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Abstract Kaffir lime has medicinal properties for the treatment of many diseases.
We used in vitro culture techniques to maintain quality and increase the
production of active compounds in kaffir lime. The objective of this study is to
determine the phenotype and genotype of kaffir lime callus cultures grown
on media with the addition of 2,4-Dichlorophenoxyacetic (2,4-D) and
Benzylaminopurine (BAP) on three generations (GO, G1, and G2). The callus was
induced and subcultured on Murashige and Skoog medium added with 2,4-D: BAP
at concentrations of 1:0.5; 2:0 and 5:0. Results showed no significant difference
in callus initiation time in all treatment groups. Morphological characteristics,
including color, texture, and biomass, varied among growth regulator
concentrations and generation level. A high level of callus generation corresponds
to a more friable texture and a more yellowish callus. Callus grown with the
addition of 2,4-D and BAP 2:0 and 5:0 showed a more friable structure and
yellowish color than 1:0.5. Growth regulator concentrations in each generation
did not affect the callus growth curves, but the length of each phase between
generations was different. The exponential phases of G1 and G2 were faster than
that of GO. Despite slight differences in phenotype, the DNA profiles of callus
suggest the same pattern between treatment groups, thereby indicating that our
kaffir lime callus has genetic stability and that the callus can be used as raw
material for medicinal purposes.
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INTRODUCTION

Kaffir lime or Citrus hystrix DC. is distributed throughout tropical areas such as
Southeast Asia (Wongpornchai, 2012 in Budiarto et al., 2019). The kaffir lime plant is
used as a flavoring and spice in many foods. Kaffir lime is also used to maintain healthy
teeth and gums, and to treat scurvy (Abirami et al., 2014 in Anuchapreeda et al., 2020).
Kaffir lime contains secondary metabolite compounds in the form of alkaloids,
flavonoids, terpenoids, tannins, and saponins, which have antibacterial, antioxidant,
and anti-inflammatory functions and prevents free radicals. Previous studies also
proved that kaffir lime has antiproliferative properties in epidermal carcinoma and
murine leukemia cells (P388). Kaffir lime also has a cytotoxic effect against HL60
(promyelocytic leukemia), K562 (chronic myelocytic leukemia), Molt4 (lymphoblastic
leukemia), and U937 (monocytic leukemia). (Siripongvutikorn et al., 2005; Hutadilok
et al., 2006; Lertsatitthanakorn et al., 2006; Manosroi et al., 2006; Chueahongthong
et al., 2011 in Tunjung et al., 2015). The anticancer activity of kaffir lime is influenced
by secondary metabolite compounds.

Secondary metabolites in kaffir lime leaves are used as antibacterial agents
(Tunjung et al., 2018), and secondary metabolites of kaffir lime are a potential resource
to be used on a large scale in the pharmaceutical industry (Tunjung et al., 2020).
However, the production of secondary metabolites with natural raw materials is less
effective because many samples are required and the process is dependent on natural
conditions. An effective method is needed to produce secondary metabolites on a large
scale.

This study used plant tissue culture studies because it can produce disease-free
plants, ensure rapid plant propagation, transform the plant genome, and produce
secondary metabolites constantly (Debnarh et al., 2006; Altpeter et al., 2016; in
Espinosa-Leal et al., 2018). In vitro culture techniques were used to scale up the
production of secondary metabolites. Previously, we established a callus induction
method for kaffir lime from seed explant. However, this study was conducted on
generation 0 (GO) only (Tunjung et al., 2020, Tunjung et al., 2018). Kaffir lime callus
can be used as raw material to produce cell suspension. Cell suspension culture in plants
is conducted as bioproduction to produce high-value bioactive compound products in
several plant species (Siva, 2012; Satdive, 2015; in Naik & Al-Khayri, 2018). The
produced bioactive compounds can be higher than the parental plant due to cell
suspension culture. This process is supported by the optimization of culture conditions,
strain selection that is capable of producing high bioactive compounds, and the addition
of precursors (Vanisree et al., 2004; in Balbuena et al., 2009) so that callus and elicited
cell suspension can be used as a valuable strategy to produce secondary metabolites.
Thus, obtaining a suitable callus for a particular purpose is necessary, such as for
continuous growth, long-term storage, or for use as raw material for the production of
cell suspension.

