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Abstract

Despite being valuable for producing a natural sweetener Curculin, Curculigo latifolia has a low growth and difficult to
domestificate. So, to solve this problem, propagation on in vitro culture will be an alternative method to propagated
this spesies under different cytokinins and light condition. Cytokinins and light has major role in organogenesis,
growth and gene expression of many species. Thus, in this study, we aimed to improve the Curculigo latifolia growth
on in vitro condition and expression of curculin gene by combining cytokinins addition and different light exposure.
Four weeks seedlings were sub-cultured into medium (MS free hormone) containing 3 mg/L benzyladenine (BA)
and various concentrations of meta-Topolin (mT) including 0.1 mg/L, 0.5 mg/L, and 5 mg/L. The cultures then
incubated under different light types (red, blue, white LED lights and white fluorescence light) with 16-h light/ 18-h
dark photoperiod for 14 weeks at 25 * 2°C. Several parameters, including plant height, leaf number, chlorophyll
contents, stomatal structure, and density and curculin expression, were observed every week. Unexpectedly, our
results showed that C. latifolia growth displayed significant improvement when it was treated under white LED
light without any additional cytokinins. In sum, white LED light further improves plantlets phenotype, such as
plant height, leaf number, chlorophyll production, and stomatal number and structure, whereas, red LED light
lead to a decreased phenotypes but increase the curculin gene expression.

Keywords: Curculigo latifolia growth, sweet-tasting protein-producing plants, LED light types, cytokinins. curculin gene.

Resumo

Apesar de ser valiosa para a producdo do adogante natural curculina, a Curculigo latifolia tem crescimento baixo
e é de dificil aclimatacdo. Portanto, para resolver esse problema, a cultura in vitro é um método alternativo para
propagar essa espécie em diferentes condicdes de luz e citocininas. As citocininas e a luz tém papel importante
na organogénese, no crescimento e na expressao génica de muitas espécies. Assim, neste estudo, nosso objetivo
foi melhorar o crescimento de C. latifolia em condi¢des in vitro e a expressdo do gene da curculina, por meio da
adicdo de citocininas e diferentes exposicdes a luz. As mudas de quatro semanas foram subcultivadas em meio (MS
sem hormonio) contendo 3 mg/L de benziladenina (BA) e vérias concentragdes de metatopolina (mT), incluindo
0,1 mg/L, 0,5 mg/Le 5 mg/L. Em seguida, as culturas foram incubadas sob diferentes tipos de luz (luzes LED vermelha,
azul, branca e luz de fluorescéncia branca) com fotoperiodo de 16 horas de luz por 18 horas de escuridao, por 14
semanas, a 25 + 2°C. Varios parametros, incluindo altura da planta, nimero de folhas, contetdo de clorofila, estrutura
estomadtica, densidade e expressdo de curculina, foram observados a cada semana. Inesperadamente, nossos
resultados mostraram que o crescimento de C. latifolia apresentou melhora significativa quando em tratamento
sob luz LED branca sem nenhuma citocinina adicional. Em suma, a luz LED branca melhora ainda mais o fenétipo
das plantulas, como a altura da planta, o nimero de folhas, a produgdo de clorofila e o niimero e a estrutura dos
estdmatos, ao passo que a luz LED vermelha leva a diminuigdo do fendtipo, mas aumenta a expressdo do gene
da curculina.

Palavras-chave: crescimento de Curculigo latifolia, plantas produtoras de proteina de sabor doce, tipos de luz LED,
citocininas, gene da curculina.
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1. Introduction

