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Rare Thai Orchid Species by an Encapsulation-Dehydration Method
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Abstract: Protocorm cryopreservation has been performed for ex situ preservation of Cleisostoma areitinum
(Rchb.f) Garay, rare Thai orchid species. Cryopreservation of protocorms was investigated by an
encapsulation-dehydration method. The highest regrowth percentage of cryopreserved explants was observed
when they were precultured on semi-solid ND medium with 0.25 M sucrose in the dark for 1 week then
transferred to liquid ND medium containing 0.75 M sucrose for 2 days. The treated explants were dehydrated
with silica gel in laminar air-flow for 5 h prior to immersion in liquid nitrogen for 1 h. Protocorm viability was
tested by the TTC (2, 3, S-triphenyltetrazoliumchloride) assay and regrowth ability was assessed by determining
the survival percentage after recovery for 2 weeks. The survival rate of cryopreserved protocorms was 49%
while percentage of TTC assay was 77%. Consequently, the simple and reliable protocol for cryopreservation

of C. areitinum was clearly revealed in this study.
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INTRODUCTION

Orchids are well known as important ornamental
plants m Thailand, especially wild orcluds. Cleisostoma
arietinum 1s an epiphyte orclud and native to Thailand. It
is classified as an endangered species that should be
conserved (Kew, 1999). According to in situ preservation,
to conserve plant species only m field 13 also nisky, as
valuable germplasm can be lost (genetic erosion) because
of pets, diseases and adverse weather conditions.
Moreover, the mamtenance of clonal orchids 1s labour-
intensive and expensive. The maintenance of in vitro
collections (established for some vegetatively propagated
species) is also labour-intensive and there is the risk of
losing accessions due to contamination, human errors or
that occur
spontaneously in tissue culture, with a frequency that
increases with repeated sub-culturing) (Panis and
Lambardi, 2005). Thus, cryopreservation has attracted
attention as a method for storage of variable plant
germplasm (Hirano et al, 2005). Cryopreservation
involves the storage of live plant cells, tissues or organs

somaclonal variations (ie., mutations

at ultra-low temperature (-196°C, liquid nitrogen) with a
supposed low risk of genetic and physiological changes
evenn over long periods of time (Gonzalez-Benito and
Perez, 1997). Tt is particularly useful for the conservation
of precious and rare species due to global environment

problems (Hirata et af., 1998). This effective method also
offers a safe and cost-effective option for a long-term
conservation of genetic resources in many plant species;
for example, Vanda pumila (Na and Kondo, 1996),
Bletilla striata (Ishikawa et al., 1997, Hirano et al., 2003),
Geodorum densiflorum (Datta et al., 1999), Doritae nopsis
orchid (Tsukazaki et al., 2000), Dendrobium orchid
(Dendrobium Walter Oumae) (Lurswijidjarus and
Thammasiri, 2004), sweet potato (Ipomoea batatas [L.]
Lam.) (Bhatti et al, 1997), horseradish (Armoracia
rusticana) (Phuchindawan et al., 1997) and Gentian
(Gentiana scabra Bunge var.  buergeri Maxim.)
(Suzuki et ai., 2005).

There are many different techniques of
cryopreservation used to develop cryogenic protocols.
The encapsulation-dehydration method 15 our selected
protocol in this research. It 13 easy to handle, avoids the
use of costly programmable freezers and uses sucrose
as the only cryoprotectant (Martinez et al, 1999).
Moreover, encapsulation of explants in alginate beads for
cryopreservation has some benefit compared with the use
of non-encapsulated samples. The alginate beads provide
enhanced protection of dried materials from mechanical
and oxidative stress during storage and ease the handling
of small samples during pre- and post-cryopreservation
procedures (Niino and Sakai, 1992). Encapsulation-
dehydration technique have been used in the successful
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cryopreservation of Melia azedarach (Scocchi et al., 2004),
Centaurium rigualii (Gonzalez-Bemto and Perez, 1997) and
Hop (Dumet et af., 2002).

This study reports on experiments undertaken on
encapsulated protocorms to examme the effects of
dehydration time on water content, percentage of
electrolyte leakage, percentage of TTC staimng and
survival rate of cryopreserved explants. This study
provides the first report of a simple and reliable
encapsulation-dehydration method for the
cryopreservation of C. areitinum protocorms.

MATERIALS AND METHODS

Plant materials: The capsules of C. areitinum were
surface sterilized in 70% (v/v) ethanoel for 5 min and then
shaken m 25% (v/v) sodium hypochlorite for 20 min prior
to washing 3 times in sterile distilled water. The capsules
were then aseptically cut open and seeds transferred to
New Dogashima (ND) medium (Tokuhara and Mii, 1993)
which containing 2 mg L.~ BA and 2 mg L.™' NAA with
1% (w/v) sucrose and 0.85% (w/v) agar (pH 5.4). Seeds
were cultured at 25+£2°C under a photoperiod of 16 h light/
& h dark with a light intensity at 40 pumol m™ sec™.
Protocorms reached an average diameter of 1-3 mm were

used as explants mn all experiments.