A compound of 2,4-Dichlorophenoxyacetic (2,4-D) is an auxin commonly applied
to induce callus growth. This compound can revert cells into a dedifferentiated state
and then start to divide. Meanwhile, Benzylaminopurine (BAP) is a synthetic cytokinin
that is widely used in plant growth (George et al., 2008). According to Sarker et al.
(2002) in Kumlay & Ercisli (2015), 6-Benzylaminopurine (BAP) has a good influence on
the formation of callus (callogenesis) and of organs in potato plants. When this
compound is used in moderate concentrations, it can also increase the induction of root
propagation. 2,4-D played a role in producing somatic embryos (Zouine & El Hadrami,
2007). However, the use of 2,4-D at high concentrations influenced caulogenesis
induction and accelerated tissue browning. The role of 2,4-D in the induction and
maintenance of embryo growth depends on each type of explant, which has functions
for cell division. On the basis of research conducted by Harahap et al. (2019), the
treatment of growth regulators 2,4-D and BAP could produce two types of callus
textures, namely, compact and friable callus. In 2,4-D treatment, the texture of the
callus was usually more fragile with dark treatment. Furthermore, the use of 2,4-D by
itself produced a callus with a friable structure (Amoo & Aysire, 2005). Our study also
showed that the addition of 2,4-D without BAP will produce a very friable callus, which
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is suitable as raw material for cell suspension (Damayanti et al., 2020). Hence, in this
study, we used a basal medium with three different concentrations and combinations
of growth regulators, namely, 2,4-D:BAP (2:0 ppm), 2,4-D:BAP (5:0 ppm), and 2,4-
D:BAP (1:0.5 ppm).

Callus subculture is important to maintain the growth and development of callus.
Nakasha et al. (2016) conducted callus subculture of the Musli plant every four weeks
for four cycles in the 2,4-D variation. The result was a significant increase in callus
weight from the first to fourth subcultures. Callus gross weight increased along with the
number of subcultures; the highest callus gross weight was achieved in the fourth
subculture.

Callus subcultured for generations could produce somaclonal variations such as
morphology, cytology, and molecular variations (Larkin et al., 1989; Larkin & Scowcroft,
1981). This somaclonal variation could be caused by genetic mutations (Kaeppler et al.,
2000), which result in the emergence of genetic variations, known as genetic
polymorphisms. Genetic polymorphisms could allow bioactive compounds to be
expressed differently (Forrester et al., 2015) so that they might be able to interfere
with the quality of callus production. Producing callus with genetic stability in each
generation is important.

In this study, genetic stability analysis was carried out using the inter simple
sequence repeats (ISSR) method with several primers referring to research by
Munankarmi et al. (2018). ISSR uses genetic markers that will stick to repeating
nucleotide regions that have microsatellite motifs (Tautz & Renz, 1984). ISSR has also
been proven to be able to detect and analyze genetic diversity in plants whose genome
sequences are unknown (Motley et al., 2006). Therefore, the objective of this study is
to determine the phenotype and genotype of kaffir lime callus grown on a medium with
a combination of growth regulators 2,4-D and BAP among three generations.

MATERIALS AND METHODS

Sampling

Kaffir lime (Citrus hystrix DC.) fruits were picked in Kaliduren Village, Borobudur
District, Magelang, Central Java, Indonesia. Only fresh fruits with a diameter of
approximately 5-6 cm and the seeds diameter of 1-2 cm were used in this study.

