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Abstract Tea breeding programs in Sri Lanka have produced a diverse range of
tea varieties. However, Sri Lanka has limited genetic diversity due to tea's non-
native origin. This study aimed to develop an efficient in vitro mutagenesis pro-
tocol for tea to enhance the genetic diversity of existing elite tea cultivars. This
approach, combined with advanced mutation breeding and tissue culture tech-
niques, aims to accelerate the tea breeding program. Tea Research Institute of Sri
Lanka (TRI SL) recommended cultivars were used to collect explants. Media
were prepared with varying concentrations of BAP (13 pmol, 18 umol, 22 umol,
and 27 pmol). Somatic embryos generated from leaf and cotyledon explants were
evaluated for suitability. The optimal time for in vitro mutagenesis was deter-
mined by subjecting cultures to irradiation at 1, 2, 3, 4, and 5 weeks after estab-
lishment. Significant differences were observed among BAP concentrations. A
BAP level of 13 pmol was found to be optimal for inducing leaf somatic embry-
ogenesis. This finding provides a foundation for establishing a robust somatic
embryogenesis protocol using leaf explants. Cotyledon somatic embryos were
more suitable for in-vitro mutagenesis than leaf somatic embryos. Cotyledon cul-
tures exhibited higher somatic embryo formation compared to leaf cultures. It is
hypothesized that somatic embryos from seedling tea may show significant dif-
ferences from other cultivars. After irradiation, a significantly higher survival
percentage was observed for cotyledon somatic embryos at 5 weeks and leaf so-
matic embryos at 4 weeks after inoculation.
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1 Introduction

Tea became the main plantation crop in Sri Lanka during the British era. At present, tea
plays a significant role in the economy, socio-culture, and political legacy. In 1824
British established the first tea plant in the Peradeniya Botanical Garden (Sandika,
2018). The tea sector's 0.7% of the GDP in 2022, sharing total exports of 11.3%, play-
ing a key part in Sri Lanka's economy (Weerasinghe et al, n.d.).

The tea plant (Camellia sinensis (L.) O. Kuntze) is a woody-perennial plant of which
the tender shoots are used to make the end product. Tea is a popular healthy beverage
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worldwide (Sandika, 2018). Asian countries, mainly China, India, and Sri Lanka, gen-
erate more than half of the world's tea production. In Sri Lanka, according to the eleva-
tion, tea growing areas are divided into three regions: the low country (below 600 m),
the upcountry (above 1200 m), and the mid-country (600-1200 m) (Gunasekara et al,
2009).

Sri Lanka has the highest contribution to the world black tea market. Ceylon tea has
high demand since ancient times due to its supreme quality (Gunasekara et al, 2009).
Despite this importance, the tea industry has been facing many challenges. Most of the
existing tea plantations in Sri Lanka are over 50 years old, with the current productivity
far below the optimum. Thus, there is an urgent need for rejuvenation through the adop-
tion of superior tea cultivars. To maintain the reputation of “Ceylon tea” in the world
and to serve the local tea industry, it is essential to focus on efficient tea crop improve-
ment strategies to develop grower-acceptable and climate-resilient tea cultivars (Gun-
asekara, 2012). Therefore, crop improvement with diversified breeding objectives are
needed (Sukirtharuban et al, 2020).

To develop elite cultivars, improving genetic diversity is important because genetically
diverse crops can survive under disease stresses and changing weather patterns. There-
fore, it is essential to explore new avenues to improve the genetic diversity of tea be-
yond cross-breeding due to the long juvenile period and its time-consuming nature.
Accordingly, the Tea Research Institute of Sri Lanka (TRI SL) focuses on the develop-
ment of new cultivars with high yield, high-quality tea, resistance to major pests and
diseases, and drought tolerance (Ranatunga, 2020). Conventional techniques assisted
by advanced mutation breeding, molecular breeding approaches, and tissue culture
techniques have been used to accelerate the tea breeding programme.

