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Abstract. Oncidium Golden Anniversary is a hybrid orchid that has been grown as cut flowers,
potted plant and is valued for its attractive flower shapes and colours. New hybrid orchids are
difficult to maintain and cultivate easily; therefore, cryopreservation technology has been applied
to conserve the orchid plant genetic resources. This study aims to evaluate the impact of
encapsulation-dehydration as one of the cryopreservation techniques on histological analysis of
Oncidium Golden Anniversary orchid PLBs using stock, cryopreserved and non-cryopreserved
PLBs. Results from the histological analysis indicated that the degree of plasmolysis due to
dehydration and ruptured cells after freezing were the main factors affecting the viability of
PLBs.

1. Introduction

One of the largest families in the flowering plants is Orchidaceae that have more than 800 genera and
25,000 to 35,000 species [1]. One of the species is Oncidium Golden Anniversary orchid which consists
of hundred yellow flowers that have red-brown spots on the petals at each spray. The flowers are lesser
in quantity but slightly bigger compared to common Oncidium flower. This hybrid flower of Oncidium
sarcatum and Oncidium sphacelatum has been known to be grown as a cut flower, potted plant and is
valued for its attractive features [1, 2]. The importance of orchid hybrids is due to its varieties in shapes
and colours, a better quality of the plant, free-blooming, and longer shelf-life. Therefore, the
development of the novel and hybrid orchid varieties has been rapidly growing. Generally, new orchid
hybrids are difficult to maintain and cultivated conventionally [3]. This situation has raised the
importance of conserving the hybrids that can preserve and safeguard the plants’ genetic resources,
especially for orchid hybrids that have the risk of a permanent lost [4,5]. Thus, cryopreservation
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technology has been developed for long long-term conservation of orchid plants that are endangered and
approaching extinction [4].

Cryopreservation refers to the storage of biological tissues in liquid nitrogen (-196°C) in which all
the activities including biochemical, metabolic and cell division are terminated. This technique is
suitable for a wide range of plant species because it uses limited space and maintenance and is also cost-
effective for long-term conservation. At the same time, it causes no changes in genetic makeup, viability
and vigour of the conserved materials [6, 7]. Encapsulation-dehydration is one of the methods that have
been applied to orchids [8]. The key to successful cryopreservation is to control the level of injury in the
cell structure [9, 10]. Membrane rupture caused by ice crystallisation, loss of enzyme activities,
membrane denaturation and cell wall degradation will cause severe structural damage to the cells [11,
12]. Thus, it is important to identify the cell structure and control intracellular ice nucleation in
cryopreservation protocol.

The main objective of this study is to investigate the impact of cryopreservation stages towards cell
morphology of PLBs via histological analysis.

2. Material and methods

2.1.Plant Materials

Plant materials used for microscopic analyses were protocorm-like bodies (PLBs) of Oncidium Golden
Anniversary orchid that is cultured in Plant Biotechnology Laboratory 310, School of Biological
Sciences, USM.

2.2. Encapsulation-dehydration

All encapsulation dehydration treatments conducted were adapted from Engelmann et al. [13] with some
modifications. PLBs were precultured on half-strength MS semi-solid media supplemented with 0.1 M
sucrose prior to encapsulation with 3% (w/v) sodium alginate solution and polymerised in 0.1M calcium
chloride solution. The beads were gradually transferred to osmoprotection media (0.15M and 0.25M)
and dehydrated using silica gel for 4 hours. For cryopreserved PLBs, beads were exposed into liquid
nitrogen for 1 hour and thawed rapidly at 40+2 °C for 90 seconds before cultured on recovery media.
Non-cryopreserved PLBs were directly cultured on recovery media which contained 20g/L sucrose.

2.3. Histological Analysis of PLBs Sample

PLBs were tested from different stages of cryopreservation such as stock, preculture, osmoprotection,
dehydration, thawing, noncryopreserved (-LN) and cryopreserved (+LN) stages. nistological studies
were adopted from Vyas et al. [14] method with some modification. Firstly, the PLBs were fixed with
formaldehyde (FAA) consisting of 95% ethyl alcohol, glacial acetic acid, formaldehyde and water at
ratio 10:1:2:7 for 7 days. Then, the PLBs were rinsed with distilled water for three times before
dehydrated in graded series of ethanol (50%, 70%, 85%, 98%, 100%, absolute | and absolute II).
Subsequently, the PLBs were exposed to xylene until the PLBs were transparent, followed by soaking
them into the mixture of xylene and wax (Shandon Histoplast Pelletised Paraffin Wax) for 30 minutes
in an oven at 60°C. The PLBs were then treated with wax I, Il and I11 for 1 hour respectively at 60°C
prior to block into a mould. The labelled blocks were sectioned at 11um using manual rotary microtome
to obtain a thin-sliced ribbon. The ribbons were mounted on a glass slide in a mounting bath before
placed on a slide warmer for a minute. The slides were then dried overnight at 40°C in the oven. After
that, the slides were stained with Periodic acid (0.5%), Shiff reagent and Naphthol Blue Black (1%).
The slides were left for air-dried and mounted by a coverslip. The observation, imaging and photography
of the slides were conducted using light microscope-compound (Olympus BX41, Japan) fitted with a
camera (X-Came61) using software analysis Image Processing version 5.1.
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3. Results and discussion

