva (2014) reported the internodal explants of D. caryophyllus are
suitable to produce callus using a combination of BA and 2, 4- D. Similar callus proliferation was reported
in Sophora flavescens and suggest that addition of 2, 4- D or picloram in the callogenesis medium are
more responsive than NAA (Park et al. 2020).

Callus culture and flavonoid production

The internode derived friable calli on different concentrations of 2,4- D at dark or light condition showed
increase in size accompanied by efficient cell proliferation at every 20 days of culture. The auxin
treatments revealed that type and concentration of 2,4- D have significant effect on (p<0.05) fresh weight
or dry weight accumulation in callus cultures (Table 2 and 3). Among the different incubation conditions,
2, 4- D at light condition was found to be the most effective for callus induction, producing rapidly
growing friable calli (Fig. 2a). The friable greenish callus was formed from all the treatments within 1
week of culture. After 30 days, the callus tissues turned creamy to yellow colored, and later (80 d), which
appeared yellowish-brown. The nature of callus and production of bioactive compounds in medicinal
herbs depends on various factors such as incubation conditions, type, and concentration of growth
regulators used (Palacio et al. 2012; Castro et al. 2016; Park et al. 2020). The efficient callus induction in
auxin treated medium is due to initiation of cell division, growth, and elongation; especially promoting
microRNA transcription specific to growth related protein synthesis (George et al. 2008). Moreover, it is
often cited that 2,4- D is a foremost suitable auxin specific to callus induction (Anjusha and Gangaprasad
2017; Farhadi et al. 2017; Farvardin et al. 2017).

The higher FW (11.0 g/ culture; Fig. 2b) was achieved on 10 uM followed by 15 uM 2, 4- D (9.0 g/ culture)
containing medium at 16 h light/ 8 h dark condition (Fig. 2c) and least (3.2 mg g™') fresh biomass of
callus formed at 1 uM 2,4- D during 80 days incubation under complete dark condition (Fig. 2d). As the
duration of incubation increased, the biomass accumulation also increased with respect to auxin
concentration in light or dark condition. At dark condition, friable white callus (Fig. 2d) was proliferated
on 10 uM 2,4- D and upon extending the days of incubation to 80 days, colour of callus turned to
yellowish brown (Fig. 2e and f). A gradual increase of dry weight was observed with increasing
concentration of 2,4- D, regardless of incubation condition, whether it is light or dark, whereas the
maximum dry weight of callus (0.38 g/culture) was recorded in 10 uM 2,4- D at light condition. These
results are in agreement with that of Saensouk et al. (2007), who reported maximum callus in 2,4-D
supplemented medium, incubated at light condition. Moreover, Sakpere et al. (2014) stated that 2,4-D is
the better growth regulator for callus development and biomass production in Telfaria species as
compared with other auxins. Dry weight accumulation of callus was found to be maximum at 60™" day of
incubation in all the auxin concentrations. Thereafter, it declined possibly due to unavailability of
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nutrients or deterioration of callus due to accumulation of auto-toxic metabolic products. Alwash et al.
(2018) reported the quick callogenic response characterized by the formation of friable, granular, or
greenish yellow to creamy callus in D. caryophyllus using 2,4-D (1 mg L") and BA (0.5 mg L") added
medium.

4.3.4.4 Callus growth index and moisture content

Growth index (Gl) of callus raised in T0uM 2, 4- D were analyzed from 10™" day to 80™ day of culture at
10 days intervals. The growth curve of callus biomass showed sigmoid pattern at 10 uyM 2, 4-D. Time
course monitoring of callus growth suggests that an initial slow growth (lag phase) for first 30 days and
there after sudden increase in Gl (log phase) ending at day 60 (Fig. 3a). Subsequently the linear phase
was shifted to stationary phase after 60" day of incubation. Callus maintained in medium containing 2,
4-D (10 uM) for 80 days recorded 11 g FW/ culture and indicated 55-fold increase over the initial callus
mass. Similarly, the callus moisture content increased significantly (p<0.05) and proportionally to the
fresh weight accumulation in 10uM 2,4- D medium (Fig. 3b). Moderate level of moisture was
accumulated up to 50" day of incubation, there after upraised exponentially with increasing the period of
incubation.