Callus induction

We used solid Murashige and Skoog (MS) medium. The composition of MS medium
includes macronutrients (NH4NO3, KNO3, CaCl2.2H20, MgS04.7H20, and KH2PO4), iron
(Na2EDTA and FeS04.7H20), micronutrients (MnS04.H20, ZnS04.4H20, H3BOs, KI,
NaMo004.2H20, CuS04.5H.0, and CoCl..6H20), vitamins (glycine, nicotinic acid,
pyridoxine HCI, and thiamine HCI), myo-inositol, sucrose, and agar. Medium pH was
adjusted to 5.8 (Murashige & Skoog, 1962). This basal medium was added with a
combination of various concentrations of 2,4-Dichlorophenoxyacetic (Sigma-
Aldrich):BAP (Benzylaminopurine) (Sigma-Aldrich) hormones. The concentration of
growth regulators was based on previous studies, in which we tried several
concentrations of 2,4-D and BAP (Tunjung et al., 2020; Tunjung et al., 2018) and
several concentrations of 2,4-D (Damayanti et al., 2020). Hence, in this study, we
focused only on three concentrations of 2,4-D: BAP namely 1:0.5, 2:0 and 5:0 ppm.
Also, we revealed that without the addition of growth regulators (MS medium only),
kaffir lime seeds will germinate and callus did not form (Tunjung et al., 2020). Thus, in
this study, we did not culture callus without growth regulators. The seeds were sterilized
by soaking them in 5.25% NaClO (Sigma-Aldrich) while being shaken gently for 5
minutes under aseptic conditions so that the seeds did not become contaminated
(Tunjung et al., 2020). The seeds were sliced to create a wound on the surface and then
sowed in a culture bottle that contained solid MS medium. Next, the cultures were stored
in an incubation room under dark condition at a temperature of 25°C and approximately
50% humidity.
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Observation of callus growth parameters
The explants were observed with the following callus growth parameter variables:

Callus induction time
Callus induction is characterized by the growth of cell mass on the surface of the
injured seed. The time of appearance of the cell mass is recorded as callus induction
time. Callus was observed macroscopically and microscopically every day. We used nine
replicates, and the obtained data were processed using SPSS software with ANOVA
analysis and continued with the DMRT test at 95% if a significant difference was
observed. The results were displayed in tables.

Growth curves
Calluses were weighed every five days to measure gross and dry weight until they
became completely brown and dying (approximately on day 50). Then, the data were
plotted to obtain the callus’s growth pattern on the experimental medium, which
represents lag, exponential, and stationary phase. Each group underwent three times

of nine replications.

Callus morphology
Callus morphology was observed through changes in texture, color, and shape of
the callus. The texture level of callus friability was examined by tipping the callus by
using a forceps. Callus color was confirmed by using the Royal Horticultural Society color
chart. We also captured the callus image to represent the shape of the callus during
growth, because the callus had an irregular structure affected by an irregular pattern of
cell differentiation. Each group underwent three times of nine replications.

Subculture

In accordance with the callus growth curve data, we subcultured the GO callus in
the exponential phase (day 25). The medium used for subculture was the same as that
used during callus induction, namely, solid MS medium with the addition of 2,4-D: BAP
1:0.5, 2:0, 5:0. After the GO callus reached the exponential phase, we subcultured it to
G1 (day 20). Callus without BAP is already very friable and fragile. Thus, it should be
we cultured the callus only until the third generation (G2). Each group underwent at
least three times of nine replications.

DNA extraction and PCR amplification

Callus on the exponential phase of every generation was subjected to ISSR
method, namely, GO (day 25), G1 (day 20), and G2 (day 20). DNA isolation was carried
out using the Promega kit following the protocol from Promega Corp with minor
modification. We isolated DNA from nine calluses of each group as replication. The
concentration of extracted DNA was first equalized to 70 ng/uL. DNA was amplified using
five markers: UBC 810, UBC 812, UBC 836, UBC 842, and UBC 857 (Munankarmi et al.,
2018). According to Munakarmi et al. (2018) these five primers have the highest percent
of polymorphism and polymorphism information content rates among 21 primers used
to analyze polymorphism in 60 cultivars of Citrus aurantifolia. Although we used
different species, on the basis of a study by Penjor et al. (2013), our sample, Citrus
hystrix, has the closest relation with Citrus aurantifolia. Hence, we used these five
primers to examine dgenetic stability in callus. Furthermore, we used trnL-F as
housekeeping gene. The PCR program involved denaturation for 1 cycle at 95°C for 2
minutes, a second round of denaturation at 95°C for 30 seconds, annealing at a certain
temperature depending on the primer used for 30 seconds, elongation at a temperature
of 72°C for approximately 1 minute and 30 seconds, and a second round of elongation
at a temperature of 72°C for 5 minutes. DNA fragments were separated on 1.5%
agarose gel by using ethidium bromide staining at a current strength of 100 volts for
approximately 28 minutes. Finally, DNA band visualization was performed using a UV
transilluminator, then the DNA band was scaled based on the presence or absence of
DNA bands in each sample. The DNA band that was formed was considered as 1
character, which represents 1 DNA locus. DNA bands with the same migration rate were
assumed to be homologous loci.
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Table 1. Sequences and annealing temperature of the primers.

