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Invitro cultures of leafy liverworts are still facing significant challenges due to high-
level of explant contamination. The sterilization process can easily damage the
structure of liverwort after exposure to the disinfectant. This study was to determine
the concentration and time exposure of commercial bleach as a disinfectant to
suppress contamination using the gametophyte culture of Lopholejeunea sp. The

KEYWORDS: experiment consisted of control and six treatment combinations of commercial
contamination, bleach with concentration 0.5, 0.75, and 1% (v/v), and exposure time (60 and 90
gametophyte, seconds). The type and location of contamination, the color of the explants after

in vitro culture,
Lopholejeunea sp.,
sterilization

sterilization, and response after 30 days were observed. The results showed that
the 0.75% bleach with 60 and 90 seconds exposure time had a lower contamination
until the 7th day of culture. The most common type of contamination is bacteria
and fungi that arise from the explant. Despite the contamination, it did not inhibit
shoot formation. Further studies still needed to determine the type of fungicides
and antibiotics with the most potent concentration and exposure time should be

tested to obtain an axenic and viable culture of liverworts Lopholejeunea sp.

1. Introduction

Liverworts have several ecologicaland biochemical
usage. In nature, liverworts can act as pioneer plants
in the succession process (Bahuguna et al. 2013), a
micro habitat for microorganisms, prevent erosion
and increase the capacity of storing groundwater
(LaRoe 1995; Abdullah et al. 2019), absorbent for
carbon sink and nutrients, indicator of air pollution,
and indicators of climate change (Konrat et al. 2008;
Tubaetal. 2011). Meanwhile, in terms of biochemistry,
the mosses store bioactive compounds of terpenoids
and flavonoids in a typical organelle called the oil
body (Gradstein et al. 1988). These compounds have
the potential to be used as antibacterial, antifungal,
and anti-insects (Asakawa 2012; He et al. 2013).
Lopholejeunea is one of leafy liverworts genera
belonging to the family Lejeuneaceae and subfamily
Ptychanthoidae (Zhu and Gradstein 2005; ITIS 2008).
It has a blackish-green colony and covers most of the
substrate(Figure1).AccordingtoGradsteinetal.(1988),
Lopholejeunea contain abundance of sesquiterpenes
and flavonoids, which have the potential to be used in
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many applications as for antibacterial, antinematode,
and antifungal (Asakawa 2012; He et al. 2013).

Meanwhile, studies related to its potential,
morphology, physiology, and molecular are still little
concern compared to higher plants (Sabovljevic et
al. 2014) because of the limited amount of biomass
in nature. Therefore, its pure biomass should be
propagated to improve the studies for their taxonomy
characteristics and biochemical compounds from
this species (He et al. 2013). In vitro culture can be
an alternative method, used to propagate liverworts.
The parts from the sample that can be the source
for in vitro culture explant were the gametophyte or
sporophyte parts can be culture to a medium under
sterile conditions (Vujicic et al. 2010). Several studies
on the in vitro culture of mosses (Allsopp 1957; Beike
et al. 2010; Pandey et al. 2014) and liverworts (Silva-
e-Costa et al. 2016) tend of using sporophytes part as
initial explants. However, the use of the sporophyte
phase in liverworts has a short period in its life cycle,
so it cannot be observed easily at a time. Therefore,
the gametophyte phase can be an alternative for in
vitro culture explants (Crandall-stotler et al. 2008;
Glime 2017).

Gametophyteinvitro culture of liverwort should be
disinfected first before planting in a culture condition
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Figure 1. Lopholejeunea characteristics (a, b), Morphology (c), oil body of Lopholejeunea sp. microscopically

(Sabovljevic et al. 2014). The common disinfectant
used for explant sterilization is sodium hypochlorite
(Duckett et al. 2004; Carey et al. 2015). It has been
used in some research to sterilize mosses (Pandey et
al. 2014) and liverwort explants (Beike et al. 2010).
However, a high concentration of disinfectant will kill
the explant cells. Meanwhile, a low concentration of
disinfectants tends to not strong enough to remove the
contaminants (Duckett et al. 2004). The gametophyte
phase of leafy liverworts consists of one layer of
tissue, that is not protected by the cuticle so that
the tissue tends to be fragile and easily to shattered
after being exposed to disinfectants (Sabovljevic et
al. 2009). Moreover, leafy liverworts can become a
habitat for microorganisms and other invertebrates
(Makinde et al. 2014), making it challenging to obtain
sterile cultures (Vujicic et al. 2010). This research
was conducted to determine the concentration of
bleaching agent for disinfectants which can suppress
contamination with high explant viability in the
gametophyte culture of liverwort Lopholejeunea sp.