Curculigo latifolia (Lemba or Marasi) belongs to the
family of Hypoxidaceae. It is a herbaceous plant with
esteemed economic value due to its diverse benefits.
However, propagation of this plant is not domestically
well established (Raden et al., 2017). The growth rate of
this plant is slim, making it difficult to be conventionally
propagated. Previous study by Ismail et al. (2010) reported
that the seed germination requires intensive care and
special media. A considerable effort has been made by
Farzinebrahimi et al. (2016) in propagating this plant
through its rhizome, but it was failed. The promising
method, so far, is in vitro propagation. Babaei et al.
(2014) demonstrated micropropagation by using shoot
tips of Malaysian Lemba. The explants were cultured in
a basal medium containing various concentrations of
thidiazuron (TDZ) ranging from 0 to 2 mg/L and indole-
3-butyric acid (IBA) ranging from 0 to 0.5 mg/L. However,
Farzinebrahimi et al. (2016) successed to grow callus under
basal medium containing 3% sucrose that is solidified
with 2.5 g/L Gelrite with addition of IBA and various
concentrations of BA ranging from 0.5 to 4 mg/L.

Supplementary hormones in the medium play
important roles in successful C. latifolia growth.
Cytokinins, one of the plant hormones, trigger cellular
changes which are important for cell decision including
cell development and adaptive responses from abiotic
to biotic environment. Aromatic cytokinins used in this
study include benzyladenine (BA) and meta-Topolin
(mT). mT isolated from poplar leaves has high activity.
It plays an important role in delaying senescence,
increasing photosynthetic pigments, and modulating
the antioxidant enzyme activities (Amoo et al., 2015;
Aremu et al., 2012). Thus, mT successfully improves the
development of root and shoot in the in vitro propagation
of numerous species such as Pyrus communis (Lotfi et al.,
2020), Opuntia stricta Haw (Souza et al., 2019), Tecoma
stans (Hussain et al., 2019), Salvia viridis (Grzegorczyk-
Karolak et al., 2020), Sesamum indicum (Elayaraja et al.,
2019), Saccharum officinarum (Souza et al., 2019),
Syzygium cumini L. (Naaz et al., 2019), and Musa spp
(Aremu et al., 2012).

Not only hormones, but environmental condition is also
important for the in vitro culture of explant. For example,
light affects not only photosynthesis but also plant
morphology and development. Previous study reported that
it induced gene expression (Chatelle et al., 2018). Despite
the numerous accomplishments on the photoregulation of
plant development, very little information is available on
the specific effect of light quality provided by LED source
regulating gene expression (Gupta, 2017). Moreover, light
quantity, quality, and exposure duration regulate plant
growth and development. Despite the low grow rate of
C. latifolia, in our previous study, we successfully done
in vitro germination (Muslihatin et al., 2022). Therefore,
in this study, we aimed to improve the Curculigo latifolia
growth on in vitro condition and expression of curculin
gene by combining cytokinins addition and different
light exposure.
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2. Materials and methods

Time and places conducted study. This study was
conducted on January 2022 - February 2023. This study
conducted on Laboratory Bosciences and Plant technology
and Biotechnology Laboratory, Departement Biology,
Institut Teknologi Sepuluh Nopember, Indonesia and Institut
of Tropical Deseases of Airlangga University, Indonesia.

Medium composition and growth condition. C. latifolia
seeds were sterilized and germinated according to
Muslihatin et al. (2023). Four seedlings were subcultured
into medium (MS free hormone pH 5.8) containing 3 mg/L
BA and various concentrations of mT including 0.1 mg/L,
0.5 mg/L, and 5 mg/L. The cultures then incubated under
different light types including red (A = 660-665 nm), blue
(A = 460-465 nm), white (6,000-6,500 K) LED lights and
white fluorescence light (Philip™ TL 30W), with 16-h
light/ 18-h dark photoperiod for 14 weeks at 25 + 2°C.
Several parameters, including plant height, leaf number,
chlorophyll contents, stomatal structure, and density and
curculin expression, were observed every week.

