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Abstract

Dendrobium cruentum Rchb. f. is a native Thai orchid species that has faced extinction because of
its attractive characteristics. Consequently, conservation of this species is urgently needed. In this
study, cryopreservation technique was applied to D. cruentum Rchb. f. seeds for long-term conservation.
A successful protocol for D. cruentum Rchb. f. seed cryopreservation was developed by using D cryo-
plate and V cryo-plate techniques. Seed viability was tested by TCC solution and 93.8 % of dyed seeds
were shown. For cryo-plate technique, seeds were encapsulated over the cryo-plate by using 2 % (w/v)
sodium alginate and polymerized with 100 mM CaCl,. Encapsulated seeds were desiccated by using a
laminar airflow and PVS2 solution treatment with the same exposure time (0, 30, 60, 90, and 120 min).
After cryopreservation, encapsulated seeds were cultured on modified VW agar medium. From the
results, the maximum germination and regrowth percentage were observed; D cryo-plate technique with
60 min of dehydration time gave the highest germination (68.9 %) and regrowth (57.8 %). Thus, the
excess of dehydration may cause the reduction of germination and plant regeneration. In conclusion, D
cryo-plate technique proved to be appropriate for D. cruentum Rchb. f. seed cryopreservation.
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Introduction

Cryopreservation has been proven to be an effective technique for preservation of organisms and
biological tissues and is intensively used to conserve various plant species [1]. In addition, this technique
is currently available, ensuring the safe, efficient, and cost-effective long-term storage of plant germplasm
[2]. The use of ultra-low temperatures (liquid nitrogen, temperature below —150 to —196 °C) stops
metabolic and biochemical processes, such as cell division and growth in cells, tissues and organs [3,4].
However, the limitation of cryopreservation is the damage to living cells (suspended cells, tissues, or
organs) by intracellular ice formation during the cooling and rewarming steps [5].

Different techniques have been described during the development of cryopreservation processes,
from classic technique (slow freezing), contemporary technique (vitrification, encapsulation-dehydration
and encapsulation-vitrification) and, recently, new technique (cryo-plate) [6-12]. Slow freezing is
composed of two phases, I: slow reduction of temperature (1 to 10 °C min™) and II: rapidly through direct
immersion of the materials in LN [13]. However, slow freezing has a limitation of freeze injury due to the
formation of intracellular ice in plant materials [14]. Vitrification, encapsulation-vitrification, and
encapsulation-dehydration are representatives of contemporary techniques [15]. These techniques are
based on the dehydration of materials before freezing to avoid the formation of ice crystals by using
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osmotic dehydration (cryoprotectant solution) or desiccation method (a laminar airflow cabinet or silica
gel) before rapid freezing [16]. Therefore, appropriate and compatible water content in materials have to
be balanced to lead to high survival rates. Vitrification has been successfully used for plant cell
cryopreservation since 1990 [17]. For the vitrification process, plant materials are treated with
concentrated cryoprotectant solution (PVS2), including dimethyl sulfoxide, ethylene glycol, glycerol,
propylene glycol, and sucrose [18]. The combination of vitrification and encapsulated beads (calcium
alginate beads) were proposed as an encapsulation-vitrification technique. However, encapsulation-
dehydration has been described by Fabre and Dereuddre [19] by combining the encapsulated beads with
the desiccation process to remove water from plant material before immersion into liquid nitrogen. This
technique was accomplished in shoot tips of Dendrobium Walter Oumae [20]. Dehydration process is
based on the successive osmotic and evaporative dehydration of plant cells, prior to the cooling step (LN).
Dehydration techniques by sterile airflow allow more flexibility when handling large samples because the
process is less time-critical and toxic than vitrification technique [15]. Moreover, a new technique has
been developed known as the cryo-plate technique [11]. Cryo-plate is an aluminum plate that has high
heat transfer property for cooling (4,000 - 5,000 °C min ') and rewarming (3,000 - 4,500 °C min™) rates,
which protects explants from freezing damage by ice nucleation [11, 12]. Yamamoto [11] first reported
using cryo-plate as a V cryo-plate technique, which is the combination of cryo-plate and plant
vitrification solution 2 (PVS2) treatments. After that, Niino [12] proposed the developed technique (D
cryo-plate) to avoid cryoprotectant toxicity and physical damage by changing the dehydration method
from PVS2 solution to sterile laminar airflow dehydration [21]. A successful cryopreservation protocol
for different plant materials and species by using cryo-plate techniques were reported, including carnation
[22], strawberry [23], mint [24], potato [25], mat rush [21], Perilla frutescens [26], date palm [27],
Clinopodium odorum [28], Cleome rosea Vahl [29], sugarcane [30], and Ullucus tuberosus Cal. [31].