2. Materials and Methods

2.1. Plant Sources and Materials Preparation

The liverwort of this experiment obtains from the
surface of the root of the Ketapang tree (Terminalia
catappa) found at the Faculty of Mathematics and
Natural Sciences Ul, Depok. This research was
conducted at the Department of Biology FMIPA Ul
from January to June 2019. The medium used was %2
MS (Murashige-Skoog). The sterilizing agents used
were distilled water, commercial bleaching with
the active ingredient sodium hypochlorite (Bayclin)
0.5%, 0.75%, 1.0%, and Tetracycline 2.5 mg/ml. The
color standard used for explants color observation
is the Ace Paint color card. The microscope used
for contaminant observation was Leica M500 light
microscope.

2.2. Explant Sterilization

The explants parts used in this research were the
apical tips of gametophyte. We used apical tips with
length 2-4 mm. The explant sterilization process
consists of two stages, which are sterilization inside
the laminar air flow cabinet (LAFC) and outside
the LAFC. Sterilization outside LAFC carried out by
washing the apical tips of gametophyte two times for
10 minutes under running water to remove the dirt.
After that, the explant sterilization process continued
inside the LAFC.

Explant sterilization inside the LAFC consists of
eightstagesdonebyfollowinganasepticmethod.First,
apical tips were placed in a sterile tube using sterile
tweezers. After that, 10 ml of sterile distilled water
was put into the container and shaken for 1 minute.
Furthermore, the explants were divided into groups
according to each “Bayclin” concentration (0.5%,
0.75%, and 1.0%) (Table 1). Apical tips gametophyte
explants that had been rinsed with sterile distilled
water immersed in 10 ml “Bayclin” solution. The
exposure time of each explant soaked in “Bayclin”
solution was carried out according to the treatment
of exposure time, which is 60 and 90 seconds while
shaken the tube occasionally so that the explant will
be exposed to the sterilizer. After that, apical tips from
gametophyte washed into sterile distilled water for
three times. Next, the apical tips from gametophyte
part were soaked in 10 ml of 2.5 mg/ml Tetracycline
solution, and shaken for 1 minute. Then, the solution
was discarded, and the apical tips rinsed three times
with sterile distilled water. The explants were then
planted in %2 MS medium in bottle culture. Each
bottle culture planted with three apical tips.

2.3. Culture Environment and Observation
The culture was incubated and checked every

week for bacterial, algal, and fungal contamination.

The culture was maintenance at a temperature of
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Table 1. Treatment codes for concentration and duration

of “Bayclin” exposure of Lopholejeunea sp.
gametophyte explants
Treatment code Sterilant
K Tetracycline 2.5 mg/ml (1 minute)
AY “Bayclin” 0.5% (60 seconds) +
Tetracycline 2.5 mg/ml (1 minute)
AZ “Bayclin” 0.5% (90 seconds) +
Tetracycline 2.5 mg/ml (1 minute)
BY “Bayclin” 0.75% (60 seconds) +
Tetracycline 2.5 mg/ml (1 minute)
BZ “Bayclin” 0.75% (90 seconds) +
Tetracycline 2.5 mg/ml (1 minute)
cY “Bayclin” 1% (60 seconds) +
Tetracycline 2.5 mg/ml (1 minute)
Ccz “Bayclin” 1% (90 seconds) +

Tetracycline 2.5 mg/ml (1 minute)

21+2°C with humidity in the range of 30-60%. The
light sources supplied by cool-white fluorescent
tubes with a periodicity of 16 hours light 8 hours dark
and the light intensity 2000 lux.

The qualitative parameters were the type of
contaminant that appeared, the location of the
contamination, and the explant color. Quantitative
parameters were the percentage of contamination,
explant growth based on the percentage of growth,
and the number of branches. Observations were done
after 3 days (D3), 7 days (D7), 14 days (D14), and 21
days (D21) days after planted on to the medium
respectively.

Data were arranged based on qualitative and
quantitative parameters of the explant from
sterilization. The percentage of contamination and
explant growth data is processed using Microsoft
Excel. Data explants color, type of contaminant, and
location of contamination are discussed descriptively.

