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Abstract. Plant callus extracts are potential to be developed as ingredient in skincare products. Tomato callus is supposed to contain
protein-derivatives and or other components such as secondary metabolites that play a role in skin regeneration. Therefore the produc-
tion of calli is important to be studied for callus sustainable supply. This research aims to obtain optimum medium for callus induction
and to analyze tomato callus development anatomically. In vitro culture response was assessed in tomato plant (Solanum lycopersicum
L. ‘Permata’) for optimum callus induction. Seeds were grown on ¥ MS medium for 10-15 days. Hypocotyl was excised and cultured
on MS medium + 2 mg/l 2,4-D for 15 days as the explants for callus induction. Callus was transferred to MS medium with 8 variations
of PGRs including the combination of BAP + NAA, and 2,4-D. Both fresh and dry weight was measured every 5 days over 60 days to
establish the growth kinetics and growth efficiency of callus. Anatomic characters of calli were examined through paraffin-embedded
method. The result showed of MS medium supplemented with 2.0 mg/l NAA and 0.2 mg/l BAP is optimum for tomato callus induction,
based on highest number of the absolute growth rate on fresh weight (73.77% per day), dry weight (3.84% per day), and callus initiation
time (5.56 days) achieved by the medium. Cells in the ground tissue of tomato hypocotyl are competent to be dedifferentiated into a
callus. This research results were expected to find out suitable methods for tomato callus production in preparation for skincare uses.
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INTRODUCTION Tito et al. (2011) reported that tomato cell culture
extract contains antioxidant compounds such as fla-
Secondary plant products have been considered  vonoids, hydroxycinamic acid, glycoalkaloid, phenol-
as one of the main sources of pharmaceuticals, flavor, ic acid, and terpenoids. This extract also contains
agrochemicals, nutrition, and industrial biochemical.  phytochelatins for the protection of skin cells towards
Production of plant secondary metabolites including heavy metal toxicity. Previous studies have found that
how their biosynthesis and how to improve the prod- tomato callus extract has cytoprotective activity in
ucts by in vitro culture technologies have been exten-  preventing H,O,-induced on Vero and Human Dermal
sively studied since the 1960s (Bourgaud et al., 2001).  Fibroblast adult (HDFa) cells and inhibiting cell death
Plant cell cultures have been widely known as tech-  (Hana, 2016; Prastowo, 2017; Utama, 2018; Dewi,
nique for accommodating the production of large- 2018; Rumiyati et al., 2018). This extract is rich in
scale high-value metabolites by cost-effective using a  polyphenols and flavonoids with low antioxidant ac-
bioreactor (Georgiev et al., 2009). tivity, or much lower than tomato fruits (Hana, 2016).
Callus formation from the primary explant has al- Tomato callus is also predicted to contain protein-
ready known as an effective culture method. Callus  derivatives that play a role in cell regeneration
cultures can be sub-cultured to another medium to  (Rumiyati et al., 2018).
form organogenesis, embryogenesis, cells suspension The establishment of an efficient tomato callus
in batch culture, or to maintain as callus (Cardoza, production is important due to its development for
2016). Callus is a wound covering tissue, proliferated  nutraceutical products or other purposes. General
cells from a cut region of explant, caused by an infec-  concessions that stated if cytokinin and auxin are
tion of pathogens, or induced by plant growth regula-  added in intermediate ratio concentrations into the
tors (Smith, 2012; Ikeuchi et al., 2013). Callus is gen-  basal medium will induce callus, as described by
erally formed to be friable, hard and compact, vacuo-  Skoog and Miller (1957) has changed a lot (Ikeuchi et
lated cells that are highly differentiated, contain re- al., 2013). The type and optimal concentration of
gions of small meristematic cell clusters but unor- PGRs are related to the variety of tomatoes and the
ganized (Efferth, 2018).
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source of the explants used. Studies showed a diverse
result, either using 2,4-Dichlorophenoxyacetic acid
(2,4-D), 1-Naphthaleneacetic acid (NAA), and 6-
Benzylaminopurine (BA) as a single dose, or as a
combination with a higher or lower BA, has the same
potential to optimize tomato callus induction (Osman
etal., 2010; Jan et al., 2015; Shah et al., 2015).

This research aims to obtain optimum medium for
callus induction and to observe tomato callus devel-
opment anatomically. Therefore, the concentration of
PGRs needs to be optimized against tomato (Solanum
lycopersicum L.) ‘Permata’, superior local cultivars
that are most responsive to callus induction (Rumiyati
et al., 2017). In the future, this tomato callus culture
method is possible to be used for the large production
and to standardize its active ingredients in callus
production.