4.3.4.5 Total flavonoid production

Flavonoid production through callus culture on 2, 4- D added MS medium showed significant result both
in light and dark condition (Table 5). Among different concentrations of 2, 4- D, 10 uM found to be the
most effective to produce callus as well as flavonoid. The highest flavonoid accumulation in 2,4- D
fortified medium were noticed in 10 uM concentration at dark condition (4.44 mg QE g”' DW) on 60" day
of incubation. Flavonoid content of callus sampled showed steady increase up to 60t day of sampling,
thereafter production slightly declined. In comparison to the initial flavonoid content (0.40 mg QE g DW),
cultures raised in 2, 4- D (10 uM) containing medium after 60 days incubation in dark, 11.1-fold increase
achieved. 10 pM 2,4- D at 16 h light/ 8 h dark incubation resulted 3.85 mg QE g™ DW leading 11.3-fold
flavonoid production compared to initial 10 days culture and 19.25-fold to control set. The incubation
condition did show any significant role on flavonoid production and callus maintained in light condition
produced slightly decreased concentration of flavonoid (Table 5) However, cultures raised in 10 uM 2, 4-D
and incubated in light condition (16 h light/ 8 h dark) has promoted enhanced biomass accumulation,
thus contributed significantly to highest flavonoid yield.

The stability assay of flavonoid production on 10 pM 2,4- D added medium at light condition revealed the
stable metabolite production during four consecutive subcultures (Fig. 4). By considering the stability and
flavonoid yield, 10 uM 2, 4- D under 16 h light condition was selected as the best hormone treatment for
callus culture in D. chinensis. Our study indicated that calli at 60 days of incubation had high
accumulation of total flavonoids. It is noticed that callus adapted to grow well in light condition,
consequently obtain higher biomass, and seems to conducive flavonoid production and is in accordance
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to callus cultures of Sophora flavescens (Park et al. 2020), while Loredo-Carrillo et al. (2013) has reported
the callus derived secondary metabolites were produced only in the presence of light.

In the present study, 2, 4- D stimulated the quiescent cell to multiply and the lack of exogenous supply of
auxin in the medium (control) caused non-proliferation of callus tissue. Fresh weight and DW records of
cultures raised in 2, 4- D added medium were upraised with increasing concentration as reported
previously in different cultivars of D. caryophyllus (Singh et al. 2000; Jorapur et al. 2018). In a previous
report, a crown gall transformed line of D. caryophyllus was used to produce type 1 ribosome- inactivating
protein, dianthin (Messeguer et al. 1999). Alwash et al. (2018) reported the enhanced production of
dianthalexin (phytoalexin) in callus cultures of D. chinensis raised in MS medium containing 2,4- D (1mg
L") and BA (0.5mg L™). Luczkiewicz and DanielGtéd (2003) reported that 2, 4- D is the best hormone for
flavonoid production in Genista sp., where an optimized incubation condition for callus growth was used.
Combined effect of 2, 4- D and BA on the production callus derived flavonoid was reported in Artocarpus
lakoocha (Maneechai et al. 2012). In a traditional Chinese medicinal herb, Dysosma pleiantha callus
cultures took 10 weeks for its maximum growth to induce kaempferol or quercetin production
(Karuppaiya and Tsay, 2019). The callus cultures of Ligaria cuneifolia were used to produce polyphenolic
compounds viz, flavanols, hydroxyl cinnamic acid, proanthocyanidin and catechin (Ricco et al. 2019).
There were many reports on production of anthocyanins from callus of different plant species such as
Vaccinium myrphillus (Madhavi et al. 1998), Crataegus sinaica (Maharik et al. 2009). Previous works also
supported the production of flavonoid derivatives like, luteolin from callus cultures of Hypericum
perforatum (Dias et al. 1998) and isoflavonioids form Maackia amuresis (Fedoreyev et al. 2000) and
Genista sp. (Luczkiewicz and Daniel Gtéd 2003). In recent times, the increment of flavonoid production in
various in vitro culture systems were reported by way of over expression of flavonoid related genes in
diverse plant groups (Li et al. 2006; Zhang et al. 2009; Park et al. 2011; Haida et al. 2019; Popova et al.
2020).

