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ABSTRACT

Carnivorous plants are generally uncommon and some of the species are endangered.
These plants have the most unusual adaptation to survive in environment that is
nutrient deficient by capturing preys. Hence, propagation is required to prevent the
extinction of these species. In vitro propagation could mass propagate the species to
address the problem. Somatic embryogenesis (SE) could produce higher number of
propagates. Besides, SE is studied to understand similar -process of zygotic
embryogenesis. The purpose of this research was to look for cellular and molecular
markers during the early events of SE. Explan,ts.of D. burmannii and D. tokaiensis
were subcultured on a medium supplemented w,ith't’hidiazuron to induce SE. Explants
were sampled based on different incubation period where day-0 sampling served as
negative control. Major events that occurred from the transition of induced cells into
somatic embryo, and up to globular structure were investigated using histology.
Specific primers targeting EF1 and GAPDH were designed from previous isolated
sequences from D. tokaiensis. Degenerate primers were also designed from
downloaded déltabase sequences. RT-PCR was performed using the designed specific
and degenerate primers followed by sequence analysis. Isolation of SE induced cells
from their surrounding was observed. Early events leading to the formation of
globular structures in epidermis cells reconfirmed a previous study, which was
documented alongside some new findings elaborated in the Results section. SE from
induced mesophyll cells proposed previously was documented in this study. Specific
primers targeting EF1 and GAPDH genes successfully amplified their target sequence
and could be used for quantitative PCR (qPCR) in future. ACT and SERK]1 sequences
were isolated and could be used for designing gPCR specific primers for detection of
SE in D. tokaiensis. SERK1 gene could be used for early detection of SE while ACT,
EF1 and GAPDH could be used as a normalisation in PCR. Findings obtained in this
research facilitate deeper understanding of early development of SE and SE

regeneration pathway could serve as a reference to provide understanding in other

plant species.
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CHAPTER 1

INTRODUCTION

Conservation is paramount to conserve endangered or soon to be endangered species.
A wide range of wildlife species are included in the CITES Appendices, lists of
specics compiled based on how threatened the species are, extending to many
prominent species which include carnivorous plants (CITES, 2013). Camnivorous
plants have the most unusual adaptation to survive in an environment that is nutrient
deficient. Most plants obtain their nutrients from soil whereas carnivorous plants
obtain extra nutrient supply through carnivory. Théir leaves have the ability to trap,
‘digest and absorb the nutrients from their preys therefore decreasing their dependence
on photosynthesis (Krdl et al., 2011). Carnivorous plant is generally uncommon,
therefore illegal poaching and destruction of its natural habitat through urbanisation,
agriculture, and forestry are threatening the population of carnivorous plants
(Botanical Society of America, 2012; TUCN, 2015). Hence, carnivorous plants should
be conserved to prevent extinction of these wonderful species and one of the

approaches is though plant propagation.

Plant propagation is a cultivation technique which involves in production of
plants using different initial materials such as leaves, roots, stems, or other explants.
Propagation techniques include in vitro propagation and conventional propagation
(Bareja, 2010). In vitro propagation is able to produce large number of plantlets in a
sterile and disease-free environment and provides essential nutrients for the plantlets
to grow (Fay, 1994). In addition, in vifro propagation is preferred as the propagation
can be controlled with the use of growth regulator and favourable environment

(Bhojwani & Dantu, 2013).

There are two regeneration modes in in vitro propagation, namely somatic
embryogenesis and organogenesis. Somatic embryogenesis is a development process
to generate somatic embryos from somatic cells under appropriate conditions.
Meanwhile organogenesis in plant produces plant organs, mainly shoots and roots,

induced by plant growth regulators, Somatic embryogenesis enables production of




arge number of plantlets when induced and the process does not require high labour
.'force compared to organogenesis (Bhojwani & Dantu, 2013). In addition, plantlets
derived from somatic embryogenesis are lesser m variation among each other; in
contrast, organogenesis are more prone to undergo mutations and epigenetic changes
| (Tsukaya & Beemster, 2006). However, problem faced by many plant biologists was
that growth and development of cells and tissues that occurred in a short span of time
was unable to be observed with naked eyes especially during certain embryogenesis
stages (Sia, 2015). Somatic embryogeﬁesis can be recognised if specific cellular or

molecular cues are detected.

Plant anatomy is important in this research to recognise and determine the
developmental events which occurred inside the Jplant at different stages and to
provide a better understanding of relationship between the expression of gene and
| biological events during the developmental process of somatic embryogenesis (Yang,
& Zhang, 2010). Developmental events can be determined by comparing cellular
structure and morphology with cellular marker (Arnold, Sabala, Bozhkov, & Filonova,
2002). These developmental events provide an in-depth understanding of mechanisms
:-li_j required during the transition into embryos in term of biochemical, morphological and
cellular structure (Kurczynska et al., 2012). Hence, histology approach plays a role in
 this research to observe the difference between the explants at cellular level sampled

at specific intervals,

During the early stage of embryogenesis, it was proposed that there were two
possible pathways of embryogenesis (Sia, 2015). One of the pathways was described
in detail with evidences but the other pathway lacked sufficient information to
describe the transition of somatic cells into somatic embryos. More samplings should
be done to reconfirm these previous observations and discover development stages
not reported previously. The more complete the regeneration model of selected

carnivorous plants, the better it can be used for somatic embryogenesis detection.

Another approach which complements histological approach is via molecular
detection of somatic embryogenesis-related gene expression in developing explants
and embryos (Chugh & Khurana, 2002). Previous study by Nor Farrah Wahidah
(2015) found that elongation factor gene expression was the highest at day 28 where
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