In contrast to conventional breeding, which can take up to 25 years to release a new
cultivar, biotechnological methods offer valuable tools for accelerating tea crop im-
provement and the screening of superior plants. Tissue culture-based breeding ap-
proaches combined with induced mutations have shown promise in creating substantial
genetic variation in elite cultivars (Ranaweera et al, 2022).

Compared to crossbreeding, mutagenesis can target specific traits in a promising culti-
var without significantly altering its overall genetic background. This makes mutation
breeding a viable option for creating genetic variability in commercial clones. Moreo-
ver, in-vitro plant cell and tissue culture techniques provide a feasible method for gen-
erating novel genetic variability (Penna et al, 2012). The research aim is to generate
somatic embryos for use as an efficient explant in mutagenesis.

2 Materials and Methodology

The study was carried out at the Tissue Culture Laboratory of the Plant Breeding Divi-
sion of the Tea Research Institute of Sri Lanka, Thalawakelle. The Sri Lankan Tea
Research Institute is situated in the montane wet zone’s agro ecological region WU2a
between latitude 6°54'54”° N, and longitude 80°42'18"’ E (Panabokke, 1996).
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2.1 Plant Materials

Leaves and seeds were collected from tea varieties TRI 5002, TRI 5004, TRI 2025 and
PK2, which are grown in the greenhouse, mother bush sites, in TRISL. Mother plants
of TRI recommended cultivars are grown in the greenhouse at the TRISL, and sprayed
with Metalaxil 8% + Mancozeb 64% WP fungicide two times in a seven-day interval,
followed by Hexaconozole 5% EC fungicide one time for another 10 days before col-
lecting leaves as a pre-harvesting sterilization measure. Seeds were collected from
mother bush sites and germplasm in TRISL.

2.2 Culture conditions

For the induction of somatic embryos, cultures were maintained under a controlled en-
vironment having 25+2°C temperature with dark conditions.

Murashige and Skoog Media Preparation (MS medium)

MS basal medium was supplemented with 30 g/L. sucrose and various concentrations
of BAP (T1- 13 pmol, T2- 18 pmol, T3- 22 umol, and T4-27 umol). The pH was ad-
justed to 5.7, and the medium was solidified with 2.5 g/L. Phytagel. After autoclaving,
the medium was dispensed into Petri dishes and stored at 4°C (Ranaweera et al, 2022).

2.3  Experiment 01

Objective: To optimize the medium composition for the development of somatic
embryos from leaf explants for in vitro mutagenesis.

2.3.1 Sterilization and inoculation of explants

Fresh leaves were washed with detergent, rinsed with distilled water, and then im-
mersed in 20% Clorox for 30 minutes. After rinsing with distilled water, the leaves
were further sterilized by washing with autoclaved distilled water in a laminar flow
hood (Farzinebrahimi et al, 2013). Sterilized leaves were cut into pieces measuring 1
cm?, ensuring veins and midribs were avoided. Leaf explants (1 cm?) were inoculated
onto MS medium. Five explants were placed per dish, and 10 replicates were estab-
lished for each BAP concentration and cultivar. Cultures were incubated at different
durations (1-6 weeks) to determine the optimal duration for somatic embryogenesis.

2.4  Experiment 02

Objective: To determine the most suitable explant type (leaf or cotyledon) for somatic
embryogenesis and identify the optimal maturity stage for mutagenesis.
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2.4.1 Seed Collection and Sterilization
The mature seeds were sterilized by washing with detergent, rinsing with distilled wa-
ter, and immersing in 20% Clorox for 30 minutes. After rinsing, the seeds were further

sterilized with autoclaved distilled water in a laminar flow hood (Abeywardana et al,
2015).

2.5 Experiment 03

Objective: Evolution of the radio sensitivity of different explants to y-ray irradiation
as an efficient mutagenesis.

2.5.1 Explants Selection, Irradiation, and Subculturing

Somatic embryos from cotyledons were selected and subcultured. Control samples
were not irradiated.