gRT-PCR analysis on flavonoid related genes expression in callus culture

The qRT-PCR amplification curve of CHS, CHI, F3H or FLS genes were generated using callus sampled in
different time intervals and cycle threshold (CT) was determined at specific threshold fluorescent values.
The specificity of 40 cycle amplification for each primer set along with ACTIN primers in callus sample
was confirmed by the single peak melting curve of gRT-PCR products (Fig. 6). The presence of single
bands with expected size in agarose (1.6 %; SRL, Mumbai, India) gel electrophoresis also showed the
quality and specificity of PCR products.

The high concentration of flavonoid accumulated as well as proliferated callus tissues raised in MS
medium containing 10uM 2,4- D, and incubated at normal photoperiod (16h light/8 h dark) was harvested
at different time intervals (1, 20, 40, 60, or 80 days) to isolate total RNA. The gene expression pattern
during callus proliferation from initial stage of callus culture and the expression levels of genes involved
in flavonoid biosynthetic pathway were determined by qRT-PCR analysis. The four candidate genes (CHS,
CHI, F3H, and FLS) studied, showed an up-regulation in transcript level from the callus inoculation day
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(Day 1; control; Fig. 7a-d). The results are in agreement to the tabulated total flavonoid accumulation in
callus cultures at 20 days interval. Among the four genes analyzed, CHS, F3H, and FLS displayed a
significant increment of transcript abundance at 60" day of sampled callus. However, at 80" day, the
expression reduced compared to callus sampled on 60" day of culture. The relative expression of CHS,
F3H, and FLS gene was 11.59, 48.31, and 114.63 -fold higher at 60" day respectively than the 15t day of
inoculation, whereas CHI transcript showed 26.35-fold increment at 40t day of inoculation. Through the
present study it is reasonable to deduce that flavonoid biosynthesis potential of 60 days old callus is
maximal.

The expression levels of flavonoid biosynthesis were explained by using these key genes in various
culture systems (Rizzini et al. 2011; Huang et al. 2016). In the present study, the expression patterns of
callus cultures in D. chinensis correspond with the total flavonoid accumulation in cultures incubated for
20 days at normal photoperiod. Flavonoid related gene (F3H and CHS) expression in callus culture of
Malus sieversii has enhanced under light condition than dark (Wang et al. 2016). The differential
expression of flavonoid pigment anthocyanin biosynthesis genes (viz., PAL, CHS, CHI, DFR, and F3H) was
reported in callus cultures of Daucus carota under varying concentrations of MS media constituents
(Saad et al. 2018). It was reported PAL, CHS, and CHI transcript level increased at optimal concentration
of NH,NO3 (40 mM) and KNO4 (18.8 mM) in the MS medium. An up-regulation of CHS2 and CHI1 gene
was reported during the enhanced production of flavonoids in hairy root cultures of Physalis angulata
(Zhan et al. 2020). The flavonoid pathway related gene expression was conducted in callus cultures of
Dimocarpus longan at different blue light conditions, where the genes CHI, CHS, F3H, DFR (dihydroxy
flavonol reductase), and LAR (leucoanthocyanidin reductase) transcript level showed increasing up-
regulated trends under blue light upto 24 h/ day except FLS gene (Li et al. 2018). However, the UV
exposure treatment on hairy root cultures of Fagopyrum tataricum compared to untreated control, 30-40
fold FLS transcript abundance in flavonoid pathway was reported (Huang et al. 2016). In the present
study, final gene expression of FLS under 2,4- D treatment showed the highest transcript abundance at
60" day of growth phase, which was 114.63-fold higher than control. These much fold change of
flavonoid gene (FLS) due to the gene flux, which targeted towards many pathways and might be
significantly contributed net result of enhanced production of flavonoids. As such, based on expression
profile it is entailed that 2,4- D steered callus growth, couple flavonoid accumulation by up-regulating a
series of flavonoid biosynthesis-related genes. The work forwards, an excellent idea on over production of
diverse flavonoid compound through the highly proliferated callus lines of D. chinensis.

