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In vitro Propagation and Cryopreservation of Aerides odorata Lour. (Orchidaceae)
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Abstract: An efficient method for in vitre propagation and cryopreservation of Aerides odorata was
established. Leaf segments were cultured on New Dogashima (ND) mediums supplemented with various
concentrations of Benzyladenine (BA) (0-5 mg L.™") combined with Naphthaleneacetic Acid (NAA) (0-2 mg L"),
The optimal treatment for mducing Protocorm-like Bodies (PLBs) from leaf segments was obtained from the
combination of 1 or 3mg L™ BA and 0.5 or 1 mg L' NAA; whereas, the addition of BA or NAA alene induced
shoot and/or root initiation rather than PLB or callus formation. Shoots rapidly developed on ND mediums
containing 5 mg L~' BA. Cryopreservation of leaf segment-derived PLBs was successful using the
encapsulation-dehydration method The maximum survival percentage of Cryopreserved (Cryp) PLBs was
achieved by encapsulating PLBs with 2% Na-alginate combined with 2 M glycerol and 0.4 M sucrose. The
encapsulated PL.Bs were then precultured in 0.75 M sucrose for 24 h and dehydrated for 6 h before plunging
into liquid nitrogen. Genetic stability of Cryp PLBs after regrowth was assessed by flow cytometry. The
findings showed no different patterns of ploidy levels and morphology between Cryp and non-cryopreserved

(Neryp) control plantlets.
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INTRODUCTION

The species Aerides odorata is a wild orchid of
Thailand, an epiphytic orchid with a monopodial growth
habit. It 15 collectively referred to as ‘Fox-tail’ orclud
because of its flowered brush-like inflorescences of white,
pink or purple flowers. Moreover, its flowers are highly
fragrant with sweet citrus scent. In recent year, this orchid
species became valuable because of its capacity to
cross-breed with other species within the same genus and
other genera, e.g., Vanda and Rhyncostylis. Currently, the
species 4. odorata has been gradually depopulated due
to rapid destruction of natural habitats as a result from
deforestation and logging and the expansion of
agricultural areas all over the country. Wild orchid trade
and over exploitation of natural resources by local forest
dwellers are another cause of decline of orclud
populations. Although 4. odorata populations can
naturally multiply through seeds or stem cuttings, their
multiplication rates are restricted due to the fact that they
lack endosperm in their seeds. Furthermore, they are
devoid of enzymes to metabolize polysaccharides; as a
result, they are considered as rare species. Therefore, we

believe that, there is an wgent need to plan to obtain a
method of comservation for germplasm of this orchid
species.

Many conservation procedures, e.g., in vitro
propagation and cryopreservation, have been introduced
as an effective tool to conserve parts of endangered plant
species. In vitro propagation is a technique that is used
not only for a rapid increase in the number of individuals
of plant species, particularly those with reproductive
problems and extremely reduced populations
(Gonzalez-Benito and Martin, 2011) butalso for the supply
of virus-free plents. Due to a simple methed for producing
a large number of plant populations within a short period,
several parts of orchids, e.g., seeds (Avila-Diaz et al.,
2009), protocorm-like bodies (Luo et al., 2008), protocorms
and leaves (Diaz and Alvarez, 2009), shoot-tips
(Roy et al., 2007) and axillary buds (Huang and Chung,
2011), have been widely used. Studies on in vitro
propagation m the genus Aerides are limited. Many
studies report only on protocorm-like body induction from
leaf and protocorm segments and seedling growth
(Murthy and Pyati, 2001; Sheelavanthmath et al., 2005;
Prasertsongskun and Awaesuemae, 2009).
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Cryopreservation is an alternative means to conserve
plant genetic often performed at the
temperature of liquid nitrogen (-196°C). This technique is