Orchidaceae is one of the largest and most diverse families of flowering plants in the world [32].
Genus Dendrobium comprises 1,184 species [33] and more than 150 native species are found in Thailand
[34]. Dendrobium species became popular because of the economic value of different hybrids that are
used as cut-flower and potted plants [35]. In contrast, most native Dendrobium species are critically
decreased in the natural ecosystem because of over-collection and deforestation. Dendrobium cruentum
Rchb. f. is one of the endemic species that originated in southwestern or peninsular Thailand. Their
habitat is in open forests at low elevations on small trees. Characteristics of D. cruentum Rchb. f. are 20 -
30 cm stem length, sepals and petals pale green with dark green veins, lips creamy white flushed with
brilliant red, and flowering around the year, and with suitable culture conditions of 27 - 30 °C day and 21
- 22 °C night and relative humidity around 80 - 85 % (RH) [36]. D. cruentum Rchb. f. has commercial
value because it produces many outstanding hybrids, such as Dawn Maree (Dendrobium cruentum x
Dendrobium formosum), Green Lantern hybrid, and Frosty Dawn hybrid. Due to the ecological aspects,
D. cruentum Rchb. f. is facing extinction. Since 2004, this species has been listed in the [UCN CITES
Appendix (I) as a “World Endangered Orchid Species”. Therefore, conservation of D. cruentum Rchb. f.
is urgently needed. There have been a few reports on D. cruentum Rchb. f. seeds and protocorms
cryopreservation by using vitrification and encapsulation-dehydration techniques [37,38]. However, only
a 20 to 30 % survival rate was reached by previous reports. In this study, we aim to optimize the suitable
dehydration time and technique for D. cruentum Rchb. f. seeds cryopreservation by using D cryo-plate
and V cryo-plate techniques.

Materials and methods

Plant materials

Fresh 4-month-old capsules of D. cruentum Rchb. f. were taken from the saranhouse of the
Department of Plant Science, Faculty of Science, Mahidol University, Salaya campus, Thailand (Figure
1B).
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Seed quality test

fresh seed viability was assessed using a 1 % of 2, 3, 5-triphenyl tetrazolium chloride (TTC)
solution. Seeds were added to 20 mL of TTC solution in a screw cap tube and kept in the dark at 30 °C
for 24 h. Thereafter, the orange-red stained viable seeds and yellowish unstained seeds were counted
under a light microscope.

Determination of moisture content (MC)

2 % (w/v) Na-alginate prepared in VW medium was poured in each well of the cryo-plate. After
that, 20 - 50 seeds were placed in each well. The mixture was dispended into 0.1 M CaCl, solution for 20
min at 25+2 °C for bead forming. Encapsulated seeds of D. cruentum Rchb. f. were placed in glass petri
dishes and dried in a sterile laminar airflow cabinet at room temperature (2542 °C) for various times (0,
30, 60, 90, 120, 180, 240, 300, and 360 min) to reduce moisture content. Fresh weights of encapsulated
seeds were immediately recorded for different dehydration times. After that, samples were dried in a hot
air oven at 130 °C for 24 h until each sample reached a constant dry weight. The moisture content was
calculated by using the following wet basis equation;

MC, = W"V;]Z"fx 100 (1)

where; MC,, = Moisture content basis (%); W; = Initial weight (gram); W; = Final weight (gram)

Dehydration cryo-plate technique (D cryo-plate)

2 % (w/v) Na-alginate prepared in VW medium was poured in each well of the cryo-plate. After
that, 20 - 50 seeds were placed in each well. The mixture was dispended into 0.1 M CaCl, solution for 20
min at 2542 °C for bead forming. Then, the cryo-plates were exposed to loading solution (2 M glycerol
and 0.4 M sucrose) at room temperature for 20 min. After that, samples were dehydrated by subjecting
them to a laminar airflow cabinet at 25+2 °C for 0, 30, 60, 90, and 120 min. Cryo-plates were transferred
to uncapped 2 ml plastic cryotubes held on a cryo-cane, and directly plunged in LN for at least 1 h. After
that, cryo-plates were removed from LN and placed into un-loading solution (1.2 M sucrose) for 15 min.
Cryopreserved seeds were cultured on modified VW agar medium. For control treatment, D cryo-plate
was loaded and dehydrated in a laminar airflow cabinet, as described above, and cultured on modified
VW agar medium.