METHODS

Plant materials

Seeds of cultivar of tomato ‘Permata’ were pur-
chased from East-West Seed Indonesia Ltd. The seeds
were sterilized in 30% solution of bleach containing
5.5% (w/v) of sodium hypochlorite for 5 minutes and
continued with rinsing in sterile distilled water (3
times for 1 minute). Subsequently, they were surface
sterilization in 70% (v/v) ethanol for 1 minute. Next,
they were washed in sterile distilled water (3 times for
1 minute). The surface-sterilized seeds were inoculat-
ed on % strength MS medium to germinate and incu-
bated for 10 days.

Callus induction

Ten days old in vitro grown seedlings were used as
the source of explants. Hypocotyl was excised about 1
cm and planted on basal Murashige & Skoog (1962)
(MS) medium (3% sucrose, 0.65% agar) supplement-
ed with 2 mg.I" 2,4-D for 15 days. Grown callus was
sub-cultured on a fresh medium containing 8 varia-
tions of PGRs concentrations (Table 1.) for the next
60 days. On the other hand, hypocotyls were planted
in 8 variations of PGRs concentrations (Table 1.) to
observe the respond and the formations of callus. For
all media used, the pH of the medium was adjusted to
6.0 before sterilized in an autoclave (121° C, 15 psi,
15 minutes). Cultures were kept in an incubation
room at 24 + 2°C under continuous light conditions
(3,000 lux, approx.).

Histological examination of callogenesis

The callus at different ages was used, i.e. 1%, 6™,
12" 16™ 18", and 24™-day culture. The samples were
fixed in a standard fixative Formalin-Aceto-Alcohol
(FAA) solution. Fixed materials were dehydrated
serially using xylol and alcohol, which take out the

36

water in the samples. Paraffin wax was used for infil-
tration and embedding. Uniformly thin sections of 10
um thickness were cut using a rotary microtome. Saf-
ranin 1% stain was used to staining cell walls.

Table 1. Variation in concentration and type of PGRs
for callus propagation (mg.I™)

Treatments BA NAA 2,4-D
CIMO - - -
CiM1 0.5 0.5 -
CIM2 2.0 2.0 -
CIM3 0.2 2.0 -
CIM4 2.0 0.2 -
CIM5 - - 1.0
CIM6 - - 15
CIM7 - - 2.0
CIM8 - - 2.5

CIM = callus induction medium

Data Analysis

Both fresh and dry weight is measured every 5
days in 60 days, the data were plotted to establish
growth curve. Growth index (Gl), absolute growth
rate (AGR), specific growth rate (SGR), and doubling
time (DT) formulas are used to measure the growth
efficiency between treatments (Loyola-Vargas &
Vazquez-Flota, 2006). Data were analyzed in
ANOVA and comparisons between treatments were
made with Duncan’s multiple range test at a = 0.05.
Data presented as average + standard error (SE).

RESULTS AND DISCUSSION

Callus Initiation

Swelling explants were observed within 5-8 days
in all media, while the formation of callus was initiat-
ed within 5-13 days. In this experiment, hypocotyls
explants were used because some previous studies
reported that these explants were superior (produced
more callus) compared to cotyledon, which is often
used as an explant for plant regeneration in different
tomato cultivars (Osman et al., 2010; Yasmeen, 2009;
Ali et al., 2012; Gerzberg et al., 2016).

The shortest callus induction time observed in
CIM3 while the longest was in CIM6. Callus was
directly grown on both cutting sites of hypocotyl,
where those two cutting areas become blackish. It
should be noted that this observation is based on visi-
ble signs on the explant surface, it is possible that the
callus may be developed earlier in the parenchymal
tissue that was not observed macroscopically. Callus
induced by a combination BA and NAA produced
green callus with compact texture (Figure 1A), while
2,4-D presented a pale yellow color and produce
friable calli (Figure 1B).
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Figure 1. Responses of hypocotyl explants with vari-
ous PGRs concentrations on MS medium. (A) MS +
combination of BA and NAA; (B) MS + 2,4-D; (C)
MSO0. Callus growth data were taken at 10, 20, 30,
and 40 days after explant plantation on medium. Scale
bars=1cm

No callus formation observed on hormone-free
medium, but there is a massive root formation that
occurred (Figure 1C). After 10" days, root length
could reach more than 2 cm. Root formation in toma-
toes does not demand any exogenous PGRs because
of the endogenous auxins content was relatively high
(Rashid & Bal, 2010; Bahurupe et al., 2013; Jehan &
Hassanein, 2013). Nevertheless, the majority of the
rooting cases promotes by the high ratio of auxin-to-
cytokinin or auxin alone (Skoog & Miller, 1957).

