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Bioactive compounds of plant cell culture extracts are currently
being looked at for its potential for the development of
nutraceutical products. Tomato callus is known to have
cytoprotective activity. The availability of explants and its
callus production are two important things. This paper reports
the effect of different strengths of the medium on seed
germination and seedling growth of tomato cv. Permata and
sucrose effects on their biomass callus. Seeds were grown on 4
kinds of germination media. Hypocotyl was taken as explants
for callus induction in Murashige & Skoog (MS) medium
supplemented with 2.0 mg/L 6-Benzylaminopurine (BA) and 0.2
mg/L 1-Naphthaleneacetic acid (NAA), 3% sucrose, and
subcultured after 20 days on medium with 6 variations of
sucrose. The highest values for tomato hypocotyl’s height were
obtained from the % and ¥ MS, while the highest fresh weight
was obtained from the MS 0. Both the fresh weight and dry
weight of the callus increased along with increasing sucrose
concentration. The explant age and biomass need to be a
concern regarding what kind of callus that will be produced.
Application of 5% sucrose concentration is recommended for
callus production in this study.
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Introduction

(PSC) extract has been innovation in

Skin aging has become a serious problem
in the world along with deteriorating
environmental quality that causing an increase
of free radicals and excessive UV light
exposure. The UV radiation is the most causes
of skin aging with formed free radicals. It
causes unsaturated lipids degradation and
changes in the structure of elastins and fibrillar
proteins—collagen (Miastkowska & Sikora,
2018). Product-based on ‘plant stem cells’

cosmetics and regenerative medicine (Morus,
Baran, Rost-Roszkowska, & Skotnicka-Graca,
2014). This term refers to callus, a wound
tissue produced in response to injury that is
generally made up of friable, large, and
vacuolated with highly differentiated and
unorganized cells (Smith, 2012). It can be
used either mass of callus or cell suspension.
Schmid et al. (2008) reported that apple
(Malus domestica) PSC extract can promote
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regeneration of human fibroblast cells and hair
follicles which also postponed the sign of skin
aging. Callus of tomato (Solanum
lycopersicum) has cytoprotective activity by
increasing the viability of Human Dermal
Fibroblast Adult (HDFa) cells (Riastri, 2019).
Both ethanolic extracts are flavonoid-rich and
their aqueous extract is predicted to contain
protein (19-108 kDa MW) that contributes to
induce cell regeneration (Hana, 2016).

Optimization of the medium is one of the
main aspects of the development of callus-
based products. Starting from the medium for
seed germination, induction, until the callus
harvesting process. The most widely used of
the plant culture medium is MS (Murashige &
Skoog, 1962). It has characteristics as a high
salts content in medium (Kumar & Loh,
2012), however, this nutrient of the medium is
not necessarily always optimal for germination
and seedling growth.

Exogenous application of cytokinin and/ or
auxin induces callus in various species of
plants. In the generally intermediate ratio of
both could trigger callus induction (Skoog &
Miller, 1957). In addition to determining the
right balance of giving PGRs, high quality of
callus can Dbe produced by manipulating
nutrient components in the culture medium
(e.g., nitrogen, phosphate, and carbon source)
for the effective production of secondary
metabolites (VanderMolen, Raja, EI-Elimat, &
Oberlies, 2013). Sucrose is mainly supplied
energy source for plant cells. It can be used for
the reduction of potential osmotic of the
culture medium and enhance the production of
secondary metabolites (Naik & Al-Khayri,
2016; Modarres, Bahabadi, & Yazdi, 2018).
Combining the effects of PGR and sucrose
may provide multiple benefits for callus and
its content.

The present study was performed to
evaluate the effects of the strength of solid MS
medium on tomato germination and seedling
development and to provide an initial
overview of how sucrose affects tomato callus
biomass.

Materials and Methods
Plant Materials

Seeds of local hybrid tomato cultivar
Permata were purchased from East-West Seed
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Indonesia Ltd. The seeds were sterilized in
100% solution of commercial bleach
containing 5.25%  (w/v) of sodium
hypochlorite for 5 minutes and continued with
rinsing in sterile distilled water. Subsequently,
the seeds were surface sterilization in 70%
(v/v) ethanol for 1 minute and rinsed again (3
times for 1 minute).

The  surface-sterilized  seeds  were
transferred to the MS media of various basal
strengths (Y2 MS, % MS, and full-strength
MS), and sucrose-agar (SA, 3% of sucrose)
medium and then for 10 days (tomato) grow to
the seedling after the first germination. The
optimal medium for seed germination will be
used next for the propagation of sprouts that
will be induced callus.

Callus Induction

The young hypocotyl was excised about 1
cm as a source of explants for callus induction
in MS medium. Explants were grown on MS
medium, containing 2 mg/L 6-
Benzylaminopurine (BA) and 0.2 mg/L 1-
Naphthaleneacetic acid (NAA), sucrose 3%
for the next 20 days. The callus was then
subcultured for the next 20 days into MS
medium with variations of sucrose (1, 2, 3, 4,
and 5%).