Cross-section of PLB stock (Fig. 1A) indicates that some of the outer layers around cells were burst and
damage while the inside cells remain intact and in isodiametric shape. The cells also resulted in
voluminous dense stained nuclei. The apical meristem of PLBs was densely stained by Naphthol Blue
Black (NBB), and starch accumulation was observed at cytoplasm, showing the presence of actively
dividing cells and soluble protein accumulations. Similarly, PLB of the preculture stage remains intact
with isodiametric cells (Fig. 1B). It has dense cytoplasm and stained nuclei that have confirmed the
presence of soluble protein accumulations for cell division and exhibited meristematic cells which were
actively dividing.

Addition of high concentration of sugar was always used as preculture treatment that caused a
number of cellular alteration including expression of freezing-tolerant genes and increment of total
soluble protein, proline and abscisic acid content [15]. Accumulation of sugar in the cells could help to
keep plasma membrane integrity, thus stabilising proteins under stress condition [16]. One of the early
physiological response of osmotically stressed cells is the increment of the protein level that is related
to freezing tolerance [15]. During preculture treatment, sucrose penetrates cells, and the occurrence of
starch has accumulated to supply energy for somatic embryo development, cell growth and proliferation
[17]. Therefore preculture with high sucrose could accumulate starch and protect the cell [18].
Accumulation of starch grain in cells indicates the survival of post cryopreservation. These results were
similar in Brassidium Shooting Star orchid study that has reported voluminous nucleus and denser
cytoplasm in precultured PLBs [19].

Normally, cells show turgidity and the cytoplasm stays within the plasma membrane when an
adequate amount of sucrose is used to desiccate. The PLBs is related to osmoprotection, and dehydration
stages resulted in increased levels of plasmolysed cells within the cytoplasmic and meristematic regions
(Fig. 1C-D). The cells were ruptured and undergone plasmolysis that has led them to collapse and shrink.
Popov et al. [20] mentioned cells that dehydrated to a great extent due to extreme sucrose concentration
will assist to plasmalemma rupture followed by cell death. The structural changes of the cells after
excessively desiccated resulted in the protein to denature [21].

At thawing and cryopreserved stages, the cytoplasm and meristematic cells exhibited ruptured and
had collapsed, composing of deformed and shrunken cells (Fig. 2A-B). The cytoplasm burst and released
cellular contents into intercellular space. Fig. 2C-D indicated intact polyhedral isodiametric
meristematic cells in non-cryopreserved PLBs. The nuclei and apical meristem of the PLBs were densely
stained showed that it was actively dividing cells and accumulating soluble protein. Starch
accumulations were also observed in the cytoplasm. This study has found that 4 hours of dehydration
time resulted in plasmolysis of the cells, causing them to collapse and shrink. The cells were ruptured
and had disorganised cellular. Poor dehydration during cryostorage will form crystal ice and caused cell
injury. However, the damage PLBs still have the possibility to regenerate as long as there is a cell that
can survive and develop a new cell [16]. A study by Ng and Saleh [22] reported that the area of dense
cytoplasm on the anterior side of the PLB could form a sheath-leaf that would further enlarge and
develop into true leaves.
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Figure 1. Histological section of PLBs of Oncidium Golden Anniversary orchid. (A) the stock of
PLBs (B) PLB following preculture stage (C) PLB following osmoprotection stage and (D) PLB
following dehydration stage. (pr: protein accumulation; sr: starch accumulation; pc: plasmolysed cell;
be: burst cell)

Figure 2. Histological section of PLBs of Oncidium Golden Anniversary orchid. (A) PLB following
thawing stage (B) cryopreserved PLB and (C, D) non-cryopreserved PLB. (rc: ruptured cell; pr:
protein accumulation; sr: starch accumulation).
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Sucrose act as a cryoprotectant in stabilising membranes during cooling, followed by adding sucrose
in preculture media is widely used in cryopreservation of plants [23,24,25]. Sucrose also decreases the
water content of cell osmotically and help the formation of a glassy state [26]. In this study, precultured
PLBs resulted in differentiation of proplastids into amyloplast containing starch. Helliot et al. [24] also
previously reported that the alterations in the biomembranes, such as the undulations of the plasma
membrane was caused by partial plasmolysis. Cell breakdown and cell death occurred when damages
take place on the membrane during exposure of cells to the freezing condition [27]. The reason for cell
death could also happen when ice crystals are formed. Thus, the free cellular water in cryopreserved
cells should be cooled rapidly to prevent ice crystal formation.

4.Conclusion

Different cryopreservation stages of Oncidium Golden Anniversary PLBs showed different degree of
plasmolysis and shrinkage of cells that resulted in cell damage. The morphology of the cells during
cryopreservation affect the viability of the PLBs post-cryopreservation.
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