Measurement of chlorophyll content. In brief, per
replication, 0.1 g (fresh weight) of leaves was macerated
in 5 ml ice-cold acetone by using a mortar and pestle.
Thereafter, the solution was filtered through Whatman
No. 1 filter paper. The absorbance of the supernatant
was measured at 645 and 662 nm using a UV-visible
spectrophotometer against a blank (acetone). Pigment
contents were determined and expressed in pg per g fresh
weight using the formulae below (Equations 1, 2 and 3)
according to Aremu et al. (2012):

Chl a (Ca) = 11.244¢5) — 2.044gy5 (1)
Chl b (Cb) = 20.134g45 — 4.194662 (2)
Total Chl = 7.05A4g5p + 18.09 4gys (3)

Stomatal structure and density. Structure of stomata was
analysed using Scanning Electron Microscope (SEM) (FEI
Inspect S50) with 2,500 and 10,000 of magnification. Leaf
discs were coated by Aurum Paladium (AuPd). Stomatal
characteristics (pore aperture and pore length) were
electronically measured. Stomatal number of the adaxial
and abaxial surface were observed using light microscope
Olympus CX21 and optilab advance, and upgraded with
magnification of 100. Stomatal number was electronically
measured using Raster 3 software. Stomatal density was
observed per unit area (mm?).

Plant material for molecular analysis. Leaves from
20 weeks seedling of C. latifolia cultured on MSO medium
under different light condition mentioned before being
used in this experiment.

Primer Designing and reference genes. The full
length complementary DNA (cds) of Curculin genes
(Accession: AB181490.1) were used to query and were
obtained from the publically available platform at
NCBI. For curculin genes, primer pairs were designed
using the online software (OligoAnalyzer, 2023).
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Primers were choosed by parameters optimal length
20-25 nucleotides, melting temperature 60-65° C, GC
content < 50%, product size range 100-446 base pairs,
no self complementarities at 3’ end, and absence for
the hairpin structures and self-dimers. The qRT-PCR
primer was designed with same steps (the primers were
listed on Table 4). In this study, Ubiquitin was used as
reference gene. The primer for Ubiquitin gene used
primers according to Okubo et al. (2021).

RNA isolation and cDNA synthesis. The leaves (50 mg)
were grinded. Total RNATM Mini Kit (Plant Geneaid) was
used to isolate total RNA according to the manufacturer’s
instructions. RNA quality was further assessed using the
Nanodrop (Thermo Scientific™ Nanodrop 2000). The cDNA
was synthesized from total RNA using GoScript™ Reverse
Transcription System (Promega, USA) according to
manufacturer’s instructions. The reactions were placed in
a controlled-temperature heat block equilibrated at 25°C,
and incubate for 5 minutes, then incubated at 42°C for
60 minutes. The extension temperature may be optimized
at 70°C for 15 minutes.

PCR Assay. 3 nL The cDNA sample was mixed with 25 pL
NEXpro™ HS PCR 2X Master Mix, 5 L Nuclease Free Water,
1 pL Primer Foward, 1 puL Primer Reverse (Primers are listed
onTable 1). The reactions were placed in a thermal cycler
(Select cycler II, Taiwan). This study used 35 cycle with
preheated to 95°C for 7 minutes, denaturated to 95°C for
30 seconds, temperature of annelling 54°C for 30 seconds,
temperature of extention 72°C for 40 seconds, and final
extention 72°C for 7 minutes. Products PCR of cDNA were
analyzed or detected using agarose gel electrophoresis

Electrophoresis. DNA visualization was performed using
agarose gel electrophoresis technique. Preparation of 2%
agarose gel was carried out by dissolving 2 g of agarose
in 100 ml of 1X Tris Borate EDTA (TBE) solution and then
heating in the microwave for 2 minutes. 20 uL/20 ml of gel
dye RedSafeTM (IntRON Biotechnology) was added to the
agarose solution (IntRON Biotechnology) and then left for
15 minutes until the solid agarose became a gel. Then the
agarose gel was placed in an electrophoresis bath which
contained 1x TBE solution until the gel was submerged. 5 pl
The DNA sample was tested and 3 pL DNA leader 100 bp
was added. Furthermore the electrophoresis was carried
out for 30 minutes at 100V. The concentration and quality
of electrophoretic RNA results were observed under UV
transilluminator. The quality of the DNA is shown with
a white line.

