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Tea (Camellia sinensis) is the world's most popular beverage plant, as well as an important
plantation crop with high commercial value. It has been maintained for centuries through
conventional vegetative propagation. Tea clonal propagation in vitro has the advantage of producing
a large number of elite plants. If an efficient in vitro regeneration technology is available, this
technique could be exploited for selection of tea plants for desired trait. The selected plants could
be later on multiplied through in vitro or ex vitro techniques. The study aimed to induced somatic
embryogenesis from immature embryo explants to genetic variaton. Different concentrations of
phenylboronic acid with benzyladenine and phenylboronic acid with kinetin were tested in MS
medium with 30 g/L sucrose and 8 g/L agar. MS medium without any plant growth regulators was
used as control group. Considering the embryo survival rate, 1.5 mg/ L phenylboronic acid + 1
mg/ Lt kinetin produced highest result as 87.3% while lowest was in control group as 36.7%. The
highest plant regeneration rate was found in 1,5 mg/ L* phenylboronic acid + 1 mg/ L™ kinetin and
1.5 mg/ L! phenylboronic acid + 1 mg/ L™ benzyladenine medium respectively as 58.3% and
55.6%. Kinetin treatment with increasing phenylboronic acid concentrations gave the best results
in terms of somatic embryo survival rate. Also, kinetin treatment produced better results when

compared to benzyladenine concentrations.
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Introduction

Tea (Camellia sinensis L.) is a perennial, evergreen and
cross-pollinated plant that is a member of Theacea family,
an oldest non-alcoholic caffeine containing beverage in the
world. (Mondal et al., 2004). Tea is widely propagated by
seed, which produces a lot of heterogeneity, or by
vegetative cuttings, which can't keep up with the need for
new plants. Genetic variation in plants can be induced by
many tissue culture techniques like callus culture, use of
seeds, and zygotic embryos or embryo recue techniques
(Bridgen, et al. 2018). These techniques are successfully
applied and reported in several plant species and are used
to produce plants resistant to biotic and abiotic stresses and
demonstrate improved and enhanced yields and better
quality of the end products (Brownand Thorpe, 1995).

This not possible using traditional plant breeding
techniques (Thorpe, and Harry, 1996). These techniques
help to improve plant characteristics in short period of time
and help in rapid breeding (Smith, and Drew 1990). Since
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use of seeds or embryos or callus cultures lead to induction
of somaclonal variations and production of heterozygous
plants, these are suitable for inducing variations in plants
for selection of appropriate and suitable plants (Pasqual, et
al. 2014).

These techniques are also desired explants for
protoplast fusion to exploit existing genetic diversity or to
produce new genetic variabilities in the genome of the
plants (Bridgen, et al. 2018).

Once desired variability is catched, the selected plants
can be easily propagated through in vitro or ex vitro
techniques(Boopathi, et al. 2021). These can be used
efficiently and clonally propagated in large numbers for the
trade.

The aim of the study was to exploit heterozygosity in
immature embryos of the tea embryos through somatic
embryogenesis to use the developing plantlets in breeding
of tea.
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Materials and Method

Plant Material

The fruits harvested froma private Tea plantations in
the Pazar district of Rize (Figure 1) next to the Faculty of
Agriculture during the fruit setting periods (August-
September) were used as the seed material in the present
study (Figure 2a,b).

Surface Sterilization

The seed material was washed with water for 30
minutes under an open tap and then it was treated in 70%
ethyl alcohol for 3 minutes. Afterwards, it was kept in 1.8
% natrium hypochlorite for 15 minutes and rinsed 3 times
with sterile distilled water for 5 minutes each.

Medium Conditions and Explant
The cotyledons of the sterilized seeds were removed
under sterile conditions under a stereo microscope (Figure
3). Then, the embryonic region of the seed was isolated (5
explants per seed) and planted in 30 petri dishes with 5
explants in each petri dish (Ponsamuel, 1996). All cultures
were incubated at two different incubation conditions to
induce regeneration; First, explants incubated at 26°C, 16
hours light and 8 hours dark conditions, 3000 lux light
source in growth chamber. In second place, explants were
exposed to dark condition at 26°C.
In order to induce regeneration following in vitro media
was used:
e  Control: MS medium + 30 g/ L-*sucrose + % 0.8 agar
+pH5.0
e M1= MS+ 1 mg/ L phenylboronic acid+ 0.5 mg/ L
benzyladenine+ 30 g/ L™ sucrose + % 0.8 agar + pH
5.0
e M2: MS+ 1 mg/ L phenylboronic acid+ 0.5 mg/ L™
Kinetin + 30 g/ L-'sucrose + % 0.8 agar + pH 5.0
e M3: MS+ 1.5 mg/ L phenylboronic acid+ 1 mg/ L-
'benzyladenine 30 g/ L* sucrose + % 0.8 agar + pH
5.0
e M4: MS+ 1.5 mg/ L* phenylboronic acid+ 1 mg/ L™*
Kinetin 30 g/ L™ sucrose + % 0.8 agar + pH 5.0.