Conclusion

In this study, we have developed an efficient callus culture system for in vitro study on flavonoid
biosynthesis and found that 2,4- D had a significant effect on CHS, CHI, F3H, and FLS transcript level on
specific time intervals. MS medium containing 10uM 2,4- D enhanced 11.59, 48.31, and 114.63 folds
CHS, F3H, and FLS transcript abundance respectively at 60th days of culturing. The study forwards an
idea that serves to enhance the flavonoid production by focusing on transcript abundance in different
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callus phases. The developed culture system should provide a future research to apply new bio-technique
tools on constructing novel flavonoid regulating sequence of the efficient, proliferated cell lines of D.
chinensis
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CHS MK416198.1 F: AAGGTCCTGCGACTATTT
R: CTCCTTCAACCCAGTCATA
CHI LC377269.1 F: CCAGGAGACTCCATTCTATT
R: GAAAGGTCGTGTTCTGTATG
F3H LC377194.1 F: CGTGACGTATTTCTCATACC
R: GTATTCCTCTGTGACCTTTATC
FLS KM203112.1 F: CGTAAAGTTGAGGAGAATGG
R: TGAACCCGTCATCAGTAG
ACTIN AY007315 F: TTTGGACTCTGGTGATGGTG
R: CAGCCAAATCAAGACGCAAG
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Table 2. Effect of different auxins on callus development from internode and leaf explants of D.
chinensis

Auxin Concentration Internode explants Leaf explants
ope (LM) Callus Fresh weight (g/  Callus Fresh weight (g/
induction (%)  culture) induction (%)  culture)
Control 0 0.00+0.009 0.00+0.00¢ 0.00+0.00° 0.00+0.00°
NAA 2.5 6.67+3.337¢  0.10+0.02¢ 3.33+3.33¢ 0.04+0.02¢
o 13.3+6.66° 0.11+0.03¢ 6.67+3.33¢ 0.05+0.03¢
IAA 2.5 23.33+3.33%¢  (.11+0.04¢ 20.0+5.77¢ 0.05+0.03¢
S 33.3+8.82% 0.17+0.03¢ 30.0+5.77% 0.08+0.03¢
IBA 2.5 40.0+5.77°¢  0.27+0.05¢ 33.3+3.33¢ 0.08+0.03¢
S 50.0+5.77° 0.32+0.03¢ 46.67+6.66°  0.10+0.02¢
24D 2.5 100.0£0.008  1.57+0.50P 100.0+0.008  0.66+0.14°
o 100.0+0.0028  2.13+0.322 100.040.00°  0.78+0.052
Picloram 2.5 96.7.0¢3.33%  1.10+0.10° 93.3.0+3.332  0.35+0.06¢
o 100.040.00°  1.70+0.26° 96.7+3.332 0.49+0.07¢
Main effect Df (n-1)=10 95.93%** 45 57%** 113.28%* 75.35%%*

***Significant at p<0.001 level, means within column followed by same letters are not significantly
(p<0.05) different as determined by Duncan’'s Multiple Range