Effect of light and cytokinin on in vitro culture of C. latifolia

Real-time qRT-PCR Assays. Real-Time PCR was performed
in real time PCR machine (MyGo pro, UK) with the fixed
conditions (95°C for 120 seconds, 40 cycles of 15 s at 95°C
for 15 second to 60°C 1 minute to 72°C ) in final volume
of 25 ml. The reactions involved GoTaq(R)qPCRMaster
Mix) (Promega, USA), with composition 12,5 pL GoTaq (R)
qPCR Master Mix, 5,5 pL Nuclease Free Water, 1 L primer
foward, 1 pL primer reverse and 5 pL cDNA. All reactions
were run in three replicates, and Ubiquitin served as the
endogenous reference gene.

Data analysis, this study used 200 seedlings. Each
treatment, consisting of four light types and five variations
of cytokinins concentration, was repeated 10 times. Data
processing and analysis were performed using Microsoft
Excel 2016 and SAS ver.25. The results were further
statistically analyzed using two-way analysis of variance
(ANOVA) followed by a Duncan Multiple Range Test (DMRT)
at the significance level of 0.05.

3. Results

3.1. Different light types and supplementary cytokinins
influence Morphology of C. latifolia

To observe the effect of light types on C. latifolia
morphology, the plantlet was grown under different light
types. The result showed that, except for red light, other
light types exhibited not only higher C. latifolia plant, but
also more leaves, with white fluorescence light being the
best and followed by blue and white LED lights (Figure 1).
Moreover, to know whether supplemental cytokinins
(such as BA and mT) influence C. latifolia morphology,
the plantlet was cultured in the medium containing BA
or mT, as well as hormones-free medium. Surprisingly,
C. latifolia plantlets, which were cultured in the hormones-
free and mT-containing medium displayed higher plant
height with more leaves. In contrast, the one cultured
in 3 mg/L BA-containing medium exhibited lower plant
height with less leaves (Figure 2). As shown in Figure 3,
plantlets grown in a medium without hormones displayed
normal morphology under any types of light. However,
once they were grown in the medium with supplemental
cytokinins, they exhibited distinct morphology. In the
medium supplemented with 0.1 mg/L and 0.5 mg/L mT,
plantlets grown under white fluorescence and blue LED
light showed normal morphology, while the ones treated

Table 1. Effect of different light types and various cytokinins concentrations on C. latifolia height (cm).

Cytokinins (mg/L)
Light
MSo 3BA 5mT 0.5 mT 0.1 mT
Flouresence 2.85+0.16 fg 121+0131 2.62+017h 211+0.27]j 3.66+0.15¢
White LED 517+0.25a 112+0131 3.25+0.10d 2.95+0.16 ef 2.75+0.08 gh
Blue LED 4.65+0.16 b 0.81£0.09 m 231+0131i 3.08+£0.18 e 231+0111
Red LED 1.53+0.20k 1.05+0.131 111+£0.261 0.88£0.13 m 110+ 0.231

Note: numbers were followed by different letters show a significant difference based on the DMRT (. 0.05).
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under white and red LED lights resulted in abnormal
morphology with improper leaf development. Strikingly, in
the medium containing ten-fold higher mT (5 mg/L), only
plantlet grown in white LED light seemed to be normal,
while others were abnormal. Moreover, the addition of
3 mg/L showed abnormal morphology. Overall, red LED
light and supplemental cytokinins like mT and BA by up to
5mg/L and 3 mg/L, respectively, impaired plantlets growth
resulting in abnormal morphology (Figure 3).