For all media used, the pH of the medium
was adjusted to 5.6-6.3 before autoclaving
(121° C, 15 Ibs, 15 minutes. Cultures were
kept in an incubation room at 24 + 2° C under
continuous light conditions (3,000 Ilux,
approx.).

Data Analysis

Germination index and germination rate are
calculated based on the formula of Enriquez-
Pefia et al. as follows :

where :
IG index of germination
n; number of germinating seeds in the day i
t; d after inoculation
N total number of seeds
V=37 @)
where :
GV germination velocity
t time of germination after initiating culture

until germination of the last seed
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Hypocotyl biomass was also weighed on
10" day after germination. The fresh and dry
weight of callus was obtained on 20" day for
growth index calculation (3), which was also
observed on the appearance of callus

morphology.
_ WrWo
Gl = e (€))
where :
Gl growth index
W; final biomass
W, initial biomass

Results and Discussion
Result

Effect of different strength of medium on
germination and seedling development
Tomato seeds begin to germinate in 2 days
after planting on the 4" variation of the
medium. Elongation of seedling especially in
hypocotyl was observed at 4" days on MS 0
and Y2 MS medium, and 5™ day on ¥% MS and
SA media (Fig. 1). The complete opening of
cotyledon leaf was observed on the 9" day.
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Figure 1. Morphological changes during
germination of tomato. Observation on (A)
0 day; (B) 2" day; (C) 3" day; and (D) 5t

day. 1 grid =5x5mm

Based on Fig. 2, the percentage of seed
germination reached 100% in %2 MS medium
and SA or if calculated into germination index
reached 5 days and the speed of reflection, ie 6
seeds per day, 93% in MS medium (IG = 4.50
d, GV = 5.40 seeds per day), and 97% in MS
medium IG (IG = 4.83 d, GV = 5.80 seeds per
day). This percentage is above the average
product quality guarantee for a minimum level

of germination, which is 85% of each
packaged seeds. The highest average height of
hypocotyl seedlings on the 7" day is in the
medium MS %, which is 6.45 £ 0.15 cm with
results that are not significantly different from
MS %, which is 6.30 = 0.18 cm.
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Figure 2. Effect of media variations on (a)
hypocotyl height and (b) germination time
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Figure 3. Effect of media variations on
hypocoty!’s fresh and dry weight

The performance of germination and
growth of tomato seedlings varies depending
on the variety and medium. When compared
to other studies, for example, tomatoes treated
with shaking out in vermicompost and chicken
manure have increased germination to> 95%
compared to controls only 85% (Arancon et
al., 2012). In the tomato 'Beske’ was grown in
MS medium, germination only reached 57%
in the 14" day post-planted (Durosomo,
Popoola, Afolabi, & Idehen, 2014). In the
tomato 'Moneymaker' grown on MS medium,
the germination rate was only 69% (Chaudrhy
etal., 2010).

Based on Fig. 2, the highest FW was
obtained from sprouts planted on MSO
medium that reach 111.12 + 8.39 mg, the
results were not significantly different from %2
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MS. Whereas in DW, the highest value
obtained in the treatment ¥ MS that reach
4.64 + 1.18 mg, which was not significantly
different from MS 0 and % MS. The lightest
hypocotyl in both FW and DW was obtained
in the SA treatment both in 15.44 £ 1.77 mg
and 0.08 £ 0.40 mg.

Effect of sucrose on callus

The initiation of callus began on the 5" day
of incubation. The wound site at both ends and
in the middle part of the hypocotyl form some
protuberances, some of them was swollen. In
general, the callus morphology was greenish,
consist of compact with small of friable cells
only in the outside area, and in the inside of
callus can be found root/shoot nodules. The

Table 1. Tomato Callus Growth Index

T FW DW
0 799.74 +107.55% 0.67£0.172
1 880.46 +43.14% 0.68 + 0.08?
2 933.87+100.41° 1.31+0.32%
3 940.34+91.08° 1.77 £ 0.33°
4 966.86 £67.522 2.70 £0.24°
5 1092.71+119.16% 2.68 +0.40°

* Abbrev. T: treatment (%), FW: fresh weight (mg),
DW: dry weight (mg)

colors turned to have blackish at the edges of
the culture by time, especially at the treatment
of 1%, 2%, and 3% sucrose concentrations
(Fig. 3).