Primer Primer Primer Annealing
Primer Sequences (5'-3’)
Code length Temperature (°C)
UBC 810 GAGAGAGAGAGAGAGAT 17 446
UBC 812 GAGAGAGAGAGAGAGAA 18 476
UBC 836 AGAGAGAGAGAGAGAGYA 18 436
UBC 842 GAGAGAGAGAGAGAGAYG 18 421
UBC 857 ACACACACACACACACYG 17 421
Trnl-F Forward: 5 'CGAAATCGGTAGACGCTACG 58

Reverse: 5' ATTTGAACTGGTGACACGAG

RESULTS

Callus initiation time

The time when callus began to appear was recorded as the callus initiation time

(Table 2).
Table 2. Callus initiation time of three variations of growth regulator concentration in MS
medium.
MS Medium + Callus Callus
Growth initiation time initiation time
Number regulators (days) Picture (days) Picture
(2’(4;');“31‘)“,) (microscopic) (macroscopic)
1 1: 0.5 3.44 £ 0.73° 7.78 +0.83°
2 2: 0 3.89 £ 0.78? 8.44 + 0.88°"
3 5:0 3.44 £ 0.52° 7.78 £ 0.83°

§

Note: Numbers followed by the same letter notation in different columns show that no significant results exist based on the one-way ANOVA test
at the significance level a < 0.05. n = 9 callus. Red circle shows callus initiation.

CMUJ. Nat. Sci. 2021. 20(3): 2021067




Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th 6l

All variations of growth regulators could induce callus by 100%, with no significant
difference in callus induction time. This result is identical to our previous result (Tunjung
et al., 2020), namely, the addition of 2,4-D and BAP can 100% induce callus from seed
100%, whereas the seed will undergo germination without growth regulator. Table 2
shows that callus was detected microscopically on day 3.44, 3.89, and 3.44 for the
group of MS with 2,4 D:BAP 1:0.5, 2:0, and 5:0 ppm, respectively. Callus was detected
macroscopically (aided vision was not needed) on days 7.78, 8.44, and 7.78 for the
group of 1:0.5; 2:0, and 5:0, respectively. Callus of group 2,4-D:BAP 5:0 ppm and 2,4-
D BAP 1:0.5 shows the same initiation time possibly because the higher concentration
of 2,4-D will quickly initiate the formation of callus. The appropriate ratio of 2,4-D and
BAP can also accelerate the initiation of callus formation. The presence of cytokinins
affects the callogenesis process by reducing cell wall lignification and assists callus
initiation and callus growth in vitro. After being observed, callus proliferation usually
starts from the cut surface of the explant until it covers the entire explant (Kumlay &
Ercisli, 2015).

Callus growth curves

The gross and dry weight were measured to create the growth curve until the 50t
day for several generations, namely, GO; G1 or generation 1, which comes from
subculturing GO; and G2 or generation 2, which comes from subculturing G1. Each
generation was inoculated in MS medium with a combination of growth regulators 2,4-
D:BAP at concentrations of 1:0.5, 2:0, and 5:0.
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Table 3. Growth curve of three generations of kaffir lime callus culture based on gross and dry

weight.
Gene- Gross weight Dry Weight
ration 05
0 . 0.14
= 04 012
= = 91
= "
© 03 © 0.08
[ =
E 0.2 % 0.06
w w 0.04
= 01 =
o 0.02
0 0
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
TIME (DAYS) TIME (DAYS)
== 1 ppm : 0,5 ppm 2 ppm : 0 ppm == 1 ppm : 0,5 ppm 2 ppm :0ppm
=@—5 ppm : 0 ppm =@—5 ppm : 0 ppm
1 0.35 0.035
. 0.3 0.03
=
2 0.25 2 0.025
o o
© 0.2 © 0.02
T 015 £ 0.015
2 Q
w01 w  0.01
= =
0.05 0.005
0 0
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In accordance with the growth curve data, we summarize the growth phase in
Table 4.