2,4-D is known to induced callus formation by
mimicking the action of the auxin and revert the cells
back into the meristematic state, called dedifferentia-
tion, and begin to proliferate (George et al., 2008).
For callus induction, 2,4-D commonly used as a sin-
gle dose, while the other auxin such as NAA has to be
combined with cytokinin to get a good result. A com-
bination of cytokinin and auxin, i.e BA and NAA or
IAA, have been widely used to generate callus for-
mation, although the mechanism of this combination
to promotes callus formation is still unclear. Both
cytokines and auxins as a single-use could work syn-
ergistically as a signal to activate genes responsible
for callus formation (Ikeuchi et al., 2013). 2,4-D usu-
ally produced friable callus for cell suspension cul-
ture, while auxin-cytokinin produced higher callus
biomass with compact texture for explant organogen-
esis. The in vitro morphogenetic responses of plant
callus induction is affected by different components
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of the culture media and plant growth regulators (Gu-
bis et al., 2004).

Histological Analysis

Callus growth occurs at the back of the explant
cutting area which may be due to cells in the former
truncation experiencing death, or in some other cases
appearing at both ends of the explant (Figure 2B).
Samples collected at 12 days showed the emergence
of adventitious root primordia at parts close to both
ends of explants. This is because the distribution of
the absorbed hormones may differ between regions
near the injury that first form the callus compared to
the middle of the explant. The emergence of adventi-
tious root primordia (Figure 2C) in early callus devel-
opment in CIM3 may be due to the concentration of
NAA which is 10 times higher than BAP, and this is
in accordance with the statement of Skoog and Miller
(1957) where high concentrations of auxin cause root
emergence. But this organogenesis stops when cells
turn into callus.

It is well known that callus cells are thought to be
a differentiation from parenchymal cells (Zhu, 2017),
but studies on Arabidopsis, buds or roots incubated in
a medium containing a combination of cytokinins and
auxins form more callus and begin in deeper tissue,
namely pericycle xilem-pole (Atta et al., 2009). Peri-
cycle xilem-pole cells are cells in the perisicle adja-
cent to the protoxylem-pole of a vascular bundle.
Perisicle cells adjacent to other xylem cells in vascu-
lar bundles are not considered pericycle xilem-pole
cells. Pericycle xilem-pole cells can maintain some
meristematic activity, including as a place for lateral
root initiation (Parizot et al. 2008). In this study, due
to the development of the pericycle xilem-pole, the
spiral tracheids spread because of the pressure of cell
division along with callus development (Figure 2E).
Parenchymis cells in explants also develop during
callus formation (Figure 2E,F).

Hypocotyl-derived callus life cycle builds sigmoid
curves, contained lag, exponential, linear, progressive
deceleration and stationary phases (Figure 3). Growth
curves were plot based on fresh and dry weights.
Plant cells enter the lag phase (adaptive period) start
from 5-15 days, it was faster than that by using 2,4-D
supplemented medium. Cell diameter and density
decreased, while intensive cell division occurred at
the end of the phase (Mendonga et al., 2012). A sig-
nificant increment growth (exponential phase), as the
period of maximum cellular division and cell growth
rate, occurred between 15-30 days on BA-NAA sup-
plemented medium and 5-10 days on 2,4-D supple-
mented medium. The cells subsequently enter a phase
of constant growth (linear phase) during about 15
days with BA-NAA supplemented medium and only
5 days on the 2,4-D medium. In this period the cellu-
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lar division was decreases, density and volume of the
cells were constant (Mendonga et al., 2012). The
primary metabolites also produced continuously
during the exponential and linear phases of growth
(Prins et al., 2010).
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Figure 2. Histological observation of tomato callus
development on CIM3. (A) Hypocotyl as explants;
(B) Swelling at the hypocotyl cut end, age 6 days
after planting; (C) Adventitious roots appear on the
12" day; (D) On the 16" day, the tip of the explant is
increasingly swollen and the lateral root experiences
structural thickening; (E) Day 18, Callus cells pres-
surize vascular tissue; (F) Day 24, callus cells domi-
nate and show an amorphous structure and disor-
ganized distribution.
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Figure 2. Growth curve indicating the growth change
of callus. | — lag phase, Il - exponential phase, Il —
linear growth phase, IV — progressive deceleration
and V — stationary phase. FW = fresh weight, DW =
dry weight.
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The next transient phase is short, with each treat-
ment average during only 5-10 days. Continued con-
sumption of the limiting nutrient causes a progressive
decrease in cell growth rate (progressive deceleration
phase). If there is no nutrient renewal, the cells will
enter the stationary phase which will continue to the
cell death phase. In this phase, the biomass is still
increasing, but the rate of cellular division is reduced
and the cell number is remain standstill (Moscatiello
et al., 2013). It caused by depletion of nutrients and
reduction of the O, amounts inside the cells (Smith,
2012). During this phase, secondary metabolites
compounds, the end products of primary metabolites
increase correlating with cell death and may become
toxic (phenols containing) to the cells (Smetanska,
2008).