Both the fresh weight and dry weight of the
callus increase gradually according to the
concentration of sucrose added (Fig. 3). The
highest growth index of FW and DW in 5%
sucrose treatments (5 g/L (w/v)), respectively
1092.71 + 119.16 mg which were not
significantly different from the other 5
treatments, and 2.68 £+ 0.40 mg which was not
significantly different from the 4% sucrose
experiment. In Gynura procumbens, the
increase in biomass is also in line with the
increase in sucrose concentration, with 5%
being the most optimal concentration
(Nurokhman et al., 2018). Some other studies
generally recommend 3% sucrose to achieve
the highest biomass, such as in Myrmecodia
tuberosa (Sari et al., 2018), Digitalis lanata
(Fatima et al., 2009), and Metroxylon sagu
(Sumaryono et al., 2012). In this study, callus
able to grow in media containing 0% sucrose
until its reach stationary phase.
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Figure 4. Variations of sucrose
concentration changed the callus color and
size after 20 days of treatment. Bar: 5 cm

Discussion

Growth refers to the irreversible changes in
the size of a cell as a result of division and
enlargement (Hunt, 2012). In an in vitro
experiment of callus induction from hypocotyl
explant, seedlings germinated in fourth-
strength MS medium. This medium has 3
times more water content than full-strength
MS. Rapid process of imbibing water causes
seeds faster to germinate.

The germination index reflects the average
time needed for seeds to germinate. The speed
of germination shows the average number of
seeds that germinate per day. There are
various factors that cause some seeds not
viable, and may not depend on the medium
being tested because the percentage of failure
to germinate is small. Factors such as viability
related to seed shelf life, extreme dehydration
which causes the embryo to die, gas exchange,
temperature, and light affect the success of
seed germination. In tomato seeds stored for 7
years, the percentage of germination reaches
70-100%, whereas if stored for 10 years
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becomes less than 30% (Mayer & Poljakoff-
Mayber, 1982).

Each part of the sprouts has meristematic
properties. Use cut segments of hypocotyl for
explants offer some advantages in that it is the
longest part of seedling (80%) so can be
providing the need for many explants and the
low ability for regeneration to become organs
that is more advantages for callus induction
(Ali, Yossef, & EI-Banna, 2012).

The SA medium only contains sucrose.
Although seedlings grow faster, this medium
fails to develop cotyledons and even begins to
die on the 10" day. Sucrose initially plays a
role in cell division and tracheal formation in
hypocotyl, but over time sucrose also inhibits
the  formation of  chlorophyll  and
photosynthesis (Gamborg et al., 1976). The
absence of macro and micronutrients causes
cells to be wunable to continue their
metabolisms, such as due to the inhibition of
synthesis of various protein products, cell
walls, and signaling between cells.

There are other factors that need to be
considered besides the seedling growth rate, ie
the biomass. This is related to how many cells
can be induced into callus if cells mature
rapidly due to stress on the medium with
minimal nutrient availability.

In addition, this study was conducted to
evaluated callus biomass after affecting
different sucrose concentrations. Its value
indices for the presence or absence of cell
multiplication on the callus. Sucrose has been
used as a major carbohydrate source in the
induction medium.

Callus fresh weight is considered to
represent the water uptake capacity, which
actually implies that callus water mass (callus
fresh weight minus callus dry weight) is
proportional to callus dry weight during callus
growth. In some other cases, fresh weight
considered to be related to the amount of
extract of the active ingredient to be harvested.
While the dry weight is more to show how the
ability of plants to build solid structures from
their bodies.

The effect of sucrose in cells is sufficient
sugar demand in cells could inhibit the process
of photosynthesis (Lobo et al., 2015). On the
other hand, sucrose could also cause stress on
callus culture. Sucrose could be rapidly
hydrolyzed to form glucose and fructose.

These process increasing the osmolality of the
medium. The sucrose-treated medium may
enter the plant cell through diffusion and
0smosis processes. Shahnewaz & Bari (2004)
revealed that the effect of concentration of
sucrose affects the increase of frequency of
callus induction, which may be due to its
contribution to the medium's osmotic potential
rather than its use as a carbon source. This
shows that the cells are stressed.

As reported by various researchers, higher
sugar concentrations have a growth-inhibiting
effect  (Ciereszko, 2018). At higher
concentrations of sucrose in the culture media,
there was an increase in tissue necrosis and
phenolic concentration and a sharp decline in
the three sugar beet (Beta vulgaris) lines shoot
regeneration (Yildiz, Onde, & Ozgen, 2007).

Carbon sources can influence cell growth
by affecting the medium’'s water potential.
This factor is very important because the
carbon sources determine the movement of
mineral and water components into plant
tissues and also better for turgor maintains for
plant cells (Buah et al., 2011).

Vitrification could also be influenced by
the carbon source used. Vitrification could
increase with the decrease in the concentration
of sucrose added (Wojtania, Gabryszewska, &
Podwyszynska, 2011). Low concentrations of
sucrose and sorbitol, around 0.5% and 1.5%
affect the distortion of the stem with
symptoms of vitrification and necrosis
(Yaseen, Ahmed, Abbasi, & Hafiz, 2009).
Vitrification was less likely to influence the
increase in fresh weight in the 0% sucrose
treatment in this study. The deposits of
sucrose from previous cultures may still
support the callus to continue to multiply its
cells for a period of time. Another possibility
is that although chlorophyll in the callus only
forms in a few areas of the surface, this is
sufficient to support the ability of autotrophs
and contribute to the accumulation of
carbohydrates which results in an increase in
biomass.
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