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PLANT SCIENCE
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Abstract

Dendrobium sonia-28, an ornamental orchid in the Malaysian flower industry, is under risk of producing
heterozygous progenies. Cryopreservation is a favoured long-term storage method for orchids with propagation
problems. The droplet-freezing technique, utilising the principles of vitrification, has emerged as an important
technique in the preservation of various plant species. This study was conducted to optimise the droplet-freezing
technique for protocorm-like bodies (PLBs) of Dendrobium sonia-28, with viability tests conducted through the
2,3,5-triphenyltetrazolium chloride assay. The best results were obtained when 1-2 mm PLBs were precultured
for 24 hours on half-strength Murashige and Skoog (MS) semi-solid medium supplemented with 0.5 M sucrose,
placed in a loading solution for 10 minutes and dehydrated in PVS2 at 0°C for 20 minutes, prior to thawing,
unloading in 1.2 M sucrose and recovery on semi-solid recovery medium composed of half-strength MS

components and 2% sucrose for three weeks.
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Introduction

Commercially valuable Dendrobium orchids
such as Dendrobium sonia-28 are popular as cut
flowers and ornamental plants due to their frequent
flowering and high number of flowers for each
inflorescence (Martin and Madassery, 2006).
Dendrobium wholesale in Hawaii is valued at about
USD 10 million (Sewake, 1999), while
Dendrobium cut flowers contributed 80% of total
cut flower production in Thailand (Bureau of
Agricultural Economics  Research,  2003;
Samtinoranont and Wannakrairoj, 2010). The
economic importance of Dendrobium orchids
increases the urgency to conserve valuable orchid
germplasm. The need of orchid conservation is also
driven by various factors such as loss of orchid
habitat in nature and illegal collection by hobbyist
(Siregar, 2008).

Cryopreservation presently provides a long term
conservation option, requiring only a minimum of
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space and maintenance (Sakai et al., 1991). For
successful cryopreservation, intracellular freezing,
which occurs during rapid cooling in liquid
nitrogen (LN), must be avoided. One of the keys to
successful cryopreservation by vitrification is the
careful control of dehydration and prevention of
injury by chemical toxicity. Specimens to be
preserved have to be sufficiently dehydrated to
avoid intracellular freezing and thus vitrify upon
rapid cooling (Pandey et al., 2008).

The droplet-vitrification method, reported to be
a promising technique in the plant cryopreservation
field, is based on the droplet-freezing method that
was established for potato (Schéfer-Menuhr et al.,
1997) using 10% DMSO as the cryoprotectant.
Droplet-vitrification is a cryopreservation method
capitalising on the direct vitrification of small
volumes of water containing cryoprotective
additives placed on highly efficient, heat-
conducting materials such as aluminium foil (Panis
et al., 2005; Sakai and Engelmann, 2007; Galdiano
Jr. et al, 2012). Successful attempts of this method
have been reported for asparagus (Mix-Wagner et
al., 2000), yam (Leunufna and Keller, 2003) and
rose (Halmagyi and Pinker, 2006). Highly
concentrated  cryoprotectants such as plant
vitrification solution 2 (PVS2) are used to protect
the cells during freezing and to promote recovery of
the plant tissue after storage in liquid nitrogen
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(Sakai, 1997). The droplet-vitrification method was
the only method giving regeneration in three
banana cultivars: Nakitengwa, Ingarama and Amou
(Panis et al., 2004).

A post-cryopreservation viability test is defined
as a test “that evaluates stress caused to plant tissue
by cryopreservation and expresses the probability
for survival or regrowth” (Verleysen at al., 2004).
The best survival assessment of cryopreserved
tissues is through regrowth of the target tissues into
plantlets. However, regrowth is very slow in many
cases, especially when a cryopreservation protocol
is still in the optimisation stage. In this case,
application of viability tests, based on the cellular
absorption of dyes cannot be avoided, as most
cryopreservation protocols require rapid
assessments on whether the material survived the
cryopreservation procedure (Leslie et al., 1995).
The TTC assay, qualitative for large tissues and
organs, is often used for embryos and axes, and is
reduced into red-coloured formazan by respiration
in mitochondria of the living cells. This method is
based on the metabolic activity of living plant cells,
as living cells or viable areas of the target plant
sample absorbs the colourless TTC compound,
which is then reduced by dehydrogenases, yielding
triphenylformazan or reduced TTC (Van Waes and
Debergh, 1986; Verleysen at al., 2004). Tsukazaki
et al. (2000) reported that the TTC reduction assay
and regrowth observations used in the assessment
of survival of Doritaenopsis suspension culture
cryopreserved by vitrification were correlated.