TeS0urces,

among the most efficient and cost-effective ones for
long-term storage of plant materials and is also important
for ex situ conservation of genetic resources m the
threatened 1 plant species (Gonzalez-Armao et al., 2009).
Cryopreservation based on the reduction and
subsequent imterruption of metabolic functions of
biological materials by the decreasing of the temperature
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to the level of liqud mtrogen, while viability 1s
maintained During storage at 196°C, cellular divisions and
metabolic processes are totally arrested. This techmique
allows to preserve materials for an unlimited tune period,
without risk of loss of regeneration capacity, genetic
alteration or modifications after thawing (Engelmanm,

2004).
New  cryopreservation  techniques, such as
encapsulation-dehydration, vitrification and

encapsulation-vitrification, have been widely developed
to store various types of plant parts. To avoid ice crystal
formation, the previously mentioned techniques
principally mvolves sample dehydration by physical or
chemical desiccation prior to freezing by rapid immersion
into liquid nitrogen. Different parts from many orchid
species, e.g., seeds (Hirano et al., 2005; Nikishina et al,,
2001, 2007), cell suspension (Tsukazaki et al., 2000), shoot
tips and shoot primordia (Lurswijidjarus and Thammasiri,
2004; Na and Kondo, 1996), protocorms
protocorm-like bodies (Maneerattanarungroj et al., 2007,
Pouzi et al., 2011; Zamnuddin et af, 2011), have been
successfully cryopreserved using new cryopreservation
techniques.

and

Encapsulation-dehydration, one of cryopreservation
techmiques, 1s widely used due to the fact that 1t 1s easy to
handle, inexpensive and non-toxic. Moreover, it has been
successfully applied to a wide range of undifferentiated
tissues, e.g., embryogemc cell suspensions; shoot tips
and axillary buds (Wang et al., 2002, Shatnawi et al., 2004;
Suzuki et al., 2005).

Present study we have tried to make an efficient
protocol for orchid micropropagation, using segments of
an orclud leaf as explants and we have used an
encapsulation-dehydration method for 4. odorata PLB, to
make 1its cryopreservation successful.

MATERIALS AND METHODS

Plant materials: Mature capsules (fruits) of A. odorata
were collected after 6 months of pollmation. They were

609

swrface-sterilized in 70% (v/v) ethyl alcohol for 5 min and
subsequently soaked m 20% (v/v) sodium hypochlorite
for 30 min prior to washing 3 tunes i sterile distilled water.
Then, the capsules were cut and seeds were
transferred to the modified New Dogashima (ND) medium
(Tokuhara and M1, 1993) supplemented with 10% (w/v)
potato extract, 1% (w/v) sucrose and 1% (w/v) agar, pH
5.4, The cultures were kept at 25+2°C under a
photoperiod of 16 h light/8 h dark with a photon dose of
37 pmol. m™ sec”'. After 3 months, plantlets with
2-3 leaves were used as explants.

Protocorm-like Body (PLB) production induced by
Benzyladenine (BA) and Naphthaleneacetic Acid
(NAA): Excised leaf segments (approximately 0.5 cm in
length) were cultured on ND mediums without plant
growth regulator or ND mediums supplemented with
various concentrations of BA (0, 1, 3 and 5 mg L™
combined with different concentrations of NAA (0, 0.5, 1
and 2 mg I.7") for PLB induction. After 4 weeks of culture,
the mean number of PLBs per explant was counted under
a stereo microscope and the percentage of PLB induction
was calculated based on the number of single explants
showing differentiation of PLBs divided by the total
number of explants in each treatment.

For plantlet regeneration, four-week-old PLBs were
transferred to ND mediums supplemented with 10% (w/v)
potato extract and 1% (w/v) sucrose and maintained at
2542°C under a photoperiod of 16 h light/8 h dark with a
photon dose of 37 umoL m ™ sec'. Plantlets developed
from PLBs were subcultured monthly. All experiments
were performed in triplicates, each containing ten
explants.