Encapsulation, preculture and desiccation: Protocorms
were immersed m a 3% (w/v) alginate solution prepared
with ND medium free of calcium, growth regulator and
won. Each protocorm was dropped mto 100 mM CaCl,
solution and allowed to polymerize for 10 min. The
resulting beads (3-5 mm m diameter) were washed n
sterile distilled water for 3 tumes. The encapsulated
protocorms were precultured in a semi-solid ND medium
containing 0.25 M sucrose in the dark for 1 week at 4°C
then transferred into liquid ND medium containing 0.75 M
sucrose for 2 days. Following osmotic desiccation,
encapsulated protocorms were surface dried on filter
paper in Petr1 dishes (30 beads/Petr1 dish contammg 20 g
of silicagel) and dried in a lamnar air-flow (Fig. 1). Various
desiccation periods from O to 6 h were tested. There were
10 encapsulated protocorms for each treatment and the
experiments were repeated three times.

Freezing and thawing: The desiccated beads were
transferred to 1.8 ml cryotubes (ten encapsulated
protocorms per cryotube) and directly immersed into
liquid nitrogen for 1 h in the dark. Cryotubes were
then warmed rapidly in a water bath at 38+2°C for 2 min
and cryopreserved explants were transferred to the

@:mm Precultured in semi-solid
Semi-solid medium  NDM containing 0,25 M
sucrose in the dark at
‘ 4°C for 1 week
Cultured in liguid NDM
containing 0.75 M sucrose
Liquid medium at 25°C for 2 days
# Bead
Bead Drying with silica gel in
@FHWW laminar air flow for
‘ Silica gel various time
Cryotube Freezing in liquid N, for
Treated bead 1 h, thawing in 38°C for
2 min and recovery

Fig. 1: Preculture pattern of encapsulated protocorms

establishment medium; ND medium supplemented with
2mg L7 ' BA, 2 mg L' NAA, 1% (w/v) sucrose and 0.85%
(w/v)agar (pH 5.4).

Survival rates, water content and statistical analysis: The
cryopreserved protocorms were cultured in liquid ND
medium supplemented with 1% (w/v) sucrose, 1% (w/v)
potato extract, 2mg L™ BA and 2 mg L™ NAA. Survival
rates were determined by regrowth of cryopreserved
protocorms about 2 weeks after recovery from liqud
nitrogen. Protocorms were recorded as viable if they
showed signs of growth (greeming and expansion).
Water content (in grams of water per gram of dry weight
[g H;O g DW]) was determined from the weight loss
of beads when dried in an oven at 60°C for 24 h
(Dumet et al., 2002). Experiments were replicated three
times with at least ten samples for all treatments. Analysis
of variance and mean comparison were conducted. The
comparison of means was performed by 1.SD test.

Viability test by TTC staining: Cryopreserved explants
were placed in test tubes and 500 pL of TTC (2,3,5
Tnphenyltetrazoliumchloride) solution then added prior to
incubation m the dark at 25+2°C for 24 h. The living plant
cells should show red colour because dehydrogenase
enzyme in living plant cells reduced the colorless
triphenyltetrazoliumchloride  to  triphenylformazan
(reduced TTC) (Fokar et al., 1998).

Electrolyte leakage (EL): After dehydrated, freezing and
thawing, plant samples were transferred in test tube which
contaiming 10 mL of deionized water. The tissue samples
were incubated at 32°C for 2 h and imtial electrical
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conductivity of the medium (EC,) was measured using an
electrical conductivity meter (WTW TetraCon®325, incLab
pH/Cond Level 1). After EC]1 measurements were made on
all treatments, all samples were autoclaved for 20 min
(121°C, 1.06 kg em™) to completely kill the tissue and
release all electrolytes. The final electrical conductivity of
the medium (EC,) was measured after cooled sample ina
water bath at 25°C. Freeze damage of the tissue was
calculated as a percentage of total electrolyte leakage (EL)
(EL = EC/EC,=100).

RESULTS AND DISCUSSION

Water content: Water content of treated explants in all
condition was dramatically decreased when drying in
laminar flow cabinet for 3 to 6 h. Drying with silica gel,
water content of beads were sigmficantly lower than water
content of dehydrated bead that drying alone without
silica gel (p<t0.05). This result mdicated that drying with
silica gel enhance effect on desiccation of plant sample
before freezing (Table 1).