Vitrification cryo-plate technique (V cryo-plate)

2 % (w/v) Na-alginate prepared in VW medium was poured in each well of the cryo-plate. After
that, 20 - 50 seeds were placed in each well. The mixture was dispended into 0.1 M CaCl, solution for 20
min at 2542 °C for bead forming. Then, the cryo-plates were exposed to loading solution (2 M glycerol
and 0.4 M sucrose) at room temperature for 20 min. For V cryo-plate, it was dehydrated by PVS2 solution
at 252 °C for 0, 30, 60, 90, and 120 min. Cryo-plates were transferred to uncapped 2 ml plastic
cryotubes held on a cryo-cane, and directly plunged in LN for at least 1 h. After that, cryo-plates were
removed from LN and placed into un-loading solution (1.2 M sucrose) for 15 min. Cryopreserved seeds
were cultured on modified VW agar medium. For control treatment, V cryo-plate was loaded and
dehydrated with PVS2 solution, as described above, and then cultured on modified VW agar medium.

Germination and regrowth evaluation

After cryopreservation, seeds were cultured on modified VW agar medium under a 16 h
photoperiod at 25+2 °C. Germination percentage was assessed for 4 weeks by recording the number of
imbibed viable embryos and spherical protocorm formation. Seedling formation was assessed as a
regrowth after 12 weeks of culture.
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Statistical analysis

Changes in mean moisture content of encapsulated seeds (n = 10) during the dehydration process by
sterile laminar airflow were subjected to a T-Test (P < 0.05). For the cryopreservation experiments,
germination and regrowth of cryopreserved seeds are presented as mean values (+ SE). Experiments were
repeated three times of ten encapsulated beads per treatment. Statistical analysis was performed using
ANOVA at P < 0.05, and the means were compared using completely randomized design (CRD) by the
Duncan’s New Multiple Range Test (SPSS Statistic 21 software).

0.1 mm

Figure 1 Plant, capsule and seed characteristics of Dendrobium cruentum Rchb. f. A) Plant in natural
habitat, B) Mature capsule and C) seeds. Scale bar =5 cm (A), 1 cm (B) and 0.1 mm (C).

Results and discussion

Seed quality

The seed viability test by TTC staining method showed 93.8 % orange-red stained embryo (Figure
2A). Seeds without stained and empty (embryoless) seeds (Figure 2B; No. 1 and 2) were excluded from
the germination assessment, and only the response of full seeds (Figure 2A) was considered. The
different seed lots had to be tested for quality before use. Singh [39] reported the successful use of TTC
on tropical epiphyte seed quality test. However, the prior test by TTC can indicate rough assessment to
seed germination possibility before long-term cryopreservation [40].

Figure 2 TTC seed viability test for Dendrobium cuentum Rchb. f. A) Viable seeds with orange-red
stained embryos, B) Non-viable seeds without orange-red stained embryos (1) and embryoless seeds (2).
Scale bar = 0.2 mm.
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Determination of moisture content (MC)

From the results, the calculation of moisture content by wet basis equation is shown in Figure 3
with 30 and 60 min intervals. Interestingly, only 30 min after dehydration by D cryo-plate technique
showed dramatically reduction from 96.7 to 36.6 %. At 60 min of dehydration, D cryo-plate technique
decreased the moisture content to 13.5 %. After 90 to 360 min, constant moisture content of around 2 to 3
% was recorded. The results indicated that the suitable time for dehydration of D cryo-plate is around 30 -
60 min (36.56, 12.54 % moisture content). Volk and Walters [41] reported that moisture contents of less
than 0.25 - 0.40 g H,0 g dm™ (20 - 28.57 % moisture content of wet basis) were often referred to as
‘unfreezable’, which results in low cell water content without causing cell death [42]. Determination of
moisture content played an important role in indicating the appropriate dehydration time for plant
materials to reduce remaining water before cryopreservation. The remaining water in plant material is the
main factor that causes the cellular ice formation, which causes cell lethality, injury, and leakage of
intracellular components out of the cells [24]. Many reports indicated that the optimum moisture content
of encapsulated seeds was species specific [16,43-45]. In the case of Vanda coerulea, high regrowth rate
of cryopreserved protocorms was observed after 8 h of dehydration and reached 35 % of moisture content
[46]. Therefore, the optimization of moisture content of plant materials should be determined before
exposure to liquid nitrogen to achieve high survival percentage rate [7].
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Figure 3 Moisture content is calculated by using wet basis equation with D cryo-plate technique