Table 4. Growth phase among generations and concentrations of growth regulators.

Generation 0 Generation 1 Generation 2

Growth phase 1:0.5* 2:0  5:0  1:0.5 2:0  5:0  1:0.5 2:0  5:0

Lag Phase(Day-) 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10
Exponential Phase(Day-) 10-35 10-35 10-35 10-30 10-30 10-30 10-30 10-30 10-30
Stationary Phase (Day-) 35-50 35-50 35-50 30-50 30-50 30-50 30-50 30-50 30-50

Note: *Ratio of growth regulator 2,4-D: BAP

According to growth curves, the variation of growth regulator concentration in one
generation did not show the time difference in each phase. However, the time difference
was observed in the varied generations. The exponential phases of G1 and G2 were
faster than that of GO. Moreover, the stationary phase of G1 and G2 callus was earlier
than that of GO.

Callus growth and development can also be seen through its biomass. Callus
biomass contains several cell aggregate sizes, where the aggregate cells size can
produce bioactive compounds that affect callus biomass. The cell aggregate is obtained
from cell suspension. Haida et al. (2019) found that an increase in aggregate cells size
can cause an increase in callus biomass. Table 3 shows that the gross and dry weight
of callus with BAP addition was higher than that without BAP addition. According to
Criado et al. (2009), BAP can also increase protein levels in older leaves by preserving
protein synthesis and suppressing the decrease in protein levels even though the plant
is under stress. The use of BAP also causes a decrease in cell wall lignification so that
it results in callogenesis and helps in callus initiation and growth in vitro (Kumlay &
Ercisli, 2015).

Callus morphology

The morphological parameters, including color and texture, of the callus are shown
in Table 5.

Callus inoculated on medium enriched with 2,4-D: BAP 1:0.5 showed a friable
texture and was larger than that without BAP addition. This type is more suitable for
growth (continuous subculture) or long-term storage because the callus texture is more
compact. Without BAP, the callus is very friable/fragile and easy to separate, thereby
making it suitable as a raw material of cell suspension because not much cell debris
remains. The junction of each cell is also tenuous. At a higher concentration of auxin,
the callus that is formed also more strongly exhibits a friable texture. This finding is
supported by Harahap et al., (2019), who stated that the callus with 2,4-D treatment
(auxin group) had a more friable texture.
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Table 5. Callus morphology of three generations of kaffir lime.

Ratio Generation 0 (Day 25) Generation 1 (Day 20) Generation 2 (Day 20)

(2,4-D:

BAP)

1: 0.5
Color: 142 C (Light Yellow Color: 150 C (Brilliant Yellow  Color: 151 C (Strong
Green) Green) Greenish Yellow)
Texture: 44.4% callus (+), Texture: 55.5% callus (+), Texture: 100% (+++)
55.56% callus (++) 11.1% callus (++), 33.3%

callus (+++)

2:0 7
Color: 142 D (Light Yellow Color: 160 C (Pale Greenish Color: 162 C (Light Yellow)
Green) Yellow) Texture: 100% (++++)
Texture: 44.4% callus (+), Texture: 66.6% callus (++),
33.3% callus (++), 22.2% 33.3% callus (+++)
callus (+++)

5:0
Color: 142 D (Light Yellow
Green) (g Color: 160 B (Light Yellow) Color: 162 C (Light Yellow)
Texture: 22.2% callus (++) Texture: 55.5% callus Texture: 100% (++++)
dan 77.7% callus (+++) (++),44.4% callus (+++)

Note:

Scoring for texture:

-: no callus has appeared yet

+: the texture is compact

++: the callus spreads to all parts and the texture is less compact
+++: callus mass dominates explant mass and friable texture
++++: callus texture is very friable and fragile

Genetic stability
Five ISSR markers were used. Each marker resulted in a different number of DNA
bands referred to different attachment sites of primer in DNA.
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Figure 1. Electrophoresis of PCR products of kaffir lime callus culture from
three generations and three variations of growth regulator concentration
using primers A) UBC 810, B) UBC 857, C) UBC 842, D) UBC 836, E) UBC 812,
and F) Trnl-F. (Note: GO: generation 0, G1: generation 1, G2: generation 2. 1:0.5; 2,
and 5 show the concentration of growth regulators used on the medium.)

