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Abstract

Tea (Camellia sinensis L.) is classified as cross-pollinated crop and vegetative multiplication becomes
commercially the main method of propagation with some limitations such as high heterogeneity and poor in
survival rate and also in rooting. A proven tissue culture method, somatic embryogenesis, is the only challenging
way to meet the needs of tea seedlings in large quantities. The study was conducted with TRI2025 tea clone
selected from Polyclonal garden of PT. Pagilaran (Batang, Central Java). The explants were cultured on MS
media supplemented with four concentrations of 2,4-D (0, 1, 2, and 5 mg L) in two incubation conditions; dark
and light. The results showed the only concentration of 2,4-D that can induce somatic embryo was 2 mg L
2,4-D in light condition and its percentage was about 5%. Other concentrations of 2,4-D that given for treatments
both in two conditions will not induce somatic embryo. This study needs more improvements for getting
powerful and efficient of method to get somatic embryo-derived plant and also for futher successful genetic
engineering of tea biotechnology.
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1. Introduction

Tea (Camellia sinensis L.) is classified as self-incompatible characteristic of crops (Chen et al., 2012), therefore
its propagation using seeds is not desirable because seed derived progenies showed heterogenity (Mondal,
Bhattacharya, & Ahuja, 2001). For commercial purposes, vegetative propagation through stem cutting became
the main method, but the multiplication is very slow with low survival rate and season depending rooting
(Boonerje, Hoque, & Sarker, 2013). The propagation by in vitro culture method is one choice for multiplication
from any plant part due totipotency (Thorpe, 2007).

In tea, there are many reports about somatic embryogenesis with various kinds of explants and also of PGRs
used. A 100% successful of somatic embryogenesis on embryo axis of tea using MS media supplemented with
2,4-D was reported by Kaviani (2013) and its cotyledon region was successful induced directly of its capability
of somatic embryogenesis using MS media supplemented with ABA and osmoticum agent (PEG) (Suganthi et al.,
(2012). Ghanati and Iskha (2009) also reported the successful of indirectly induction somatic embryogenesis
from leaf tea using modified B5 media supplemented with ABA and BA but without shoot formation, while
Seran et al., (2006) was successful indirectly induced somatic embryo of about 8.3% from the same explants
using MS media supplemented with BAP and NAA. A half strength of MS media supplemented with BAP was
used by Tahardi et al., (2000) using cotyledon explants of Yabukita tea clone to induce somatic embryo with
embryogenic convertion of about 56.6%. Previously, nodal segment of tea was also 60% successfully induced its
capability of somatic embryogenesis when cultured on modified MS media free of PGRs (Akula & Dodd, 1998).
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Betaine and ABA was also reported to be effective to induce 15-20% of somatic embryo from mature seed of tea
cultured on MS media (Akula et al., 2000). The success through present investigation is expected to help in
development of biotechnology tools to improve quality and quantity of tea production.

Aseptic techniques of culture media preparations, selection of explants, and proper use of plant growth regulators
(PGRs) in standardization of tissue culture protocol are the key factors in achieving successful somatic
embryogenesis. Previous literature reported that MS media (Murashige & Skoog, 1962) was the most commonly
used media for tissue culture by several researchers. Next, PGRs is also one key of tissue culture successful
factors. There are many PGRs for plant tissue culture, one of them is auxin; the only one PGRs used in this study.
Auxin(s) is known as one of plant growth regulators that has many roles related to every development stage in a
plant. In early response of injured plant; callusing; auxin plays an important role there (Xu et al., 2018). Auxin is
also reported to be connected to root development (Overvoode et al., 2010). In tea tissue culture, both ex-viiro or
in-vitro rooting, auxin was used (Ranaweera et al., 2013; Gonbad et al., 2014). Although auxin’s role for rooting,
but its role for shooting was also reported (Sandal et al., 2005). Its role to plant development might be due to its
capability to involve at cell division and patterning (Perrot-Rechenmann, 2010).

2,4-D (2,4-dichlorophenoxy acetic acid) is growth promoting hormones at various concentrations and often used
for tissue culture, especially to induce somatic embryogenesis (Raghavan, 2004; de Alcantara, 2014). Kaviani
(2013) reported that the successful somatic embryos derived from tea’s embryo axis using MS media
supplemented with 2,4-D, but explants source details of clone were not provided. Here, we also chose embryonic
axis for explants source; in line also with Seran et al. (2006) that stated it derived from meristematic tissue so
that the possibility of somatic embryo production will be high. The TR12025 clone we used for this study, with
consideration that TRI2025 tea clone is known for its high productivity in various elevation of planting area
(Sriyadi et al., 2012). The present investigation is the first report of somatic embryo from TRI2025 using
embryonic axis and with induction of 2,4-D.