In this study, the plant vitrification solution 2,
commonly known as PVS2 (Sakai et al., 1991) was
used as a cryoprotectant to dehydrate and
cryopreserve protocorm-like bodies (PLBs) of
Dendrobium sonia-28 via the droplet-freezing
method. The objectives of the present study are to
ascertain the best PLBs size suitable for
cryopreservation, and also to evaluate the effects of
various sucrose concentrations, loading periods and
PVS2 treatment periods on the viability of
cryopreserved PLBs of Dendrobium sonia-28.

Materials and Methods
Plant material

In vitro cultures of protocorm-like bodies
(PLBs) of Dendrobium sonia-28 were selected for
this study. The PLBs were cultured on half-strength
Murashige and Skoog (MS; Murashige and Skoog,
1962) semi-solid media supplemented with 1 mg/L
benzylaminopurine (BAP), 20 g/L sucrose and 2.75
g/L Gelrite. The cultures were incubated at 25+2°C
under 16-hours photoperiod using white fluorescent
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lamps (Philips TLD, 36 W) set at 150 pmol m?s™.
The PLBs were subcultured every four weeks.

Effect of PLB size

In order to determine the best PLB size in the
application of the droplet-freezing method, four-
week old 1-2 and 3-4 mm PLBs of Dendrobium
sonia-28 were precultured on medium consisting of
semi-solid half-strength MS components and 0.5 M
sucrose. The PLBs were then incubated for 24
hours at 25+2°C under 16 hours photoperiod using
white fluorescent lamps (Philips TLD, 36 W) set at
150 pmol m?2 s, The PLBs were then placed in
sterile cryovials and immersed with a loading
solution composed of liquid half-strength MS
medium supplemented with 0.4 M sucrose and 2.0
M glycerol, for 20 minutes. For dehydration, the
PLBs were immersed in PVS2 (30% [wi/v] glycerol,
15% [wi/v] ethylene glycol, 15% [w/v] Me,SO and
0.4 M sucrose at 0°C for 20 minutes (Sakai et al.,
1991). The PVS2 was drained from the cryovials
and the PLBs were then transferred onto 10 pl
PVS2 droplets placed on a strip of sterile
aluminium foil. The foils were carefully folded and
submerged into LN for at least one hour. All
solutions used were exchanged with fresh solutions
after 10 minutes.

Effect of preculture

To determine the best sucrose concentration for
preculture, PLBs with the optimal size (as selected
from the previous treatment) were cultured on half-
strength MS semi-solid medium supplemented with
various sucrose concentration (0.0, 0.25, 0.5, 0.75,
and 1.0 M). The osmoprotection and dehydration
steps were conducted as in the determination of the
best PLB size for cryopreservation.

Effect of loading and dehydration treatments
The best PLB size and preculture conditions
were selected from the previous sections to proceed
with the next steps of the treatment. In order to
assess the effect of loading duration on the PLBs,
the PLBs were immersed in loading solution for 10,
15, 20, 25, 30 and 35 minutes, with an exchange of
fresh solution at half-time intervals. This was
followed by immersing the PLBs in 1.5 ml PVS2
for 20 minutes at 0°C. The solution was exchanged
after 10 minutes with fresh PVS2.
In order to assess the effect of dehydration on
the PLBs, the PLBs were immersed in 1.5 ml
loading solution (half-strength MS medium
supplemented with 2 M glycerol and 0.4 M
sucrose) at room temperature for 20 minutes. The
loading solution was removed and replaced with
1.5 ml PVS2 at 0°C for 10, 20, 30 or 40 minutes.
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Thawing, unloading and PLBs growth recovery

Non-cryopreserved and cryopreserved PLBs
from all treatments were subjected to the recovery
steps mentioned in this section. The foils were
carefully removed from LN and rapidly thawed in
10 ml unloading solution (half-strength MS
solution with 1.2 M sucrose) for 20 minutes at
room temperature. After 20 minutes, the PLBs were
transferred onto a piece of sterile filter paper to blot
dry the unloading solution.

The PLBs were transferred onto two pieces of
sterile filter papers placed on semi-solid recovery
medium composed of half-strength MS components
and 2% sucrose, and incubated in the dark for one
day at 25+2°C. The PLBs were then transferred
onto fresh recovery medium without the filter paper
and incubated in the dark at 25£2°C for one week.
The PLBs were slowly exposed to dim light by
incubation under a layer of white cloth for one
week. Finally, the PLBs were exposed to light and
incubated for one more week at 25+2°C under 16
hours photoperiod using white fluorescent lamps
(Philips TLD, 36 W) set at 150 pmol m?s™. Non-
cryopreserved PLBs were subjected to the same
treatment as cryopreserved PLBs, except for
storage in LN.

PLBs viability assessment

After 3 weeks of recovery, the viability of
cryopreserved and non-cryopreserved PLBs were
assessed using the 2,3,5-triphenyltetrazolium
chloride (TTC) analysis, set at 490nm (Verleysen et
al., 2004).