According to the result, water content of dehydrated
beads was depended on the desiccation period. Most of
encapsulated protocorms that contained high water
content were dead after freezing in liquid nitrogen. In
contrast, beads with the
showed the highest levels of viability (approximately
0.63 g H,O g DW, Table 1). Water content of treated
explant was also important for survival rate after recovery
from liquid mtrogen. Bian ef al. (2002) reported that the
optimal water content of protocorm-like bodies (PLBs) of
Dendrobium candidum before freezing seemed to be at
the range of 0.1 -0.5 g H,O g~' DW. However, optimal
water content for cryopreserved explants was depended

lowest water contents

on many conditions such as plant species, developmental
stage, preculture regime and recovery protocol.

In fact, water is the important driving force in cellular
organmization, the assembly of phospholipids mto
biological membranes and, in part, for the conformation of
many proteins. If water completely dissipates from living
matter, the driving force for cellular organization 1s lost.
Membranes then undergo structural changes and proteins
(Hoekstra et al, 2001). However, in
cryopreservation, high water contents in normal cells can

denature

produce intracellular ice crystals during freezing and
subsequent thawing (Bian et al., 2002; Hoekstra et al.,
2001; Popov et al., 2006).

It is concluded that desiccation encapsulated
protocorms in laminar flow cabinet with silica gel for 5 h is
the optimal dehydration duration for avoid water content
before freezing these plant samples.

Table 1: Comparison of water content of dehydrated samples with and

without silica gel after precultre and diying for various time
Dehydration time (h) Water content (g H,0 g 'DW=SE
Air drying without silica gel

0 31.92+0.35
3 10.51+0.21°
4 7.62+0.55°
5 3.96+0.617
6 1444017
Air drying with silica gel

3 4.93+0.18¢
4 2.78+0.28°
5 0.63£0.21%
6 0.20+0.10%

Means with the same letter(s) are not significantly different at p<.0.05 (LSD
test)

Table 2: Comparison of water content, percentage of TTC assay after
recovery from liquid nitrogen and survival rate of crvopreserved
protocorms after regrowth for 2 weeks

Drehy dration Water Content. TTC+SE SurvivatSE
duration (h) (g H,0 ¢! DWESE (%) (%)

Non cryopreserved protocorm

0 30.24+0.59* 100£0.00 100£0.00°
3 3.8940.98° 100£0.00 100£0.00°
4 1.96+0.38° 98+0.21° 98+0.02°
5 0.56+5.954 100+0.11* 99+0.13*
6 0.18+3.844 99+0.21° 99033
Cryopreserved protocorm

0 31.92+0.35 (+0.00° 0+0.00°
3 4.93x0.18° 49+0.83° 17+0.53°
4 2.78+0.29° 524245 24+3.21°
5 0.63+£0.214 774908 49+4.34
6 0.20+0.104 28+5.8% 9+3.16°

Means with the same letter(s) are not significantly different at p<0.05 (1.SD
test)

Survival rate and TTC assay: We studied the effect of
dehydration time on protocorm recovery after the beads
had been immersed in liquid nitrogen. The encapsulated
protocorms were precultured in semi-solid ND medium in
the dark for 1 week and then transferred to liquud ND
medium with 0.75 M sucrose for 2 days. Five different
dehydration periods (0 to 6 h) were assessed. The best
results in terms of protocorm recovery were obtained with
5 h dehydration (Table 2). Appreciably lower recovery
levels were observed with 3, 4 and 6 h dehydration
periods and noe protocorms recovered when there was no
dehydration period.

In this report, protocorms were dehydrated using
sucrose and air-drying. Many reports have shown the
effect of sucrose on osmotic dehydration i plant species
(Bian et al., 2002; Hoekstra et al., 2001, Popov et al.,
2006). Following membrane protection mechamsm,
sucrose fulfills two important roles in protecting the
membranes of the dry organism: reduction of the dry
membrane phase transition temperature (T ) and formation
of a carbohydrate glass with a high melting temperature
(Oliver et al, 2002). Moreover, Buitink and Leprince
(2004) also foundthat the formation of a glass during the
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Fiz. 2a-h: Flart sarnples of © areifinum; fiuit stage (), potocornm cluap (b scale = 5 o, protocorns used in this study
(c) scale = 5 rrn, Plartlets denwed from non cryopreserved protocorrs (d) scale = 5 pora, encapsulated
protocorms (e scale = 5 mmm, TTC assay of nontreated bead, contol (left) and treated bead (right) (f)
arale = 1 men, cryopress rved dartlets atter recovery for 3 months avd (z-h scale = 5 rn, planflets dermved from
non cryopreserved and cryoprese rved protocorrns after regrowth in MDY medinm contairang 2 me L™ HAL

and g L' B& for 3 ronths scale = 5 rn

dehydration  step prevented senow damage fo cells
Sore types of sugar can peotect cells or tissues from
freezing datnage. The high wiscosity of sugar solutions
inhibits chernical reactions withun the cells. Although
vitification dwing fleemirg s a lkey factor ior
crppreservation but in the present work we did not
meazute glass forrnation and thies do not krow whether
the water in the protocorrns entered into the glass state.