2. Materials and Methods
2.1 Plant Materials

Young seeds (8 months after seed set forming) (Figures 1A-1E) of TRI2025 tea clone harvested in Polyclonal
garden at PT.Pagilaran were used as explants. Sterilization was carried out by washing explants using
anti-microbes (Agrept 20 WP; Streptomycin sulphate 20%) and anti-fungal (Dithane M-45; Mankozeb 80%)
solution followed by soaking in 96% alcohol for 10 minutes. The seed then to be burned for a few seconds and
then tea seed coat was split open upon burning and embryo axis was excised prior to cotyledonary stage and
before the seed germination for tissue culture. Embryoic axis is cut at part of growing points at shoot apical
meristem (SAM) and root apical meristem (RAM) carefully using scalp knife and cultured on media tested.
Explants were cultured on MS media supplemented with 0, 1, 2, and 5 mg L of 2,4-D, with 3% (w/v) sucrose
and solidified using 0.8% (w/v) agar. This media was adjusted to 5.6 of pH prior to autoclaving.

A B C D

Figure 1. TRI2025 seed. With its outer shell (A); with seed coat (B); seed coat removed (C); Cotyledon with
embryonic axis (D); Excised embryonic axis before incision of growth points (E)

2.2 Tissue Culture Condition

Selected explants were removed their growth points and then cultured on MS media supplemented with various
concentrations of 2,4-D (0, 1, 2, and 5 mg L'l) and then incubated in dark and light conditions. All cultures
wereincubated on +23 °C. Especially for light condition was used daylight lamp of about 60 pmol m? s’
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intencity and for dark treatment, the explants were maintained on dark-box free of light. The time of
morphological initiation response was recorded. After 4 weeks, the percentage of responsive explants as well as
its color and shape were recorded.

2.3 Statistical Analysis

This research was conducted in a completely randomized design with 4 replicates of bottles and 5 explants in
each bottle. The data were analyzed statistically using F-test and the means among each treatment were analyzed
separately using Duncan’s Multiple Range Test (DMRT). Software SAS 9.1 was used for all statistical analyzes
and value of p<0.05 was considered significant.

3. Results and Discussion

Explants cultured on MS media supplemented with 1, 2, and 5 mg L™ 2,4-D gave callus response about 7 days
after culture (DAC), while 0 mg L™ 2,4-D did not give callus response. Callus was observed first developing in
former incision region of all explants. After 1 month of culturing, these explants formed globular-like structure
(GLS) in both light and dark condition (Figure 2, 3).

A: 0- DAC B:30- DACindark  C:120- DACindark D:30- DACinlight E: 120- DAC in light

Figure 2. Explants (A-E) cultured on MS media supplemented with 1 mg L™ 2,4-D incubated
in dark and light condition

E -,

Figure 3. Explants cultured on MS media supplemented with 2 mg L™ of 2,4-D incubated on dark and light
condition. A: Explant 0-DAC; B: explant of 30 DAC in dark; C: explants of 120 DAC in dark; D: explant of 30
DAC in light; E: explants of 120 DAC in light. Yellow circle means explant produces embryo somatic(s)

Table 1. Effect the different concentration of 2,4-D in dark or light condition, on initiation of embryo somatic

Condition [2,4-D] Mean of embryo somatic initiation
Dark 0 0

1 0

2 0

5 o
Light 0 0°

1 0°

2 0.05"

5 0
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Somatic embryogenesis of explant was observed on MS media supplemented with 2 mg L™ 2,4-D incubated in
light condition (Figure 3E; yellow circle). Somatic embryo structures emerged indirectly from embryo axis
through callus formation. This callus was crumbs and yellowish-white in color. Afterward, explants were
sub-cultured on MS free PGRs media that resulted in various later stages of developments in somatic embryo
such as an elongated embryo and early-cotyledonary stage. Somatic embryogenesis was not observed on
explants cultured on MS media supplemented with 0, 1, and 5 mg L™ 2,4-D.

In light condition, explants receiving 2 mg L 2,4-D treatment showed normal growth in 5 to 8 weeks after
culture (Figures 4A-4B), and somatic embryo was emerged on surface of callus after 12 weeks (Figure 4C),
exactly near the new taproot-developed. Then, explant’s development (Figure 4D) was marked by development
of somatic embryo growth elongation of its taproot.

The somatic embryo emerged indirectly, first preceded by callus production (Figure 4E) with a percentage of
about 5% (Table 1). This somatic embryogenesis was asynchrony in embryo stage development, some were on
globular and others were on elongated embryo and early-cotyledonary stage.