Table 6. Number of DNA bands of kaffir lime callus from three generations of all

variations of growth regulator concentration.

Number of Number of Percentage of
Primer Code Number of DNA Bands monomorphic polymorphic polymorphism
GO G1 G2 bands bands

UBC 810 8 8 8 8 0 0%
UBC 812 6 6 6 6 0 0%
UBC 836 12 12 12 12 0 0%
UBC 842 12 12 12 12 0 0%
UBC 857 7 7 7 7 0 0%

Figure 1 shows the electrogram of the ISSR primer. Primer UBC 810 has an
amplicon size range of 390-1200 bp, UBC 812 has a size of 300-1500 bp, UBC 836 has
a size of 320-2500 bp, UBC 842 has a size of 400-2000 bp, and UBC 857 has a size of
300-1500 bp. Table 5 and Figure 1 show that all primers produce monomorphic bands

CMUJ. Nat. Sci. 2021. 20(3
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and no polymorphic band is detected. The amplified DNA shows that the patterns and
numbers of bands are the same in all generations and variations of growth regulator
concentration treatments. DNA bands also showed the same locus in all treatments.
This phenomenon indicates that the DNA bands of callus with different growth regulator
concentrations showed genetic stability among generations.

DISCUSSION

The objective of this study is to obtain a suitable callus for a particular purpose,
such as for continuous growth or long-term storage. Furthermore, a callus can be used
as raw material for the production of cell suspension. The cell suspension can be elicited
and subjected to traditional medicine or pharmaceutical uses.

The growth curve pattern of callus was different in varied generations. The
exponential phases of G1 and G2 were much faster than that of GO. However, callus
growth patterns did not differ in various concentration treatments. The morphology,
texture, and color of callus were influenced by different generations. The color turned
into yellow with the further generation of callus. During callus induction, different callus
colors will appear in an in vitro culture. Callus color indicates a change in pigmentation,
which contains bioactive compounds. Green callus contains high bioactive compounds,
antioxidants, and cytotoxic potential (Ashokhan et al., 2019; in Ashokhan et al., 2020),
whereas brown callus indicates exposure to a 2,4-D hormone that has changed into an
auxinic herbicide. Brown callus indicates a stress condition on the callus and the ease
of the morphogenic response (Mithila and Hall, 2005; Shibli et al., 2001; in Kiong et al.,
2007). A white color indicates that the callus will die soon (bleaching) (Sulistiani et al.,
2012). The yellow color of callus during the culture process indicates that red
pigmentation is contained in the growth regulators used in the medium (Comia-Yebron
et al., 2017). The color of the tested callus may vary from day to day because it
corresponds to the response of the callus in a medium used for several days. The callus
turned brown and died after about 30 days of testing (Cai et al., 2013). The generation
also caused more friable callus than the previous generations. This condition could be
caused by repeated subculturing on the same medium.

Callus size is influenced by variations in the growth regulators. Callus with BAP
addition (2,4-D:BAP 1:0.5) had a bigger size than that without BAP addition (2,4-D:BAP
2:0 and 2,4 D:BAP 5:0) due to the presence of BAP. Skoog and Miller (1950) in Haberer
& Kieber, (2002) revealed that the presence of auxin and cytokines in the medium could
stimulate cells, namely, parenchymal tissue cells, to divide. Cytokinins have been known
to play an important role in almost all aspects of plant growth and development,
including cell division, initiation, and growth of shoots.