Statistical Analyses

The treatments consisted of six replicates, each
containing 10 PLBs. Means in the determination of
the best PLB size were analysed through
independent sample’s t-test. Means from other
treatments were analysed with one-way ANOVA
and differentiated with Tukey’s test. The
probability value was set at 0.05.

Results
Effect of PLB size

The results of this study showed that 1-2 mm
cryopreserved PLBs produced higher absorbance
values compared to 3-4 mm cryopreserved PLBs
(Figure 1), hence their selection for the subsequent
steps of the experiment. On the other hand, 3-4 mm
PLBs produced higher absorbance values compared
to 1-2 mm PLBs in the control treatments.

Effect of Sucrose Preculture

It was observed that the cellular viability of
cryopreserved and non-cryopreserved PLBs was the
highest when PLBs were precultured in 0.5 M
sucrose (Figure 2). The viability of cryopreserved
PLBs decreased when they were precultured in
higher sucrose concentrations (>0.5 M) prior to
storage in LN.

Effect of loading treatment

Results from the loading treatment showed that
10 minutes of loading produced the highest
viability for cryopreserved PLBs of D. sonia-28
(Figure 3). The decrease in cellular viability after
the 10th minute indicated that extended exposure to
loading solution is harmful for PLBs of D. sonia-
28.

1-2mm

PLBs size

B With LN

3-4mm

Figure 1. Effect of PLB size in the cryopreservation of Dendrobium sonia-28.
The PLBs were precultured in 0.5 M sucrose prior to loading, dehydration and
storage in LN. The PLB sizes tested were 1-2 mm and 3-4 mm. Error bars show
corresponding standard deviation.
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Figure 2. Effect of preculture on the viability of non-cryopreserved and
cryopreserved PLBs of Dendrobium sonia-28. The tested sucrose concentrations
were 0, 0.25, 0.50, 0.75 and 1.0 M. Error bars show corresponding standard
deviation.
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Figure 3. Effect of different loading durations on the viability of cryopreserved
PLBs of Dendrobium sonia-28. The tested loading durations were 0, 5, 10, 15,
20, 30 and 35 minutes. Error bars show corresponding standard deviation.
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Figure 4. Effect of different dehydration durations on the viability of
cryopreserved PLBs of Dendrobium sonia-28. The tested PVS2 durations were
0, 10, 20, 30, and 40 minutes. Error bars show corresponding standard deviation.
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Effect of PVS2 treatment

Cryopreserved PLBs of D. sonia-28 showed
increasing cellular viability with increased exposure
to PVS2 (Figure 4). A significantly high cellular
viability was recorded when PLBs were exposed
for 20 minutes to PVS2, suggesting that the PLBs
can be effectively dehydrated at the mentioned
duration without causing harmful effect to the cells.
The drastic decline of cellular viability in PLBs of
D. sonia-28, with increasing exposure to PVS2 (30
and 40 minutes), could be due to the toxic effect of
the solution.

Discussion

Effect of PLB size

The best results in the cryopreservation of PLBs
of Dendrobium sonia-28 were obtained when 1-2
mm PLBs were used in the vitrification protocol,
compared to 3-4 mm PLBs. This result corresponds
to that obtained by Pouzi et al. (2011), who
discovered that the best viability in the
encapsulation-dehydration of D. sonia-28 was
obtained when 1-2 mm PLBs were precultured in
1.0 M sucrose for 24 hours (Pouzi et al., 2011). In
Iris nigricans, 2-4 mm somatic embryos produced
higher survival rates compared to 1-2 mm or 4-6
mm embryos (Shibli, 2000; Lambardi et al., 2008).
Lambardi et al. (2005) discovered that within the
callus clumps of Aesculus hippocastanum,
embryogenic masses at an advanced stage of

somatic embryo maturation, for instance, the
torpedo  stage, produced optimum  post-
cryopreservation  regrowth  of healthy and

proliferating embryogenic callus, performing better
than callus clumps composed predominantly of
globular, heart shaped and cotyledonary somatic
embryos (Lambardi et al., 2008). Hence, the
outcome of this cryopreservation treatment could
have depended on the age or the growth stage of the
PLBs prior to the cryopreservation process.