The present results from successful indirect somatic embryo induction were observed similar to the findings of
Kaviani (2013) indicating that 2,4-D with 1 uM concentration successfully induced embryogenesis on embryo
axis but directly. In contrast, this study contradicted with Vieitez and Barciela (1990) that 2,4-D can be used in
inducing callus but inhibited the production of somatic embryo.

Globular stage was observed on surface of callus region in about 3 months after culturing. These globular
embryos were transparent in color and clustered (Figure 4F). After globular stage, an elongated embryc was
appeared, then changed to dark-green in color and later was observed like torpedo in structure (Figure 4G).
Globular somatic embryo was also achieved by culturing nodal cutting of the same tea clone; TRI2025, on MS
media with modification of media composition without any addition of PGRs (Akula & Dodd, 1998). This
means that TRI2025 tea clone can be induced its embryogenic capability through different explants.

Early-cotyledonary stage was also seen on this somatic embryo on about 5 months after culturing. Its color was
light-green initially and then changed to dark-green. It showed a basin-like structure with concave shape on its
surface (Figures 4H and 41). These observed changes apperared after sub-culturing on MS free PGRs media, but
were completely different from those reported by Suganthi et al. (2012) on successful of embryo somatic
maturation sub-cultured onto MS media supplemented with osmotic agent (polyethylene glycol = PEG) and
absisic acids (ABA).

G

Figure 4. Stages of indirect somatic embryogenesis from embryo axis of TR12025
A: 1 Month After Culture (MAC); B: 2 MAC; C: 3 MAC; D: 4 MAGC,; E: Callusing followed by embryo somatic;
F: Globular stage; G: Elongated embryo: H: Yelllow early-cotyledonary stage; I: Green early-cotyledonary stage;
J: Abnormal cotyledone. Bars: 10 mm
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In the present this study, cotyledonary stage was abnormal in structure (Figures 4H-4J) that was indicated with
fused cotyledon forming. In tea, cotyledonary stage must has two cotyledon, so in this study, failure for gaining a
normal cotyledonary stage might be due to stress condition. Another abnormal cotyledonary stage can be also
caused by application of auxin transport inhibitor, such as N-1-naphthylphthalamic acid (NPA) (Hakman et al.,
2009; Abrahamssons et al., 2012).

The somatic embryo was in early-cotyledonary stage and germination stage has not occurred yet. This was a
challenge to choose best media for germination. Kaviani (2013) reported that tea somatic embryo from early to
the end stage was only cultured on MS media supplemented with 2,4-D. This was different from previous reports
of any tea clone or kind of tea explants (Akula & Dodd, 1998; Akula, 2000; Tahardi et al., 2003).

Successful induction of somatic embryo in light or dark condition was different among plants. Somatic
embryogenesis can be achieved in dark condition (Tahardi et al., 2000; Gomes et al., 2006), dark condition
followed by light treatment (Sunandar et al., 2017), or fully in light condition (de-la-Pena et al., 2008; Bakhshaie
et al., 2010; Lema-Ruminska & Kulus, 2012). In tea micropropagation, light was also important to induce
somatic embryogenesis (Akula et al., 2000, Akula & Dodd, 1998) and were in confirmation of the present results
of successful induction of somatic embryogenesis when explants were culture on light condition. The critical
role of light capability to induce somatic embryogenesis was related proteins, such as a kind of arrestin-like
protein, G-protein, and nucleoside diphosphate kinase (NDPK) (Nato et al., 2000).

Previously, Kaviani (2013) successfully induced somatic embryo on explants of embryonic axis of tea seed that
are similar to the present study. Akula and Dodd (1998) also successfully induced somatic embryo of tea using
different explants; nodal segment on modification of MS media. Therefore, present and previous findings are
indicating that successful induction of embryogenesis requires several favorable factors and is highly specific
specific to the type of tea clone, explants, culturing media, PGRs, incubation and suitable growing conditions.

General initial response for almost every explants cultured on all media tested was callus production. This
phenomenon was observed due to former incision of root meristem to remove its growth point and was a
common practice in plant tissue culture (Iwase et al., 2011). Callus was a crumb and yellowish-white in color
that formed at about 7 DAC. In contrast, the apical meristem incision was not entered callogenesis stage, except
in explants cultured on MS media supplemented with 5 mg L 2,4-D.

4. Conclusion

This study successfully induced somatic embryo indirectly on embryonic axis of TRI2025 tea clone cultured on
MS media supplemented with 2 mg L™ of 2,4-D in light. Globular and elongated embryo was successful
produced by culturing on MS media free PGRs, but subsequently abnormal early-cotyledonary was formed.
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