Shoot and root formation from leaf segments induced by
BA and NAA: Excised leaf segments were cultured on ND
mediums supplemented with different concentrations of
BA(0,1,3and5mg L™ or NAA (0,05, 1 and 2mg L™
for shoot or root formation. The percentage of shoot
formation, mean number of shoots per explant, percentage
of root initiation and mean number of roots per shoot were
recorded after 4 weeks of culture. The percentage of shoot
or root formation was calculated based on the mumber of
leaf segments showing shoot or root formation divided by
the total number of leaf segments in each treatment. All
experiments were performed m triplicates, each contamning
ten explants.

Cryopreservation of PLBs using an encapsulation-
dehydration method: Encapsulation-dehydration based
cryopreservation consisted of six steps: Encapsulation,
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pretreatment, dehydration, freezing, thawing and
recovery. Briefly, PL.Bs, approximately 1-2 mm in diameter,
were immersed in liquid ND mediums supplemented with
2% Na-alginate and a loading solution (a mixture of 2 M
glycerol and 0.4 M sucrose). Each PLB was then dropped
into a 100 mM CaCl, solution prepared in liquid ND
mediums containing 2 M glycerol and 0.4 M sucrose for
bead forming. After 30 min, the encapsulated PLBs
(one single PLB per bead) were pretreated in liquid ND
mediums contaming different concentrations of sucrose
(0.5, 0.75 and 1 M) and kept at 25°C for 48 h. Later on,
PLBs were dehydrated on a sterile filter paper laid down
on an open Petn dish (40 beads/Petr1 dish) and exposed to
sterile air-flow in a laminar air-flow cabinet for 0-8 h.
Afterward, ten dehydrated beads were transferred to a
2 mL cryotube and directly plunged into liquid nitrogen
(LN) for at least 1 day. After that, cryopreserved (Cryp)
PLBs were withdrawn from LN and rapidly thawed in a
water bath at 38+2°C for 2 mimn and transferred to liquid
ND mediums supplemented with 1.2 M sucrose for 20 min.
after recovery, the resulted PLBs were regrown on ND
mediums modified with 10% (w/v) potato extract and 1%
(w/v) sucrose.

Measurement of water content was performed after
preculturing encapsulated PL.Bs in liquid ND mediums
containing various concentrations of sucrose (0.5, 0.75
and 1 m), followed by dehydrating them for O-8 h. Dry
weight of the resulted PL.Bs was measured by air-drying
at 70°C for 24 h. The percentage of water content in the
resulted PL.Bs was calculated on the basis of fresh weight
using the formula:

WC (%) = 100

FW-DW
—_—X
Fw
where, WC is water content, FW is fresh weight and DW
is dry weight. Swvival percentage of cryopreserved PLBs

was determined by regrowing the recovered PL.Bs on ND
mediums for 4 weeks.

Flow cytometry analysis: Leaves taken from 6-month-old
Cryp plantlets and Non-Cryopreserved (Neryp) control
plantlets were used for nucleic acid extraction. Isolation
of nucleic acids was carried on by extracting chopped
leaves in 200 pL. of mucleic acids extraction buffer.
Nucleic acids were then stained with 1 mL of
4,6-diamidino-2-phenylindole (DAPT) solution [10 mM
Tris, 50 mM sodium citrate, 2 mM MgCl,, 0.1% (w/iv)
Polyvinyl Pymrolidone (PVP), 0.1% (w/v) Triton X-100 and
2 mg L.7' DAPT] and analyzed by Flow Cytometry (FCM)
(Partec PAS).

610

Statistical analysis: All data were statistically analyzed
using one way Analysis of Variance (ANOVA).
Differences between means of each two treatments were
compared using Duncan’s Multiple Range Test (DMRT)
at p=0.05.