Table 3. Fresh weight (g/ culture) biomass accumulation in internode derived callus cultures of D.
chinensis
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Incubation 24D Fresh weight (g/ culture) estimated during different incubation
condition Conc. (UM)  periods (days)
10 20 40 60 80
2.5 0.22+0.019  0.47£0.02°¢  1.3+0.18%  2.7+0.15°  4.5+036f
Light 5.0 0.3620.01° 0.62+0.03°  3.120.12°  55%0.17°°  8.0+0.14°
10 0.5120.022 0.84+0.02%8  510.61%  83%0.29°  11.0£0.14°
15 0.42+0.02° 0.67+0.02>  3.8+0.22°  509+0.07°  9.0+0.11P
Control (0)  0.22+0.01¢ 0.23:0.017  0.25:0.017 0.25:0.029  0.25:0.02"
2.5 0.22¢0.019 0.33+0.03°  1.120.10°  2.0£0.26"  3.2+0.109
Dark 5.0 0.25+0.02¢  0.42+0.02¢ 1.9+0.15¢ 3.1+£0.27e 6.310.22¢
10 0.44+0.02° 0.62+0.02°  3.240.36° 5.9+0.21c?  7.3+0.299¢
15 0.3620.01° 0.54+0.03°  4.9+0.18° 6.3+0.169  7.8+0.30¢
Control (0)  0.22+0.01¢ 0.22¢0.017  0.23+0.017 0.25:0.029  0.25+0.02"
Main effect Df (n-1)=9 48.871%*x 64.26%+* 73.40%*x 143.27%%% 224 .36%**
I1n)CL%bation condition(l) Df (n-  22.66*** 96.53%** 62.68%+* 177.79%%%  187.69%+*
2,4-D conc.(C) Df (n-1)=4 93.77%** 149.49%*x 177.05%%%  343.28%*  §26.76%**
IxC Df (n-1)=9 4.90%* 7.34%x 10.47%x% 24 67%x* 21.30%x*

**Significant at p<0.01 level, ***Significant at p<0.001 level, means within column followed by same
letters are not significantly (p<0.05) different as determined by Duncan’s Multiple Range

Table 4. Fresh weight (g/ culture) biomass accumulation in internode derived callus cultures of D.
chinensis
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Incubation 2,4-D Dry weight (g/ culture) estimated during different incubation
condition Conc.
(UM) periods (days)
10 20 40 60 80
2.5 0.0120.00° 0.02+0.01° 0.07#0.01¢  0.16+0.02°  0.12+0.03%
Light 5.0 0.02+0.01°  0.02#0.00° 0.10£0.02°¢  0.25+0.04°°  0.16+0.02°
10 0.03+0.00° 0.05+0.01% 0.19+#0.018  0.38+0.022  0.24+0.022
15 0.02+0.00° 0.03+0.00° 0.12+0.03°  0.26+0.04°  0.19+0.01P
?Ogntrol 0.01£0.00° 0.01+0.019 0.02+0.01"  0.02+0.02¢  0.02+0.03¢
2.5 0.01+0.00°  0.02+0.00° 0.09+0.019  0.12+0.03¢  0.09+0.00¢°
Dark 5.0 0.01+0.00° 0.02+0.01° 0.12+0.02°  0.23+0.03°°  0.09+0.01¢
10 0.02+0.00° 0.03+0.00° 0.19+0.042  0.33+0.042  0.24+0.01°
15 0.02+0.00° 0.03+0.02° 0.16+#0.02°  0.31+0.02°®  0.20+0.01°
Control %;ntro' 0.01£0.00°  0.02+0.00° 0.02+#0.01"  0.02+0.03¢  0.02+0.00¢
Main effect Df (n-1)=9 12.84%%% 3.17%* 11.40%** 25.44%%x 30.36%**
Incubation condition(l) Df ~ 3.11* 4.44% 3.27* A4 1 45%x 3.68*
(n-1)=1
2,4-D conc.(C) Df (n-1)=4  13.29%** 5.29%* 21.80%x* 44.26%%x 59.05%+*
IxC Df (n-1)=9 14.07%%* 4.43* 2.16%* 3.96%* 5.77%%x

*Significant at p<0.05 level, **Significant at p<0.01 level, ***Significant at p<0.001 level, means within
column followed by same letters are not significantly (p<0.05) different as determined by Duncan’s