3. Results

3.1. Explants Color After Sterilization Process

The color of liverworts gametophyte explant had
changed after exposed to disinfectant from blackish
green (honeysuckle vine) to yellowish-green (Figure
2). The explants tend to turn to yellow after expose
to higher concentration and longer duration of
Bayclin (Table 2). The color of explants that the least
changed was the treatment of Bayclin 0.5% for 60
and 90 seconds. Meanwhile, explants with Bayclin
1% treatment for 60 and 90 seconds had a very
discolored explant color. Based on the data in Table
2, on day 21, all treatments have burnished gold or
dark brown color.

a b

Figure 2. The explants of Lopholejeunea sp. color changed
(a), before (b), after exposed to disinfectants on
21 day of culture

3.2. Contamination and Type of Contaminant

The addition of “Bayclin” of 0.5%, 0.75%, and 1.0%
with Tetracycline 2.5 mg/ml in this result showed
that the concentration still was not able to eliminate
all the occurrence of contamination on Lopholejeunea
sp. gametophyte explants. All explants were
contaminated on the 21st day (Figure 3). However,
exposure to “Bayclin” can reduce contamination until
the 37 day after planting.

Bacteria and fungi were the contaminants that
exist on Lopholejeunea sp. culture. Macroscopic and
microscopic observations were made to prove the
concordance between the type of contaminants
with the given category. The red arrow in Figure 4,
showed the contaminant that we observed based on
macroscopic and microscopic morphology to confirm
the type of contamination. The result showed based
on macroscopic and microscopic observations, blue-
green fungi (Figure 4a), white-brown fungi (Figure
4b) confirm by microscopic structure which consist
hyphae (Figure 4d and e). Besides that, we found
pink layer of bacteria (Figure 4c) which consist of the
bacteria cell under the microscope observation. All
those contaminant growths on the surface of explant,
so we assumed that this contaminant source was
from the explant, and we categorized it for internal
contamination. Meanwhile, we found black fungi
located distribute on the medium not having contact
with the explant, and we categorized it for external
contamination (Figure 5).

Fungal and bacterial contamination which found
in internal explants were thought to be carried from
their original growth location. The contaminant did
not remove entirely or damaging their cells when
exposed to sterilization materials. Besides, the given
concentration of “Bayclin” did not strong enough to
kill the hidden spores in explants. Other possibility,
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Table 2. The explants color of Lopholejeunea sp. culture before and after exposure to disinfectant

Treatment (n = 10) Color before

Color after sterilization

sterilization

After sterilization (DO)

After 21 days (D21)

Ace paint code Category Color Ace paint code  Category  Color
K 75 Pine bough .
AY 77 Paradise hill -

o 28 Burnished -

AZ 74 78 Springside - gold
BY Honeysuckle
BZ vine
cY 79 Summerside .
Ccz

K: Tetracycline 2.5 mg/ml (1 minute), AY: Bayclin 0.5% (60 seconds) + Tetracycline 2.5 mg/ml (1 minute), AZ: Bayclin 0.5%
(90 seconds) + Tetracycline 2.5 mg/ml (1 minute), BY: Bayclin 0.75% (60 seconds) + Tetracycline 2.5 mg/ml (1 minute),
BZ: Bayclin 0.75% (90 seconds) + Tetracycline 2.5 mg/ml (1 minute), CY: Bayclin 1% (60 seconds) + Tetracycline 2.5 mg/
ml (1 minute), CZ: Bayclin 1% (90 seconds) + Tetracycline 2.5 mg/ml (1 minute)
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=

= 80

=) mAZ1
2 60
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- 401
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E -20 : Cz1
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Figure 3. Percentage of culture contamination on
Lopholejeunea sp. in vitro culture day 21 after
planting. K: Tetracycline 2.5 mg/ml (1 minute),
AY: Bayclin 0.5% (60 seconds) + Tetracycline
2.5 mg/ml (1 minute), AZ: Bayclin 0.5% (90
seconds) + Tetracycline 2.5 mg/ml (1 minute),
BY: Bayclin 0.75% (60 seconds) + Tetracycline
2.5 mg/ml (1 minute), BZ: Bayclin 0.75% (90
seconds) + Tetracycline 2.5 mg/ml (1 minute),
CY: Bayclin 1% (60 seconds) + Tetracycline 2.5
mg/ml (1 minute), CZ: Bayclin 1% (90 seconds)
+ Tetracycline 2.5 mg/ml (1 minute)

that contamination occurs due to the presence of
endophytic microorganisms. Those explain how the
fungi and bacteria contamination tends to appear
within a certain day’s gap after planting, which is
between first to fourth weeks.