In o experiment, vishility tests were investigated by
the TTC assay and regrowth ability after 2 weeks of
treattnents. The highest regrowth was cheered when
encapenlated protocorms were precultored in seri-solid
NI medinrg  containing 0.25 B mecrose 1n davkness for
1 week ard then transfered to liguid ND medinm with
075 I sucrose for 2 dave and subsequently desiccated
for 5 h. The sarviral rate was upto 49 %

Following this result the wgrowth abidlity of
cryopreserved  protocortns appearsd lower than the
viability test by TTC assay (TTC percentage) (Table 2.
Lfter recovery from liquid nitogen, some expdants were
shll Irving, but others were darnaged and finally dead.

Therefore, some cryppreserved protocorms showed a
brown color after testing with the TTC solufion. Thas
browm colour may be the sowree of confiusion due fo its
similanity o the red colowr (redwed TTC). Tlas
phenornenon probably ocowrred becawe of damage
cawed by oxidattve reactions i the fleezing step
(Werleymen of al,, 2004), Howeser, TTC staining allowed
us to agsess the wishility of the explants in this
expetment, TTC walues after thawing provide a guide to
predict the mecess of experiments (Florin of ol 20000, For
regerermtion, plantlets were developed 3 morths after
cryopreservation (Fiz. 2. There was no morphological
differerice between plantlete from mwon-cryopreserved
protocorrns and cryppreserved protocormms. Mevertheless,
the recovery rate of crppreserved profocornns after
freeming inligpmid ritrogen in this expe iment was poor and
glow  when  comparing  with  mwon-cryopreserved
profocorrns, This may be cansed by non-optireised
conditions such as light intensity or culture rnedium.
Grout (1995) also found that a high level of Light might
camwe photobleachivg with adwerse effects onviability
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Table 3: Electrolyte leakage percentage, percentage of TTC assay and
survival of crvopreserved samples when dehydrated for Oand 5h

Dehy dration Electrolyte TTC+SE Survivak8E
time (h) leakage+SE (%) (%) (%%9)

Non freezing sample

0 56.13+1.96* 1000008 100+0.00°
5 39.62£4.76° 890,32 81+0.51°
Freezing sample

0 72.14+3.19% 00, 00F 0£0.00¢
5 60.81+£3.07* T74.90° 4944 34°

Means with the same letter(s) are not significantly different at p<0.05 (1.8D
test)

during early regrowth of thawed explants. Therefore, it
may be helpful to reduce this non-optimised condition.

FElectrolyte leakage: Test in dehydration time between O
and 3 h had a significant (p<0.05) effect on EL. For
dehydrated explants, EL was 39.63+4.76% (non-freezing)
and 60.814£3.07% (freezing) whereas non-dehydrated
explants showed high level of EL, 53.13+1.96% (non-
freezing) and 72.1443.1%% (freezing). This result indicated
that dehydrated explant showed less electrolyte leakage
than the control explant (Table 3). The increases in EL
with cold storage of dehydrated beads indicate that the
chilling requirement was supplied in storage, resulting in
cold hardiness with continued exposure. During
dehydration, cold storage and thawing, cell membrane
also sensitive to these stresses. Damaged membranes
allow electrolyte from injured cells to flow into
surrounding tissue (Wilson and Jacobs, 2004). The
electrolyte leakage assay is widely used to evaluate
the degree of cold mury m many plant species
(Campos et al., 2003; Mirdehghan et al., 2007; Plazek and
Zur, 2003; Wang and Li, 2006). Although dehydration
treatment increased freezing tolerance but dehydration
duration and optimal concentration of sucrose also
umportant to preserve all of explants. It 13 concluded that
EL levels in treated explants could indicate that dehydrate
and freezer storage regimes are effective in maintaining a
lower degree of physiological activity for this orchid
species.

CONCLUSIONS

In conclusion, preservation of C. areitinum
protocorms 15 possible through a cryogenic procedure
after preculture with 0.25 and 0.75 M sucrose and drying
in laminar air flow with silica gel for 5 h. However, more
experiment is needed to optimize high swrvival rates of
protocorms after recovery from liquid nitrogen, especially
the effect of sucrose concentration on water content and
protocorm recovery of cryopreserved explants. Moreover,
DNA analysis or genetic fidelity of non-cryopreserved
and cryopreserved explant will be studied m the future.
This study will provide useful information for planning

and implementing related projects in the future. Moreover,
it may be useful for other plant species, although other
cell lines will need special preliminary studied on
cultivation conditions, cold acclimation, specific nutrients
and other supplementation.
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