RESULTS

PLB production induced by BA and NAA: The effects of
BA and NAA on the percentage of surviving explants and
PLB induction and mean number of PLBs from leal
segments are represented in Table 1. Based on the present
results, high percentages of surviving explants could be
obtained in mediums supplemented with BA combined
with NAA. The maximum percentage of surviving
explants (96) was observed in mediums supplemented
with 1 mg L™ BA combined with 0.5 mg L™' NAA,
followed by 1 mg 17! BA combined with 1 mg I.™' NAA
(94%). High levels of PLB mutiation (88-96%) were
observed from treatments containing 1 or 3 mg L™" BA
combined with 0.5 or 1 mg L™ NAA. The maximum
frequency of PLB imtiation (96%) was observed in
treatments with 0.5 mg L™ BA combined with 1 mg L™
NAA. The maximum number of PLBs per explant was
13.55. Moreover, PLLB formation capacity seemed to be
decreased when BA concentrations were raised to
5 mg L7 In particular, high concentration of BA in
combination with 2 mg L.~ NAA resulted in lowering of
formation capacity and only 1.85 PLBs per explant were
formed. Leaf segments cultured on ND mediums in the
absence of Plant Growth Regulators (PGRs) retained green
in coler after 2 weeks of culture. But when week 4 arrived,
the majority of explants turned brown and finally died,
whilst some swvived with no sign of PLB initiation.

Table 1: Effects of BA and NAA on the percentage of surviving explant
and PLB initiation, and Mean No. of PLBs per explant from leaf
seements of A oedorata after 4 weeks of culture on ND mediums

Plant growth

regulators (mg L™1)

Surviving PLB Mean No. of
BA NAA explants (%) initiation (%)  PLBs/explant
0 0.0 2045.16° 00+0.008 00.00+0.00"
1 0.5 96+2.67 962,67 13.55+£0.32°
1 1.0 044, 270 904,47 11.1040.32°
1 2.0 6444, 998 58+4.67 3.85+£0.170¢
3 0.5 024327 92+3.27% 10.20+0.24°
3 1.0 9043.33® 88+3.27% 8.7540,22¢
3 2.0 82+4.67 82+4. 67 6.90+0. 1%
5 0.5 8243 50 Tékd.00F 5.10+0.18"
5 1.0 7243.27 66£3.06% 4.00+0.158
5 2.0 50+3.3¥ 444400 1.85+0.36"

BA: Benzyladenine, WAA: Waphthaleneacetic acid, Means followed by the
same letter within each column are not significantly different using Duncan’s
multiple range test at p<0.05
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(b)
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(d)

Fig. 1(a-f): PLB initiation and direct shoot formation from leaf segments on ND solid mediums, (a) Clunp formation at
the base of leaf segments on week three, (b) PLB initiation, (¢) PLB development into shoots and roots, (d)
direct shoot formation in the presence of 5 mg 17" BA, (e) shoot induced roots on week six and (f)
3-month-old plantlets. Scale bars: a-b, 5 mm; ¢, 1 em; d-f, 5 mm

On the contrary, PLB initiation was found in all treatments
using combinations of PGRs. The results demonstrated
that small yellowish clumps mitially appeared at the base
of leaf segments on week 2 (Fig. la), continued
expanding, swelling and tuming green and eventually
developed into PLBs (Fig. 1b). Tt was evident that there
was a similar morphogenetic process of PLB formation
among all treatments, while the frequency of PLB imitiation
was different. PL.Bs developed from segmented leaf easily
developed into shoots and roots within 4 weeks and
whole plantlets were obtained on week &  after
transferred to ND mediums supplemented with 10% (w/v)
potato extract and 1% (w/v) sucrose without PGRs
(Fig. 1c).