3.3. Explants Growth

The growth of explants not yet observed on the
3 and 7™ day. There were no additional branches
or increased in size from the explant. After the 14t
day, new branches began to appear and continued to

grow. Then after 40 days, explants that were initially
yellow, turned to brown. Although the browning or
aging occurred on the explants, the liverwort can still
grow. Based on observations from the Lopholejeunea
sp. gametophyte color in nature, the apical part tends
to be bright green. Meanwhile, the base part showed
brown color, which indicates that the explant color
difference from the explant related to liverworts
gametophyte aging. Also, if a browning reaction
occurs, the color of the medium turned brown, and
there no sign of the explant to growth and the explant
tend to die.

Based on microscopic observations, the original
explants were dark brown (Figure 6), while new
branches appear from the base of the lobes (green)
and have rhizoid in the ventral region. Branches that
grow continued to elongate and straighten by time.
The dark brown original explants tend to die after the
buds coming and no oil bodies observed in the dead
tissue.

Quantification of explant growth is presented
based on the percentage of explant growth and
the number of branches. Explant growth data by
branch was obtained from counting the number of
branches from 3 explants in each treatment bottle.
The following is the percentage of explant growth
and the number of branches in each treatment up to
the 30™ day presented in Table 3. Based on this table,
Bayclin concentrations of 0.5%, 0.75%, and 1.0% had
relatively higher growth percentages than controls. It
means the sterilization process and certain condition
of contamination do not inhibit the explants growth.
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Macroscopic

Microscopic

Type of
contaminant

Blue-green fungi

White-brown fungi

e

Pink bacteria

Figure 4. The variation of internal contaminants (red arrows) culture of Lopholejeunea sp. based on macroscopic and
microscopic observation (a), blue-green fungi on macroscopic (b), white-brown fungi on macroscopic (c), pink
bacteria on macroscopic (d), blue-green fungi on microscopic (e), white-brown fungi on microscopic (f), pink

bacteria on microscopic

\ 4 ML;L

/
P

a b

External contaminant (red arrows) of
Lopholejeunea sp. culture (a) macroscopic
observation, (b) microscopic observation

Figure 5.

4. Discussion

The color of liverworts gametophyte explant
changed after exposed to disinfectant. Itassumed that
the chlorophyll in cells degrades due to the addition
of “Bayclin”. Sodium hypochlorite is an antiseptic,
clothing bleach, and cleaning fluid. Pandey et al.
(2014) reported that moss gametophyte was very
sensitive to sodium hypochlorite. Even exposure in
a short time could damage the tissues because the

Figure 6. Microscopic observation results of growth of
Lopholejeunea sp. (a) initial explants, (b) new
branches that grow from the base of the lobes,
(c) rhizoid

liverwort has only thin cuticles that unable to protect
tissues from disinfectant exposure (Pandey et al
2014).
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Table 3. Percentage of explant growth and number of
branches Lopholejeunea sp. culture after 30 days
planting

Treatment Percentage of explants Number of branches
growth (%) (n = 10) (n=10)
K 10+0.14 9
AY 10+0.14 2
AZ 50+0.42 23
BY 90+0.14 38
BZ 50+0.14 20
cY 50+0.14 15
(4 60+0.0 30

K: Tetracycline 2.5 mg/ml (1 minute), AY: Bayclin 0.5% (60
seconds) + Tetracycline 2.5 mg/ml (1 minute), AZ: Bayclin
0.5% (90 seconds) + Tetracycline 2.5 mg/ml (1 minute),
BY: Bayclin 0.75% (60 seconds) + Tetracycline 2.5 mg/ml
(1 minute), BZ: Bayclin 0.75% (90 seconds) + Tetracycline
2.5 mg/ml (1 minute), CY: Bayclin 1% (60 seconds) +
Tetracycline 2.5 mg/ml (1 minute), CZ: Bayclin 1% (90
seconds) + Tetracycline 2.5 mg/ml (1 minute)

The explants with from all of the treatments had
burnished gold colors or dark brown on the 21 day.
The explants aging or browning assumed occurred on
the explants. The explants aging expected to have the
color change from green to brown and can develop
new buds from the node area. Meanwhile, browning
of moss explants indicates that cell death occurs due
to cells not being able to convert phenolic acids into
flavonoids (Krishnan et al. 2014).