Growth Efficiency
Growth index and doubling time

Both fresh and dry weight are measurements of
absolute biomass at the time of sampling, it can be
hourly, per day, or per 5 days as in this study. No
standard references to actual growth efficiency are
considered. The growth index is calculated as the
ratio of the initial and accumulated biomass (Loyola-
Vargas & Vazquez-Flota, 2006). The highest growth
indexes for callus fresh weight obtained on CIM3 was
39.10 + 15.64 and minimum GI was observed on
CIM7 (2.79 + 0.43) (Figure 4A).

Doubling time (DT) is the time required for a
quantity of the biomass of callus to double (Hitchcock
etal., 2017). DT can be calculated using a growth rate
trend, natural logarithmic from 2 per specific growth
rate. The existence of a mean tomato callus DT in
cultures does not imply that each cell in the proliferat-
ing callus, divides with the same constant DT. In cal-
lus mass, certain cell groups may grow faster than
others. Based on Figure 4B, doubling time of FW on
CIM2 is the highest, 5.42 + 0.62 days, while in FW,
i.e. on CIM1 (3.52 + 0.12 days).

Growth rate

The absolute growth rate is the simplest index of
growth analysis, a rate of the change either increment
or decrease in size per unit time (Hunt, 2012). Medi-
um with combinations of BA + NAA has AGR that is
much higher than the medium with 2,4-D. Highest
value in FW and DW are on CIM3, i.e. 73.77 £ 2.25
mg.day™ and 3.84 + 0.05 mg.day™ (Figure 5 A, B),
respectively. The rate of specific growth is measured
when the population density reaches one-half of the
carrying capacity and during this period, the increase
in the cell population fits a straight-line equation
(Pommerening and Muszta, 2016). In medium sup-
plemented with 2,4-D, cell growth during the expo-
nential-linear phase occurs rapidly, clearly shown
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through the dry weight. In SGR parameter, the high-
est value of FW on CIM6 is 12.92 + 2.77 mg.day™
(Figure 5C) while on DW is on CIM1 is 19.75 + 0.68
mg.day™ (Figure 5D).
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Figure 4. Growth index (A) and doubling time (B) on
tomato callus. FW = fresh weight, DW = dry weight
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Flgure 5, Absolute growth rate (AGR) and specmc
growth rate (SGR) on tomato callus. (A) AGR on
fresh weight; (B) AGR on dry weight; (C) SGR on
fresh weight; (D) and SGR on the dry weight
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Based on the growth efficiency parameters, medi-
um supplemented with 2.0 mg.I" NAA + 0.2 mg.I*
BA shows the highest value at induction time, growth
index of fresh weight, absolute growth rate of fresh
and dry weight, and other values that are not signifi-
cantly different from the optimum treatment at each
parameter on tomato callus. Taking measurements on
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the dry weight of the callus by simply comparing the
highest value is not the right thing. Each cell culture
has a life cycle with certain phases that may be faster
or slower than other phases, and this determines when
the cell is harvested, for example, primary metabolites
that should be harvested during the growth phase or
secondary metabolites that are harvested when cells
become stressed. Matters relating to growth efficiency
are important and a correlation between biomass and
the time of its achievement should be noted.

From this research it can be seen that hypocotyl
cells from tomato ‘Permata’plants are potential ex-
plants that can be used to produce callus on MS media
with the addition of 2.0 mg.I-1 NAA + 0.2 mg.l-1 BA.
The optimal laboratory scale induction and production
of tomato callus can be used as a basis for industrial
scale tomato callus production in order to extract sec-
ondary metabolites from the tomato callus for the
manufacture of anti-aging skin care creams.

In the future it is also necessary to confirm the
secondary metabolite content in each growth phase of
callus to ascertain what phase of the tomato callus
should be harvested.

CONCLUSION

This study has revealed that MS medium supple-
mented with a combination of 2.0 mg.I"" NAA and 0.2
mg.I""* BA is the optimum medium for callus induc-
tion of Tomato (Solanum lycopersicum ‘Permata’)
using hypocotyl as explants. Cells in the ground tissue
of tomato hypocotyl are competent to be used for
producing callus.
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