A higher concentration of auxin resulted in the callus becoming more friable. Auxin
in the form of 2,4-D can increase osmotic pressure and cell permeability to water, reduce
pressure on the cell wall, increase protein synthesis and plasticity, and develop cell walls
(Robles-Martinez et al., 2016). Auxins play a role in cell wall loosening and cell
expansion by modifying cell wall composition. Auxins activate gene expression,
stimulating proton pumps so that the apoplasts become acidic. Auxins also activates the
plasma membranes of H + -ATPases, which create an acidic apoplast environment. In
this acidic environment, the active wall proteins become loose and large. This condition
causes calcium to be active, thereby pumping calcium into the cell wall, increasing pH,
and halting growth (Nishitani et al., 1981; Perrot et al., 2010; Ren et al., 2015; in Majda
& Robert, (2018). The cell wall eases because a low pH activates an enzyme that breaks
the bonds between the limiting polysaccharides in the cell wall, and then the cell will
grow faster because of increased turgor pressure (Govinden-Soulange et al., 2009)

Hence, the variation of growth regulator concentration will be suitable for different
purposes. Callus in 2,4-D:BAP 2:0 medium is best used for cell suspension because of
the friable texture of the callus. The suspension was used for elicitation and can be used
to increase the contents of secondary metabolites in kaffir lime culture. Callus in 2,4-
D:BAP 1:0.5 medium is good for long-term storage because the callus texture is
compact, the color is still green, and the callus size is larger than that in the BAP-free
medium. A callus that was stored in the long term can be used as a stock. Our results
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are supported by Amoo & Ayisire, (2005), who revealed that the use of a combination
of 2,4-D and BAP as a whole produces more friable callus, especially at the top of the
callus, with a slightly compact structure at the bottom. Furthermore, the use of 2,4-D
0,4 mg/L solely in the callus induction of Parkia biglobosa (Jacq) Benth woody plants
produced callus with a friable structure. These results show that the addition of BAP
made the callus less friable compared with callus in medium without BAP (Amoo &
Ayisire, 2005).

The production of secondary metabolite using plant explants requires standardized
conditions. One of the conditions is that the quality of callus must be the same,
especially its genetic characters. This feature is crucial because of the possibility that
genetic characteristics will change due to the length of culture time. Moreover, chemical
compound such as growth regulator can act as mutagen. Therefore, the genetic stability
of explants needs to be determined in callus subculture in several generations and
various growth regulator treatments. One objective of this study is to reveal that the
callus used for the production of secondary metabolites is genetically stable. The ISSR
primer is based on a study conducted by Munankarmi et al. (2018). The ISSR marker
was also suggested by Shahsavar et al. (2007), who tested 33 genotypes of Citrus spp.,
and Fang and Roose (1997), who tested it using 68 cultivars of Citrus spp. In this study,
we used kaffir lime seeds from the same cultivar and grown in the same location. The
genetic stability of this microsatellite region of the callus could be characterized by using
the ISSR method.

According to our data, growth regulators cause morphological differences, such as
color, texture, and size, but not on a genetic level. Callus from a combination of auxin
and cytokinins has a greener color. This finding is supported by a previous study that
found that the presence of cytokinins can assist the formation of chlorophyll (George et
al., (2008); in Sari et al., 2018). Furthermore, a medium with 2,4-D alone produces
callus with a more friable texture than the combination medium because 2,4-D can
increase the plasticity of the cell walls to become loose, which causes water to easily
flow to the inner cells by osmosis so that the cells become elongated (Robbiani et al.,
2010 in Sari et al., 2018). The genotype-level callus of kaffir ime seeds showed a stable
characteristic in all treatments. Although we used synthetic growth hormone, the
concentrations of the growth regulator that we used were not affected at the genetic
level. The results also showed the genetic stability of callus until the third generation.
The effect of growth regulator and generation on the production of bioactive compounds
in callus needs to be elucidated and investigated further.

CONCLUSION

No significant difference in callus initiation time was found in all treatment groups.
Morphological characteristics, including color, texture, and biomass, varied among growth
regulator concentrations and generation level. With a higher level of callus generation,
the texture became more friable and the callus became more yellowish. Callus grown with
the addition of 2,4-D and BAP 2:0 and 5:0 showed a more friable structure and yellowish
color than that grown with 1:0.5. Hence, adjusting the concentration or combination of
the growth regulator will produce callus that meets our needs. Growth regulator
concentrations in each generation did not affect the callus growth curves, but the length
of each phase between generations was different. Despite slight differences in phenotype,
kaffir lime calluses were genetically stable among generations and variations of growth
regulator concentration treatments.
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