To verify the effect of different light types and
supplementary cytokinins, quantity analysis by using
DMRT was carried out. The results showed these
treatments significantly affect plant morphology.
Consistent with the previous data, Tables 1 and 2 showed
that plantlets, grown in the hormones-free medium,
exhibited the highest plant height and leaf number (with
the height of up to 5.17 cm and leaf number up to 6,5).
In contrast, plantlets grown in the BA-containing medium
possessed the lowest plant height and leaf number (with
the height of only up to 0.81 cm and leaf number up
to 1.0). Plantlets grown in the mT-containing medium
resulted in average plant height. Moreover, we also tested
the effect of light and supplementary cytokinins on the
roots number (Table 3). Plantlets treated under red light
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Figure 1. C. latifolia growth, treated under different light types,
is observed through the (A) Plantlet height and (B) leaf number.

showed no sign of root development in any medium, as
well as plantlets in the BA-containing medium under
any light types. The best root development was observed
from plantlet grown under white LED light in the medium
without any hormones.

3.2. Different light types and supplementary cytokinins
significantly influence stomatal number but not stomatal
structure of C. latifolia

To investigate whether different light types and
supplementary cytokinins influence stomatal structure
and number, stomata in both upper (adaxial) and lower
(abaxial) parts of the leaf were observed. The results
showed that, in general, stomatal number on the abaxial
part was 5 to 12-fold higher than adaxial part under any
lights treatment. To be more precise, in the hormones-free
medium, the stomatal number was higher when plantlets
were grown under white fluorescence and white LED light
(with stomatal number reach about 115.49 unit/mm? and
118.98 unit/mm?, respectively). In the 0.5 mg/L mT-
containing medium, only plantlets grown under white
LED light possessed the highest stomatal number up
to 118.1 unit/mm?. As for the ones in the 0.1 mg/L and

A =—MS0 -e=3mgLBA -—+3SmglmT =—=—05mglmT -——01mgLlmT

Time (weeks)

——MS0 —#=3mgLBA —a—3Smglml =—=05mglml =—w=01mgLmT

Leimex number
2
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Figure 2. C. latifolia growth, cultivated in different medium, is
observed through the (A) Plantlet height and (B) leaf number.

Table 2. Effect of different light types and various cytokinins concentrations on C. latifolia leaf number.

Cytokinins (mg/L)
Light
MSo 3BA 5mT 0.5 mT 0.1 mT
Flouresence 56+0.51b 1.0t0h 3.0x0ef 28+042f 56+0.69b
White LED 6.5+0.84a 1.0+.0h 33+048e 57+048b 4.0+0.67d
Blue LED 3.7+0.54d 1.0+0h 29+0.31ef 47+048c 3.1+0.31ef
Red LED 1.8+042¢g 1.0+x0h 1.3+048h 1.0+0.00 h 1.0+0.00 h

Note: numbers were followed by different letters show a significant difference based on the DMRT (a 0.05).
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Figure 3. C. latifolia plantlets grown under different light types in the cytokinins-containing medium after 12 weeks of incubation.

Table 3. Effect of different light types and various cytokinins concentrations on C. latifolia root number.

Cytokinins (mg/L)
Light
MSO0 BA3 mT 5 mT 0.5 mT 0.1
Flouresence 3.6+0.51b 0.0+00e 1.4+0.96 ¢ 00+00e 11+£11cd
White LED 77*t141a 0.0+0.0e 11+119cd 0.6 £ 0.96 de 0t0e
Blue LED 36+0.84b 00+0.0e 00+0.0e 00+0.0e 0+t0e
Red LED 00+0.0e 0.0+0.0e 00+0.0e 00+0.0e 0t0e

Note: numbers were followed by different letters show a significant difference based on the DMRT (a 0.05).

5 mg/L mT-containing medium, the highest stomatal
number reach only up to 80 and 50 unit/mm? under white
fluorescence light (Figure 4). Furthermore, according
to the stomata structure depicted in Figure 5, although
there were no abnormalities, plantlets grown under
white fluorescence displayed closed stomata, while under
other LED light types, the stomata were opened. There
was no significance different on the stomata or pore size.
The stomata size was 19.96 um, 25.62 pm, 16.03 pm, and
25.44 nm for white fluorescence, white, blue, and red LED
lights, respectively. The pore size of the opened stomata
reached up to 13.61 pm, 13.38 pm, and 16.15 pm for white,
blue, and red LED lights, respectively.