Effect of Sucrose Preculture

High sucrose concentrations applied in this
study resulted in excessive cell dehydration, with
consequences on the viability of explants
(Halmagyi and Pinker, 2006). The cellular viability
of the PLBs in this study displayed a similar pattern
to that observed in cryopreserved Lilium (Chen et
al., 2010). The best results in the encapsulation-
vitrification of PLBs of Dendrobium candidum
Wall. ex Lindl. were obtained when the PLBs were
subjected to a five-day preculture in 0.75 M sucrose
medium with BAP and 1-naphthaleneacetic acid
(NAA) (Yin and Hong, 2009). Results of a study by
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Tan et al. (2010) showed that the best viability rate
in the cryopreservation of D. sonia-28 was achieved
when 3-4 mm PLBs were precultured in semi-solid
half-strength MS media with 0.6 M sucrose and
dehydrated in PVS2 at 0°C for 20 minutes. In the
cryopreservation of Dendrobium Bobby Messina by
vitrification, the best viability rate was obtained
when 3-4 mm PLBs were precultured in either 0.6
M sucrose or 1.2 M sorbitol (Antony et al., 2010).

Preculture of plant materials in medium
containing sucrose or sorbitol boosted the survival
of cryopreserved shoot tips of white clover
(Yamada et al., 1991), apple and pear (Niino et al.,
1992). The beneficial effect of sucrose in
cryopreservation could be due to two effects
(Steponkus et al., 1992). First, sucrose, like other
osmotically active substances, has an osmotic
dehydration effect during treatment, leading to
reduced water content in the tissue (Reinhoud et al.,
1995, Tanaka et al., 2004). Furthermore, sucrose is
able to penetrate the cells (Dumet et al., 1993),
proven by histological observations of intracellular
accumulation of starch  during  preculture
(Gonzalez-Arnao et al., 1998). The accumulation of
sucrose within the tissue contributes to the cell
viability by assisting in the removal of cellular
water to the point of glassy state during vitrification
(Steponkus et al., 1992). Sugars are also known to
play a crucial role in the preservation of the
membrane integrity (Crowe et al.,, 1988) and
protein structure (Leslie et al., 1995) during
dehydration.

Effect of loading treatment

The loading solution is credited in the reduction
of injurious membrane changes resulting from
severe dehydration (Ishikawa et al., 1997). In this
study, the effect of the loading solution on the
survival of PLBs of Dendrobium sonia-28 was
neither readily apparent nor significant in either the
control or freezing treatments. Wang et al. (2004)
stated that the loading treatment, regardless of the
immersion durations, did not influence the viability
of grapevine embryogenic cell suspensions, with
viability percentages recorded at about 85 and 76%
for non-cryopreserved and cryopreserved cells
respectively. Panis et al. (2005) also observed that
loading treatment conducted for any duration did
not significantly affect regeneration of control or
cryopreserved Musaceae meristems. However, a
study by Takagi et al. (1997) showed that a loading
treatment for taro shoot tips was important in
ensuring their survival post-cryopreservation, with
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the best result obtained when the samples were
osmoprotected for 20 minutes.

Effect of PVS2 treatment

Cryoprotectants such as PVS2 function to
protect and to recover the plant material after
storage in LN (Sakai, 1997). The optimal
dehydration treatment of different plant species
(with varying water content and membrane
permeability) can differ considerably. Towill and
Jarret (1992), and Sakai (1997) reported that long
exposure of explants to highly concentrated
vitrification solution is potentially injurious because
of the phytotoxic effects of individual component
or combined osmotic effect on cell viability.

Tiau et al. (2009) reported that 2-4 mm PLBs of
D. sonia-28 gave the highest viability when PLBs
were precultured in 0.25 M sucrose, followed by
dehydration in PVS2 at 0°C for 20 minutes. This
corresponds to the results obtained in this study.
Cryopreserved PLBs of Bratonia had to be
dehydrated for one hour in modified PVS2
supplemented with PEG instead of ethylene glycol
to boost post-thawing recovery percentages up to
20.4% (Popova et al., 2010). Tsukazaki et al.
(2000) discovered that the use of PVS2 was
detrimental to the survival of Doritaenopsis
suspension culture as the TTC stainability reduced
to 80% when the cells were precultured in 0.056,
0.1, 0.2, 0.3 or 0.4M sucrose and immersed in
PVS2, compared to cells that were simply
precultured and not dehydrated (85%). However,
cells that were not dehydrated did not survive the
cryopreservation procedure at all. A three- to five-
hour dehydration period was required for the
embryos of Bletilla striata (Ishikawa et al., 1997).
On the other hand, apical meristems of Japanese
horseradish  required only 10 minutes of
dehydration in PVS2 prior to cryostorage
(Matsumoto et al., 1994). The differences in the
dehydration period for various plant species was
attributed to the cell clump sizes, developmental
stages and physiological condition of the explant
(Tsukazaki et al., 2000).

Conclusion

In this study, it was found that the highest
viability in the cryopreservation of PLBs of
Dendrobium sonia-28 through the droplet-freezing
method was achieved when 1-2 mm PLBs were
precultured in  half-strength MS  medium
supplemented with 0.5 M sucrose, placed in the
loading solution for 10 minutes, and dehydrated in
PVS2 for 20 minutes.
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