Dehydration cryo-plate technique (D cryo-plate)

The optimal dehydration time was determined by previous study. Due to the determination of
moisture content, after 90 min of dehydration, it showed a steady status below 10 % of moisture content.
In the experiment, the dehydration period was covered by 0, 30, 60, 90, and 120 min to reduce water
content from plant materials before cryopreservation. Germination percentage was observed after 4 weeks
of culturing on modified VW agar medium (Table 1 and Figure 4). For non-cryopreserved seeds, no
significant difference in germination percentage was observed after increasing the dehydration time
(Figure 4). In the presence of high moisture content in plant materials at 0 min of dehydration, no
germination of cryopreserved seeds was observed. High moisture content in the cells could cause the
formation of intracellular ice nucleation, which causes cellular damage during freezing [5,47]. From the
results, the decreasing moisture content was thus to increase the germination of seed cryopreservation. At
60 min of dehydration the highest germination was observed (68.9 %). However, after longer dehydration
time to 120 min, germination percentage of cryopreserved seeds decreased (31.5 %). The results indicated
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that higher and lower moisture content affected the germination percentage after cryopreservation.
However, the development of seed to protocorm stage was referred to by the regrowth of D. cruentum
Rchb. f. seed. It was observed after 12 weeks of culture. For non-cryopreserved seeds, the maximum
regrowth percentage is 82.1 %, and the highest regrowth frequency of cryopreserved seeds was obtained
after 60 min dehydration (57.8 %; Table 1). Due to the different dehydration time treatments, 60 min of
dehydration time gave the highest germination and regrowth results for cryopreserved seeds, the same as
Salma et al. [48] and Dhungana et al. [49], which reported high germination percentages of date palm
proembryogenic and blueberry shoot observed after 60 min dehydration by using D cryo-plate technique.

Table 1 Effects of different dehydration times on germination and regrowth of non-cryopreserved (-LN)
and cryopreserved (+LN) seeds of Dendrobium cruentum Rchb. f. by D cryo-plate technique.

Dehydration Germination percentage Regrowth percentage
time (min) -LN + LN -LN + LN
0 89.3 £2.62° 0’ 82.1+3.25° 0’
30 87.9+£2.94" 29.5+£3.75° 83.1 +3.82° 24.8 £3.55°
60 88.9+2.81" 68.9+491" 778 +£3.71° 57.8+5.24%
90 80.9 +2.85° 51.9+573" 71.4+3.95™ 42.9+5.68
120 80.7 £ 2.68" 31.5+391° 67.4+£341° 26.6 £3.71°

*Mean value of germination seeds was evaluated within the same column. Same letters are not
significantly different at P <0.05; n= 20 - 50 full seeds for each of ten replicates.

Figure 4 Germination of Dendrobium cruentum Rchb. f. seeds in response to laminar airflow dehydration
and immersion into liquid nitrogen (LN) by D cryo-plate technique. A) D cryo-plate at 0 min without
dehydration and without immersion in LN (-LN) (89.3 % seed germination), B) D cryo-plate with
immersion into LN (+LN) (0 % seed germination), C) D cryo-plate at 60 min airflow dehydration without
immersion into LN (-LN) (88.9 % seed germination), D) D cryo-plate at 60 min with airflow dehydration
and immersion into LN (+LN) (68.9 % seed germination).