Based on radio sensitivity tests, the explants were treated with 17 Gy of y-rays, a dose
known to induce mutations in tea. (Sukirtharuban et al, 2020). Explants at different
maturity stages (1-6 weeks) were irradiated and then subcultured onto the fresh me-
dium.

2.6  Experimental Design

The experiment was carried out as a Complete Randomized Design (CRD). Every sin-
gle plant was considered as an experimental unit. 10 replicates were used.

2.7  Data analysis

Appropriate descriptive statistical tools were used to present the qualitative data. So-
matic embryo formation from each treatment for different explants was analyzed using
the probit analysis method. Mean separation was conducted with the Duncan Multiple
Ranges Test at a 5% significance level using SAS statistical analysis software. Survival
percentage of somatic embryos after irradiation in each treatment was analyzed using
the chi-squared analysis method. The percentage (%) of embryo formation was calcu-
lated as the Total number of explants with embryos/the Total number of cultured ex-
plants x 100 (Ranaweera et al, 2022).
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3 Results and Discussion

3.1 Optimization of the medium composition to develop somatic embryos
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Fig. 1. Mean percentage of somatic embryo formation in different treatment composi-
tions

MS medium supplemented with 13 pmol BAP (T1) exhibited the highest level of so-
matic embryogenesis (Fig. 1). As the BAP concentration increased, the formation of
somatic embryos decreased, illustrating that high cytokinin levels might prevent em-
bryogenic induction (Fig. 2). Garbari et al (2020) found that Coffea arabica exhibited
optimal embryo formation at 10-15 pmol BAP, but further increases resulted in callus
formation rather than organized somatic embryos. In Daucus carota, Chen et al (2018)
reported that somatic embryogenesis was significantly reduced when BAP concentra-
tions exceeded 10 pumol, supporting the present findings.

Similar behaviours have been observed in other types of plants. Lubabali (2015) ob-
served direct somatic embryogenesis of selected commercial Coffea Arabica L. varie-
ties in Kenya. According to his findings, the best medium composition for coffee is 13
pmol BAP. Kumar ef a/ (2016) investigated somatic embryogenesis in Brassica juncea
and found that 12-15 pmol BAP resulted in the highest embryogenic response, while
concentrations exceeding this range led to decreased embryo formation.
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Treatment 01 h Treatment 02

Treatment 03 Treatment 04
Fig. 2. Microscopic view of somatic embryo formation of different treatment composi-
tions

In somatic embryogenesis, the embryo development process has several steps, such as
the globular, heart, torpedo, and cotyledonary stages (Goldberg et al, 1994). The results
clearly show that the highest globular stage SEs were observed in medium composition
supplemented with 13 pmol BAP (T1) in leaf explant (Fig. 3).

Fig. 3. Globular stage Somatic Embryos
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3.2 Determination of the most suitable explant type for rapid somatic
embryogenesis suitable for in-vitro mutagenesis

After 1 week After 2 weeks

After 3 weeks After 4 weeks

Fig. 4. Microscopic images of leaf somatic embryos at four weeks after inoculation

After 1 week of After 2 weeks of After 3 weeks of
inoculation inoculation inoculation

After 4 weeks of After 5 weeks of
inoculation inoculation

Fig. 5. Cotyledon somatic embryos at different weeks after inoculation
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Fig. 6. Mean number of somatic embryos in leaf and cotyledon explants

The highest somatic embryo formation occurred at cotyledon explants (Fig. 6). This
significant explant effect coincides with earlier research findings that cotyledons re-
spond more readily to somatic embryogenesis than the leaf tissues (Wang et al, 2020).
According to the observation on the generation of leaf and cotyledon somatic embryos,
more somatic embryos can be obtained using cotyledon cultures. These results agree
with Ranaweera ef al (2022), who reported regeneration (Fig. 4, 5).