Brazilian Journal of Biology, 2024, vol. 84, €280778

3.3. Different light types and supplementary cytokinins
affect chlorophyll production

Chlorophyll is one of the indicators that demonstrate
plant health. Therefore, we checked whether different
light types and various cytokinins influence chlorophyll
content. As shown in Figure 6, the results showed that
the content of chlorophyll a was 2 to 3-fold higher than
chlorophyll b under any types of light in any medium.
While chlorophyll a is highly produced under white LED
light, chlorophyll b is better under white fluorescence
light. Interestingly, both chlorophyll a and b grown in the
0.1 mg/L mT-containing medium were highly produced
under blue LED light. The highest chlorophyll a content
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was produced by plantlets treated under white florescence
in the hormones-free medium and blue LED light in the
0.1 mg/L containing medium, reaching up to 16,087 pg/g
and 16,236 ug/g, respectively. The highest chlorophyll b
content was obtained from platelets grown in the 0.5 mg/L
mT-containing medium under blue LED light.

3.4. Different light types affect expression of curculin gene

The primers were used in the isolation and expression
of the Curculin gene on the list (Table 4). PCR product
were visualised by electrophoresis (Figure 7). From the
visualization using agarose gel, it was showed that the
gene encoding curculin was confirmed at 446 bp. Since
gRT-PCR is relatively simple coupled with a high level
of sensitivity, it is rapidly being adopted as a standard
method for performing expression analysis of Curculin
gene. From qRT-PCR result (Figure 8), it was showed that
the expression was varied depend on the light. This study

©White LED =Bl LED WRe4 LED

Adacial
M0

Adacial

05aT 01 mT
Cytokinin (mg’L)

Figure 4. Effect of different light types and various concentrations
of cytokinins on stomatal number in abaxial and adaxial parts of
the leaf. Note: Numbers were followed by different letters show
a significant difference based on the DMRT (a 0.05).

Figure 5. Morphology of C. latifolia stomata on MSO medium under (A) flouresence, (B) white, (C) blue, and (D) Red LED lights observed

by SEM with magnification of 10000 and 2500.
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showed that LED light increased the expression level
of Curculin gene. Especially, the gene expression was
extremely inhibited under the flouresence light. However,
apart from the control, red LED significantly promoted the
expression level curculin as compared to the flouresence
light. The curculin expression level of plants grown under
blue LED was 1.79 fold higher and red LED was 2.43 fold
higher than white LED light. Sedangkan gene expression
under flouresence light was lower compare with under
white LED.

4. Discussion

Taking all the data together, our result indicated that
C.latifolia seedling displayed a normal and an optimum
growth in the hormones-free medium compared to that of
cytokinin-supplemented medium. Addition of BA and mT

Table 4. Primer list for PCR and qRT PCR amplification.

Primer name Sequences (primer direction 5’-3’)

PCR

Cur Fw GCCAAGTTTCTTCTCACCATTC

Cur Rv TCCTCATGTTGTGGTTCAGTAG
gRT PCR

Cur Fw GAGTGACGGGAACCTCATTATC

Cur Rv CCATCCTGCTGAAGAACAAGA

Ubiquitin Fw* TATAATCTGCAAGGGTCCGGC

Ubiquitin Rv* AGATTCAGGACAAGGAGGGG

Note : * according to Okubo et al (2021).