Multiple Range

Table 5. Total flavonoid content in callus cultures of D. chinensis raised in different concentrations of 2, 4-
D supplemented MS medium
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Incubation
condition

2,4-D
Conc.
(LM)
2.5
Light 5.0
10

15

Control

0)
2.5

Dark 5.0
10
15

Control

0)
Main effect Df (n-1)=9

Incubation condition(l)
Df (n-1)=1

2,4-D conc.(C) Df (n-1)=4
IxC Df (n-1)=9

Total flavonoid (mg QE g™ DW) estimated during different incubation

periods (days)

10 20
0.31+0.03>  0.49+0.09%
0.32+0.02°  0.57+0.06%
0.3410.02°  0.75+0.072
0.34x0.03°  0.61+0.09°°
0.18+0.02¢  0.18+0.04f
0.32+0.02°  0.46+0.08¢
0.37+0.04%®  0.61+0.06°°
0.40+0.022  0.70+0.022P
0.36+0.042°  0.60+0.02°°
0.2120.02c  0.22+0.03e
3.21% 6.54%*
7.49% 3.22%

4.05* 14.79%*
0.95NS 0.40NS

40
0.67+0.04¢
0.77+0.01¢
2.01%0.18°
1.10+0.27¢

0.20+0.03f

0.84+0.059%
0.93+0.059%
2.57+0.322
1.28+0.13¢
0.23+0.03f

47.78***
15.07**

104.43%%

2.03NS

60
0.77+0.05°
0.86%0.05°
3.850.24°
2.82+0.77°

0.20+0.044

1.24+0.28¢
1.46%0.47¢
4.44+0.26°
3.02+0.30°
0.23+0.02¢

43.27%¥
9.43%

97.45%**

0.38Ns

80
0.74+0.07¢
0.79+0.01¢
2.50+0.26°
1.29+0.23°

0.2140.02¢

1.1340.03°
1.510.09¢
3.25+0.102
2.37+0.07°
0.27+0.05¢

36.33***
47.93***

67.08***

1.72NS

*Significant at p<0.05 level, **Significant at p<0.01 level, ***Significant at p<0.001 level, NS at non-
significant level, means within column followed by same letters are not significantly (p<0.05) different as
determined by Duncan’s Multiple Range

Figures
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Figure 1

Effect of auxin types on callus induction in different explants of D. chinensis. (a) Friable callus induction
from 2.5 uM 2, 4- D (scale bar 0.7 cm) or (b) picloram (scale bar 0.7 cm); (c-e) root induction in 2.5 pyM
NAA, IAA or IBA respectively (scale bar 0.6 cm); () efficient callusing on 5 uM 2, 4- D (scale bar 0.6 cm); (g
and h) nodular white calli from leaf explant (scale bar 0.4 cm); (i) green calli from nodal explant after 1
week inoculation of 2.5 uM 2, 4- D supplemented MS medium (scale bar 0.4 cm).
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Figure 2

Callus production from different concentrations of auxins in D. chinensis. (a) Creamy green callus on 2,4
D (5 uM) supplemented medium (scale bar 1.3 cm); (b and c) high biomass accumulation from on 10 uM
or 15 uM 2, 4- D at 16 h light condition (scale bar 1.2 cm); and (d-f) white, creamy or yellowish brown
callus after 40, 60, and 80 days of incubation in 10 uM 2,4- D at complete darkness respectively (scale
bar 1.2 cm).
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Figure 3

Growth index and water content analysis of callus culture of D. chinensis. (a) Growth index (Gl); and (b)
callus moisture content of callus cultures in 10 uM 2, 4-D at 16 h-light/ 8 h dark condition.

Page 25/27



Flavonoid content (mg gt DW)
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Relative gene expression profile of flavonoid related genes a) CHS; b) CHI, c) F3H; and d) FLS on callus
tissues derived from 10uM 2, 4- D (16 h light/ 8 h dark) at different time intervals (Day1, Day20, Day 40,
Day 60, or Day 80)
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