3.3  Evaluation of the most suitable maturity stage of somatic embryos from
different explants for in-vitro mutagenesis

As the dosage of gamma rays increases, the survival rate of somatic embryos decreases.
TRI research found that the LD50 value, which reduces somatic embryo survival by
50%, is crucial (Sukirtharuban et al, 2020).

Leaf-derived somatic embryos from earlier stages wilted and failed to survive or regen-
erate after irradiation (Fig. 3 and 4). The somatic embryos from early stages turned dark
brown after irradiation. Research on other species has shown that explants at later stages
of development are more resistant to mutagenic stress than younger, less mature tissues
(Wang et al, 2020).
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Fig. 7. Cotyledon somatic embryo formation at different maturity stages

The survival and regeneration of leaf somatic embryos is significantly different be-
tween the stage of inoculation at which they were exposed to irradiation. The higher
number of SEs survived after the irradiation when they are in the week four stage.

The main bottleneck in the mutation breeding of vegetatively propagated plants is the
formation of chimeras. Therefore, attempts were made to find ways to overcome this
situation. Management of chimera and in vitro techniques has opened a new way for
isolating new flower color/shape ornamental cultivars through the retrieval of mutated
cells. The problem can be overcome using somatic embryos (Datta et al, 2012).

In mutation induction, gamma radiation tests are performed to select the optimal stage
for mutagenesis. This corresponds to the gamma treatment, which will provide the mu-
tant trait with a low-mutational load genetic background at a frequency that can be
detected in a mutant population. This is especially important in tea crop with a long
juvenile period and, consequently, difficulty in restoring an elite genetic background
by backcrossing. The leaf blade area observed wilted after the gamma irradiation (Bado
et al, 2017). However, Different cultivars showed various survival rates of SE after the
in vitro mutagenesis process. A higher survival rate was achieved by the cotyledon SE
derived from seedlings. A lower survival rate was shown by the SE regenerated from
PK2 cultivar. To increase the success rate of sprouting after gamma irradiation, sub-
culturing can be used to overcome the wilting and browning that occurs in the cotyledon
parts. For the leaf cultures, among the 4 different cultivars SE obtained from TRI 2025
showed a higher survival rate. SE from TRI 5004 cultivar shows a lower survival rate.
The results agree with Sukirtharuban et al (2020) and Bado ef a/ (2021).

In the stage 05, the somatic embryos did not wilt or turn brown after the irradiation
process (Fig. 7.). Some days after the gamma irradiation, the newly emerged somatic
embryos were be observed in light green color. In leaf explants, SE of stage 4 showed
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the same result as SE of cotyledon cultures. After the irradiation, the leaf margins be-
come dark in color, in younger stages, and the regeneration of somatic embryos was
reduced (Lubabali, 2015).

4 Conclusion

The present study has developed and optimized the somatic embryogenesis protocol for
in vitro mutagenesis of tea. A significant difference between the different BAP concen-
tration for embryo formation was observed. The study revealed that the best tissue cul-
ture medium for leaf cultures is MS medium with 13 umol BAP which showed a sig-
nificantly higher number of somatic embryos generation among all tested BAP concen-
trations, hence, this medium can be effectively used for rapid somatic embryogenesis
from leaf cultures. There was a significant difference between the number of somatic
embryos generated after irradiation treatment from the two explants used in the study.
Cotyledon explants provided a higher number of stable somatic embryos after irradia-
tion treatment than the leaf explants. To meet the required amount of irradiated somatic
embryos, cotyledon somatic embryos can be effectively used. When determining the
best stage for irradiation treatment for leaf cultures, both tissue culture medium and
maturity stage significantly influenced the number of somatic embryos generated after
irradiation treatment. Leaf derived somatic embryo cultures of 04 weeks old were rec-
orded as the best stage. For cotyledon cultures, both cultivar and maturity stage signif-
icantly influenced the number of somatic embryos generated after irradiation treatment.
Best maturity stage for in vitro mutagenesis was 05 weeks old, for somatic embryo
derived from cotyledon explants.
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