Brazilian Journal of Biology, 2024, vol. 84, e280778



interfere the C.latifolia growth to some extent, including
shoot and root development, chlorophyll production
and stomatal opening. It is probably because BA can be
metabolized to a toxic compound called N-glucosides or
alanine conjugation. This compound is biologically inactive.
Therefore, it is difficult to be hydrolyzed inside of the
plant body, leading to a certain degree of accumulation
(Werbrouck et al., 1996). In addition, (Bairu et al., 2011)
reported that BA causes hyperhydricity in Aloe polyphylla.
In contrat, previous study reported mT improves the
development of root and shoot in the in vitro propagation
of numerous species (de Souza et al., 2019; Elayaraja et al.,
2019; Grzegorczyk-Karolak et al., 2020; Hussain et al.,
2019; Lotfietal., 2020; Naaz et al., 2019; Souza et al., 2019).
Furthermore, previous studies reported that many species
produces endogenous hormones which is sufficient for
supporting its growth and development (Li et al., 2020;
Raspor et al., 2020; Shreejana et al., 2023; Upadhyay et al.,
2023; Yuan and Yang, 2018). Therefore, it is possible that
extra hormones may have no effect or even trigger negative
feedback as a response to excess number of hormones.
As for different light type treatments, our study reported
that the growth of C. latifolia plantlets was majorly affected
by white LED light. In line with our findings, Tran et al.
(2018) reported that rice seedlings grown under white LED
light displayed an optimum development. In addition, they
reported that white and blue lights regulate chlorophyll
production. White light promotes chlorophyll production
in vanilla (Bello-Bello et al., 2016), lettuce (Kasim & Kasim,
2017), and sugarcane (Silva et al., 2020). Moreover, white
light also contributes in synthesis of photosynthetic
pigment (Song et al., 2022). Previous study reported that

DFtuorescence §White LED

8Blue LED DRed LED

“hlorophyll content (ugle)

Chl

Cytokinin (me/L)

Figure 6. Effect of different light types and various concentrations
of cytokinins on C. latifolia chlorofil a and b production. Note:
Numbers were followed by different letters show a significant
difference based on the DMRT (a 0.05).
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white light has broader spectral distribution, ranging from
400 to 700 nm. This spectrum easily reaches PAR region,
allowing the plant to utilize the light (Burattini et al., 2017;
Dugar et al., 2019; Tran and Jung, 2017). In contrast, other
light types disturbed chlorophyll and carotenoid synthesis
by reducing the activity of ALA, Proto IX, Mg-proto IX and
Pchlide. Furthermore, our study reported that white LED
light significantly enhances stomatal number.

Red LED has the opposite effect to white LED. The growth
of C. latifolia is very low and has abnormal morphology
under red LED irradiation. This result is in line with potato
plantlets according to Chen et al. (2021), under red LED
condition, Solanum tuberisum plantlets growth with
small leaves, slim stems and weak roots. In contrast, red
light exposure increased significantly the plant height of
tomatoes, Arabidopsis, wheat, pepper, and other crops,
the plant height under red light (Liang et al., 2022).
Unfavour growth of C latifolia under red LED irradiation
occurs because either PHYA or PHYB is sufficient for full
responsiveness to red light. Reed et al. (1994), reported
that PhyA can mediate inhibition of cell elongation and
PhyB appears to play a major role in inhibition of hypocotyl
elongation by red light in arabidopsis. However, red light
slightly improves larger stomatal and pore size. Previous
studies demonstrate that red light induces stomatal opening
in Gerbera jamesonii (Meng et al., 2019). Moreover, red light
promotes the accumulation of K* sugar via photosynthesis
and starch degradation (Ando and Kinoshita, 2018) and
induces PMH* ATPase activity in guard cells. Ion and
sugar accumulation increase the water volume in the cell,
leading to an increase in the size of the stomata (Inoue
& Kinoshita, 2017).