The addition of disinfectants containing sodium
hypochlorite for surface sterilization of explants
commonly used in many related studies (Felek et al.
2015; Setiani et al. 2018; Sulistiyo et al. 2018; Zinabu
et al. 2018). Sodium hypochlorite is known to have
antibacterial activity by damaging bacterial cell walls.
Chlorine ions trigger oxidative reactions followed by
enzyme inactivation and lipid degradation (Estrella
et al. 2002; Pais et al. 2016).

Vujicic et al. (2012) reported the addition of
sodium hypochlorite to be successful in sterilizing
the liverwort gemma with Marchantia polymorpha
polymorpha up to 70%. The percentage of sterile
gametophyte culture is still low, despite using sodium
hypochlorite concentrations of 0.825% (Carey et al.
2015). Following the statement of Farooq et al. (2002)
the addition of sodium hypochlorite is not effective
in killing contaminants at low concentrations.
Also, Kritzinger et al. (1997) state that addition
of sodium hypochlorite alone cannot eliminate
the cause of contamination. However, the use of
“Bayclin” for mosses sterilization still recommended
if the concentration between 0.75% to 1.0% and the
exposure time is 60 seconds to 90 seconds. Besides,

it is necessary to add additional types of sterilizing
materials after Bacylin's exposure to minimize
further contamination.

The contamination location of Lopholejeunea sp.
culture can be divided into two categories, such as
internal and external, from the explant. The internal
contamination site was the contaminant that appears
near and touches the surface from the explant.
External location is the contamination that appears
does not reach explants or by the edge of the culture
medium. According to Setiani et al. (2018), external
contamination can come from environment, while
internal contamination comes from contaminants
that live inside the explants. Other ways to eliminate
internal contamination is by giving fungicides and
antibiotics into the medium (Kritzinger et al. 1997).

The black fungi contamination was located
surrounding the explant (Figure 4). Based on
comparing the results, we suspect black fungi
contaminants were from the explants internal
(endophytes), which appear after two weeks.
It is known that liverworts have endophytic
microorganisms namely Ascomycota and
Basidiomycota phyla (Duckett et al. 2006; Ligrone
et al. 2007; Davis and Shaw 2008). The similarity of
the phylum gave rise to the suspicion that the fungi
were one of the endophytic fungi of the liverwort
Lopholejeunea sp. According to Duckett et al. (2006),
hyphae can enter the moss tissue through the tip of
the rhizoid and settle on the moss stem. The fungus
and bacteria found appearing located internally and
externally are thought to originate from explants.

The growth from the explant in this culture
condition caused by two factors, there was the
viability of explant after exposure to the disinfectants
and the possible interaction between the liverwort
and microorganisms. The explant bleaching after
sterilization indicates the explant’s death. Moreover,
if the explants turned brown, the color of the medium
also turned brown, and no sign of growth (Singh
2018), then the explants will die. However, for the
browning explant in this study, the cultures still can
be maintained even though the explant color turned
to brown by time. The explants still have a chance to
grow because of the chloroplasts still functioning to
support the explant growth and development (Jensen
and Leister 2014). Zhu and Gradstein (2005) state
that when the environmental conditions are humid
and shaded, the moss will stretch its attachment and
grow vertically.



Widyastuti A et al.

Eventhough the explants have been contaminated,
they can still grow (Table 3). This growth can happen
related to the natural habitat of liverwort that coexists
with various types of microorganisms (Makinde et al.
2014) and the contamination did not that severe to
cause damage to the explant cells. Based on Davey
and Currah (2006), there is a possibility of interaction
between mosses and fungi. Meanwhile, according to
Chopra and Kumra (1988), some species of mosses
cannot grow if they are not symbiotic with fungi
and bacteria. However, further research is needed to
determine the relationship between the growth of
mosses and the symbiosis even in culture condition
and to the identification and to study the interaction
between them.

5. Conclusion

The results showed that the “Bayclin”
concentration at 0.75% with exposure time of 60 and
90 seconds have the lowest level of contamination
until the 7% day. The most common type of
contamination was bacteria and fungi that arise
from the explant part (internal). The presence of
contamination and browning do not inhibit the
growth of explants, except when it contaminated
with the blue-green fungi. Varieties of fungicides and
antibiotics should be tested in the culture medium
of liverworts Lopholejeunea sp. Based on this result,
in the future we need to optimize the sterilization
method to suppress the explant contamination and
to get axenic culture of liverworts Lopholejeunea sp.
From this result, adjusting the type of fungicides and
antibiotics with the most potent concentration and
exposure time should be tested to obtain an axenic
and viable culture of liverworts Lopholejeunea sp.
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