Shoot and root formation from leaf segments induced by
BA and NAA: Table 2 shows the effects of BA and NAA
on the percentage of shoot or root formation and mean
number of shoots per explant or roots per shoot. Our
findings showed that BA alone could be used to mduce
high shoot formation. The maximum percentage of shoot
formation (96) was obtained in mediums supplemented
with 5 mg 1.™' BA with the mean number of shoots per
explant of 6.05. High percentage of shoot formation was
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Table 2: Effects of BA and NAA on the percentage of shoot or root formation
and Mean No. of shoots per explant or roots per shoot after 4 weeks

of culture
Plant growth
regulators (mg L") Shoot Mean No.  Root Mean No.
memmemmeeeeeeee- - formation  of shoots/ formation  of roots/
BA NAA (%) explant (%) shoot.
0 0.0 0+0.00° 0,000,000 00.00¢  0.000£0.007
1 - To4.00° 4108014 76267 2.200+0.12%
3 884 42T 4654017 50£3.33°  1.950+0.11°
5 - 962,67 6.05+0.28° 0006 0.000+000¢
- 0.5 28+9.98¢ 2304019 202980 1.100+0.12°
- 1.0 54+4.27° 3.70+01% 80+£0.00r  2.350+0.13°
- 2.0 346.00¢ 28040180 362499 1.300+0.11°

BA: Benzyladenine, NAA: Naphthaleneacetic acid, Means followed by the
same letter within each column are not significantly different using Duncan’s
multiple range test at p<0.05

also achieved m mediums with lower BA concentrations.
Addition of 1 and 3 mg L' BA in mediums respectively
gave rise to ligh shoot formation percentages of 76 and
88 and mean numbers of shoots per explant of 4.1 and
4.65. However, either BA or NAA alone could induce high
root formation. The present results showed that mediums
containing 1 mg L.™' NAA could initiate high percentages
of root formation of 80, exhibiting 2.35 roots per explant.
In a similar way, BA at the concentration of 1 mg I.™" gave
rise to high root formation percentage of 76 with the mean
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Water content and swvival percentage of Neryp and Cryp PLBs, (a) Changes in water content of

encapsulated beads pretreated with various concentrations of sucrose for 24 h, followed by air-diying for
0-8 h and (b-d), survival percentage of Cryp and Neryp PLBs when pretreated with 0.5 M, 0.75 Mand 1 M

sucrose, respectively

number of shoots per explant of 2.2. Leaf segments
cultured in the absence of PGRs remained green over a
period of four weeks. Some appeared light brown in
color and finally died on week 6. On the contrary, shoot
formation was found on week three in all treatments with
PGRs. Small protuberances primarily emerged on the
surface of leaf segments and green shoots were formed
(Fig. 1d). Root formation was observed two weeks after
shoot formation initiated (Fig. 1e-f).

Cryopreservation of PLBs using an encapsulation-
dehydration method: Figire 2 illustrates water content in
encapsulated  PLBs  pretreated  with  various
concentrations of sucrose, followed by different
dehydration times. Sigmtficant difference in the percentage
of water loss was observed among all sucrose treatments.
Initial water contents of encapsulated PLBs pretreated
with 0.5, 0.75 and 1 M sucrose for 24 h were 84.62, 83.26
and 76.42%, respectively. We observed that water content
of sucrose-pretreated PL.Bs was gradually reduced within
the first 3 h of dehydration and was completely decreased
after 3 h of dehydration.

Presence of different sucrose concentrations m the
pretreatment mediums and dehydration tine had a
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profound effect on survival percentage of both Neryp and
Cryp PLBs. Sigmificant difference in survival rates
between Neryp and Cryp PLBs were observed amongst all
treatments. Our findings showed that increasing sucrose
concentration could lower the viability of Neryp control
PLBs. Inversely, when sucrose concentration was
increased; the viability of Cryp PLBs was enhanced.
However, when treated with 1 M sucrose its viability was
decreased to less than 23%.

Dehydrated for 4 h after pretreatments with all
sucrose concentrations, Cryp PLBs showed markedly
noticeable viability. In contrast, pretreated with 1 M
sucrose and subsequently dehydrated for 6 h, Cryp PLBs
completely died but when pretreated with 0.5 and 0.75 M
sucrose, remaied viable. The optimal conditions for ugh
survival percentage were those in which encapsulated
PLBs were pretreated with 0.5 and 0.75 m sucrose,
followed by dehydration for 7 and 6 h, respectively.
According to our findings, the maximum swvival
percentage was found in the pretreatment with 0.75 m
sucrose and dehydration for 6 h.