Statistical analysis

Statistical analysis was performed using SPSS 26, a
statistical software for Windows 10. All values shown in
percentage were arcaine transformed before statistical
analysis. The means were separated using Duncans
multiple range test was used to separate means.

Results and Discussion

The highest embryo survival rate was observed in M4
medium with 87.3%, followed by M3 medium with 77.6%
(Table 1). The lowest embryo survival rate was found as
36.7% in control. In plant regeneration rate results, a
similar development to embryo survival rates was
observed. The highest plant regeneration rates were found
in M4 and M3 medium (58.3% and 55.6%, respectively).
The lowest plant regeneration rates were found as 27.3%
and 36.0% in control and M1 medium respectively (Table
1, Figure 4).

In terms of embryo survival and plant regeneration
rates, kinetin treatment with increasing phenylboronic acid
concentration demonstrated better results. Also, Kinetin
treatments were found to be more efficient when compared
with benzyladenine concentrations. These results were in
contradiction with a study by Wachira and Ogada (1995).
Researchers have reported that embryogenesis capacity
decreases with increasing kinetin and BAP concentrations.

Figure 1. Location where tea fruits/seeds were collected
from a private tea farm at Pazar Rize next to the Faculty
of Agriculture

seeds

Figure 3. Surface sterilization of Camellia sinensis
fruits/seeds(a-c) and dissection of immature embryos (d)

In addition, the results demonstrated differences in
terms of explant formation of kinetin treatments in line
with the results obtained from the study by Bano et al.
(1991). The researchers reported that lower Kkinetin
concentrations produced better results in the formation of
somatic embryos, while increased kinetin concentrations
caused fragile and non-embryogenic calli.
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Table 1. Regeneration ability and plant regeneration rates of C. sinensis embryos cultured in different media

Medium Number of ~ Number of Survived Number of Regenerated Embryo Survival  Plant Regeneration
Explants Embryos Shoots Rate (%) Rate (%)

Control 30 11¢ 3¢ 36.7¢ 27.3¢

M1 50 254 9d 50.0¢ 36.0°¢

M2 52 33¢ 13¢ 63.5° 39.4¢

M3 58 45® 25 77.6° 55.6°

M4 55 482 282 87.3? 58.3?

*All values shown in a single column are statistically different using Duncans multiple range test at 0.05 level of significance
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Figure 4. Embryo survival and plant regeneration rates of C. sinensis embryos cultured in different media
The developmental stages of explant development after transferring explant to MS medium are given in Figure 5.

-

-

Figure 5. Different stages of explant dE\/eIopment after transfer to MS medium from embryo up to shoot development

Shoot organogenesis via callus is relatively difficult in
Camellia species, especially from the vegetative parts
(Frish and Camper, 1987; Gunasekare and Evans, 2000;
Wou et al., 1981). Therefore, somatic embryogenesis could
be applied to generate somaclonal variants. Thus in vitro
screening is possible in order to select few desirable
cultivars. Further, somatic embryos with genotypes of
selected elite parents are a potential source in the
production of artificial seeds, for germplasm storage,
genetic transformation and also for genetic and
biochemical studies. Somatic embryogenesis in tissue

culture has wide biotechnological applications by virtue of
its potential to bring about widespread changes (Lutz et al.,
1986; Tulecke, 1987).

As a result of our study, it was determined that
increased  Kkinetin  concentrations combined  with
phenylboronic acid induced more embryo survival rate
which ensured more plant regeneration rates via somatic
embryogenesis from immature cotyledon tissues. Present
results indicates that the use of tea cotyledons represents a
suitable method in developing tea plants in vitro.
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Conclusion

Somatic embryos were developed from immatured
ovules, which were excised from seed material. In tea
plants, seeds are heterozygous in nature and hence further
work is necessary to improve the efficiency of somatic
embryos and to test the genetic uniformity and quality of
embryos produced. Theoretically, somatic embryogenesis
with intervening callus stage has genetic variability.
Therefore, it provides a new selection method to produce
new breeding lines of tea.
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