Vitrification cryo-plate technique (V cryo-plate)
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The different exposure times of plant materials to PVS2 solution were designed to cover the interval
of normal usage at 0, 30, 60, 90, and 120 min. Germination percentages of D. cruentum Rchb.f. seeds
were observed after 4 weeks in Table 2 and Figure 5. For non-cryopreserved seed germination
percentages, they significantly decreased after 120 min of PVS2 treatment, from 90.7 to 77.9 %. For
cryopreserved seeds, the highest germination percentages remained at 30 and 60 min of treatment (64.7 -
65.2 %). After longer treatment with PVS2 solution, germination percentages declined to 34.5 % after
120 min of PVS2 treatment. Thammasiri [38] reported the successful germination of cryopreserved seeds
of Dendrobium draconis (95 %), Dendrobium chrysotoxum (99 %), and Dendrobium hercoglossum (80
%) using PVS2 solution at 30, 50, and 80 min, respectively. However, the development of seed to
protocorm stage was referred to by the regrowth of D. cruentum Rchb. f. seeds. It was observed after 12
weeks of culture. For non-cryopreserved seeds, the maximum regrowth percentage is 80.5 %. In addition,
the highest regrowth frequency cryopreserved seeds (57.8 %) was obtained after 30 min of PVS2
exposure time treatment (Table 2).

From many reports, PVS2 solution has usually been applied to many plant species with various
exposure times from 5 to 180 min. However, the successful exposure time of PVS2 solutions to plant
cryopreservation is around 20 to 60 min [50]. No longer exposure time has been used, because of their
toxicity from DMSO and ethylene glycol, which are permeable cryoprotectants [51]. The effective PVS2
exposure time for D. cruentum Rchb. f. seed cryopreservation was 30 min. Similarly, Rafique et al. [52]
reported 30 min PVS2 treatment with V cryo-plate technique can maximize 100 % of sugarcane shoot tip
regeneration.

This is the first report on D. cruentum Rchb. f. seed cryopreservation by D cryo-plate and V cryo-
plate techniques. Both techniques can enhance the germination of D. cruentum Rchb. f. seeds after
cryopreservation, two times higher than the previous study by vitrification method [38].

Table 2 Effect of different PVS2 exposure times on germination and regrowth of non-cryopreserved (-
LN) and cryopreserved (+LN) seeds of Dendrobium cruentum Rchb. f. by V cryo-plate technique.

Exposure time Germination percentage Regrowth percentage
to PVS2 (min) -LN -LN -LN +LN
0 90.7 + 2.69° 0° 80.5 + 3.66° 0?
30 87.8 £2.70° 64.7 £ 4.75° 72.9 +3.36° 46.1 + 4.96°
60 86.4 + 3.29% 65.2 +5.76" 69.1 + 4.43% 39.1+5.92°
90 82.7 +3.10™ 46.6 + 5.35" 69.3 +3.78% 31.1+491™
120 77.9 +3.41° 34.5+4.14° 58.4 +4.05° 27.1+3.87°

*Mean value of germination seeds was evaluated within the same column. Same letters are not
significantly different at P < 0.05; n= 20 - 50 full seeds for each of ten replicates.
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Figure 5 Germination of Dendrobium cruentum Rchb. f. seeds in response to PVS2 solution and
immersion into liquid nitrogen (LN) by V cryo-plate. A) V cryo-plate at 0 min exposure time to PVS2
solution, and without immersion into LN (-LN) (90 % seed germination), B) V cryo-plate at 0 min
exposure time to PVS2 solution with immersion into LN (+LN) (0 % of seed germination), C) V cryo-
plate technique at 30 min exposure time to PVS2 solution without immersion into LN (-LN) (87.8 % seed
germination), D) V cryo-plate at 30 min exposure time to PVS2 solution and immersion into LN (+LN)
(64.7 % seed germination).

Conclusions

This study presents the successful cryopreservation protocol for D. cruentum Rchb. f. seeds with
high germination and regeneration percentages by D cryo-plate and V cryo-plate technique. The effective
technique for D. cruentum Rchb. f. seeds is D cryo-plate, with 60 min dehydration leading to 68.9 %
(germination) and 57.8 % (regrowth). Moreover, it was clear that the suitable time for dehydration before
immersion into liquid nitrogen plays a crucial role to ensure the survival of seeds after cryopreservation.
These suitable cryopreservation conditions will benefit other explants of D. cruentum Rchb. f., such as
protocorms, protocorm-like bodies, and shoot tips, to maintain their outstanding genotypes for long-term
conservation.
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