Developmental stages of Cryp PLBs were shown in
Fig. 3a-c. No morphological difference between Neryp
plants and Cryp plantlets.
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Fig. 3(a-e): Cryopreservation of 4. odorata P1.Bs by the encapsulation-dehydration method, ( a-b), Cryp plantlets after
regrown for 3 and 12 weeks, respectively, (¢) Neryp plantlets (left) and Cryp plantlets (right) and (d-e),

pattern of ploidy levels between Neryp and Cryp plantlets analyzed by flow cytometry. Scale bar: a-c, 1 cm

Flow cytometric analysis: Figure 3d-e illustrates ploidy
levels between Noryp plantlets and Cryp plantlets
analyzed by flow cytometry. It was evident that nucler
1solated from leaves of those plantlets exhibited the same
peak of DNA content, indicating no change of the ploidy
levels.

DISCUSSION

The present study demonstrated that BA and NAA
could be used in PLB induction and plantlet regeneration
i leaf segments of 4. odorata. Leaf segments showed
different responses to wide range concentrations of BA
or NAA. The results presented here also suggested that
shoot formation could be achieved n the treatment with
BA alone, while a combination of BA and NAA was more
likely to promote PLB initiation. Kim and Kim (2003) and
Puchooa (2004) supported that a
auxin and cytokinin effectively enhanced the number of
PLBs and the frequency of responsive explants with
PLB formation. Application of BA combined with
NAA in attempts to induce PL.B formation was successful

combination of

i many orchid species, e.g.. Phalaenopsis amabilis,
Cypripedium macranthos, Dendrobium densiflorum and

Cymbidium giganteum (Arditt and Emst, 1993,
Shimura and Koda, 2004; Luo et al., 2008; Hossamn et af .,
2010). Moreover, seedling growth of Rhynchostylis retusa
was enhanced when a combination of BA and NAA was
applied (Thomas and Michael, 2007). However, BA
combined with NAA resulted in callus induction i1 shoot
tips of Dendrobium chrysotoxum, whilst BA alone was
optimal for PLB formation (Roy et al, 2007). In
addition, some reports claimed that a combination of BA
and 2,4-dichlorophynoxyacetic acid (2,4-D) was more
effective than NAA for callus and PLB mduction.
Janarthanam and Seshadn (2008) reported that callus
formation from leaf explants of Varilla planifitia was
stimulated when explants received BA combined with
2,4-D. BA alone plays an efficient role in the induction of
callus or PLB formation from several orchid parts such as
protocorms, leaf segments and shoot tips (Kuo et al.,
2005; Sheelavanthmath er al., 2005; Roy et al, 2007).
Mok et al. (2000) reported that 6-benzylaminopurine or
6-benzyladenine (BAP, BA) is adenine type of cytokinin
which promotes cell divisions and cell expansions in plant
culture. Tt has been widely used in orchids for several
purposes such as somatic embryo development, PLBs

proliferation and stimulation of shoot formation.
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Sheelavanthmath et al. (2005) observed the effect of BA
on PLB formation in Aerides crispum and found that
among Thidiazuron (TDZ), BA and kinetin tested, BA
promoted the number of PLBs mduced from protocorm
and leaf explants. These results were similar to the
findings of Lee and Lee (2003) who reported that 4.44 pm
BA vielded the highest percentage of PLB formation and
maximum number of PLBs per explant in protocorm
segments of Cypripedium formosanum. However, the
present study suggested that BA alone actively induced
shoot formation from leaf segments. The percentage of
shoot formation and mean number of shoots per explant
mcreased when high BA concentrations were applied.
The present study was in agreement with the findings of
Nayak et al (1997) who reported that addition of
cytokinin to mediums was essential to induce shoot bud
regeneration in foliar explants of Acampe praemorsa. In
Cymbidium giganteum, the maximum number of shoot
buds produced on pseudo-stemn segments was obtained
in the presence of 3 mg 1.7 BA but high concentrations
of BA restrained shoot bud production (Hossain et al.,
2010). Apart from that, Santos Diaz and Alvarez (2009)
found that shoot formation from leaf explants without any
callus or PLB formation could be induced by a
combination of BA and NAA. Tn particular, 22.21 um BA
combined with 10.7 pm NAA showed the maximum
number of shoots (25 shoots per explant) and the longest
shoot (48 mm).