The previous study documented that light has a
pronounced effect on gene expression via photoreceptors
particularly during the early photomorphogenetic
development of plant (Li et al.,2017). LED-regulated gene
expression has been studied with respect to photoreceptors.
Specifically, blue, red, and white LED, individually and/or
in combination, regulate the expression of key regulatory
genes involved in various metabolic pathways of plants
(Gupta, 2017). But, the speculated that the response to
light was species-specific. Even though the red light
of the LED gave an unfavorable effect on the growth of
C. latifolia, the red light caused the highest expression of the
curculin gene. In N. tabacum red light providing activation
of gene expression and in Arabidopsis, both PHYA and
PHYB induction of gene expression in response to a brief
red-light treatment (Miiller et al., 2014; Reed et al., 1994).
Subsequently, a red-light-controlled actuator, based on the
N-terminal domains of PhyB and PIF6 from Arabidopsis

Figure 7. Confirmation of Curculin gene specific PCR amplification. M: marker, B: blue LED, F: flouresence, R: Red LED, W: white LED.
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Figure 8. Relative expression of Curculin gene on different light
condition.

thaliana, was demonstrated to achieve a high dynamic
range of gene expression induction in Nicotiana tabacum
and Physcomitrium patens-derived protoplasts in response
to 660 nm red light (Larsen et al., 2023). In addition, red light
also increases the gene expression level of strigolactone
signal transduction genes SMXL, D14 and BRC2 in
Pepino (Solanum muricatum) (Si et al., 2022). In addition,
Zaghdoud et al. (2023), reported Red LED irradiation in seeds
of Pepper (Capsicum annuum L.) caused an increase in the
expression of TIP genes (tonoplast intrinsic proteins TIP1;4,
Isoform TIP1;6, and TIP4;1) PIP2;3 (plasma membrane
intrinsic proteins) and NIP1;1NOD26-like intrinsic proteins.
In the other study, The red LED light has an effect on gene
expression of synthesis carotenoid in the flavedo of citrus
fruit (Ma et al., 2015). Red LED treatment up-regulated
the expression of citPSY, citCRTISO, citLCYb2, citLCYe, and
citVDE genes. Ochoa-Fernandez et al. (2020) has described
a protocol for a light-inducible expression system that is
activated by red light to control gene expression in leaf
protoplasts of Nicotiana tabacum and Arabidopsis thaliana.
genes, e.g. firefly luciferase. Upon exposure to red light,
PhyB changes its conformation by photoisomerization of
the covalently bound chromophore, phytochromobilin
(P®B). The activated form of PhyB (Pfr) binds to PIF6 and
the VP16 domain is then recruited to the etr motif in close
proximity to the minimal promoter, activating transcription
of the reporter gene. In addition, Red light raises gene
expression of BACHS (Bradi4g17230) on a monocot model
plant, Brachypodium distachyon (Tran et al., 2018).

5. Conclusion

There are several factors that influence the growth
results in in vitro culture of targeted plants. In this study,
composition and light media were studied, they provided
an important role in the growth of C. latifolia in vitro.
Both factors had a significant influence on the growth
of C. latifolia on in vitro conditions. This study reported
that hormones-free medium was sufficient to support
C. latifolia growth on in vitro culture. According to the
results obtained, not only growth, but light also influenced
the expression of the Curculin gene of C. latifolia. The use of
LED lighting as source of lighting in this research showed
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that LEDs were the smart choice for next-generation
lighting source to improve growth of C. latifolia and
increase of curculin gene expression. White LED light
improved seedling phenotype, such as plant height, leaf
number, chlorophyll production, and stomatal number
and structure. It was found an interesting results from the
experiments conducted that red LED light led to a decrease
phenotype, but it increased the curculin gene expression.
It was showed clearly that light used in the experiments
had a significant effect to increase Curculin gene expression.
By observing the expression of the Curculin gene obtained
from experiments carried out, this study stated that the
Curculin gene was an Inducible-light gene expression.
From the results obtained, we found perspectives for the
sustainability of this work and its applications. Inducible
gene expression system is essential to control target gene
expression with minimal or no interference for efficient
large-scale Curculin and biopharmaceutical production.
In the economic point of view, the growth of C. latifolia
in hormone free medium shows that it is cost efficient
for scale up propagation. The economic aspect is one of
the critical aspects in biomass production that supports
the realization of mass production of targeted product.
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