In general, auxins are important to stimulate callus
production and cell growth, to imtiate roots and to mduce
somatic embryogenesis. Types of auxins which are mostly
used in plant tissue culhure mediums include Tndole-3-
butyric acid (IBA), 2,4-D and NAA. IBA and 2,4-D are
considered to mduce rapid cell proliferation but exposed
to high concentrations with extended time, especially
2,4-D, morphogenesis process is suppressed (Kuo et al.,
2005). These observations were also reported in
Dendrobium, Oncidium and Phalaenopsis (Chung et al.,
2007; Chen and Chang, 2001, 2006). Moreover, Zhao et al.
(2008) suggested that NAA was
than IBA for plantlet regeneration from callus in
Dendrobium candidum.

Effectiveness of NAA in callus or PLB induction
was reported in  different orchud species such as
Aerides, Cymbidium and Paphiopedilum
(Murthy and Pyati, 2001; Huan et ol., 2004, Hong et al.,
2008). According to the present study, NAA alone could
induce shoot formation from leaf segments without
interference of PLB formation. At low and moderate
concentrations, NAA improved shoot formation, whilst
high concentrations limited shoot formation. Likewise,

more effective
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Nayak et al. (1997) reported that 1 mg 17" NAA was
optimal for inducing shoot bud regeneration from foliar
explants, while shoot regeneration was suppressed when
NAA concentrations increased to 5 mg L™". It could be
inferred that a success in PLB production or plantlet
regeneration induced by exogenous PGRs depends upon
plant species, types of PGRs and concentrations.

According to the present study, leaf segment-derived
PL.Bs showed high regeneration capacity when
transferred to modified ND mediums supplemented with
10% (w/v) potato extract without PGRs. Shoots rapidly
formed and development of roots was found on week
four. Addition of complex organic extracts such as
coconut water, banana homogenate and potato extract, to
culture mediums are considered beneficial for plantlet
regeneration mn orchids (Arditth and Emst, 1993). Being
rich in energy, vitamins and plant hormones, complex
organic extracts were widely used for promotion of shoot
and root formation in Cypripedium and Doritagnopsis
(Lee and Lee, 2003; Park et ai., 2003), induction of seed
germination in Rhynchostylis (Thomas and Michael, 2007)
also in callus and PLB growth of Doritaenopsis
(Islam et al., 2003; Rahman et al., 2004).

Leaf segment-derived PLBs of 4. odorata were
successfully cryopreserved by the encapsulation-
dehydration method. In this technique, alginate beads
principally play a role as seed coats to protect the embryo
and as endosperm to provide nutrients. Algmate beads
can protect the explants from injury which may occur
during dehydration and freezing (Suzuki et al., 2005).
Moreover, pretreatment conditions and optimal
dehydration times are key factors successful
cryostorage. Many orchid parts such as seeds, shoot tips,

for

cell suspension, pollen, protocorms and PLBs have been
successfully cryopreserved using the encapsulation-
dehydration method (Na and Kondo, 1996; Tshikawa et al.,
1997, Tsukazaki et al, 2000, Hirano et af., 2005,
2009; Maneerattanarungroj et al, 2007
Thammasiri and Seamkul, 2007, Y and Hong, 2009,
Antony et al., 2010). In general, PL.Bs are considered as a
suitable source of material for germplasm conservation
because of their high regeneration capacity to develop
into a normal plant, this 15 why we have used it in our
study.

Scottez et al. (1992) suggested that freezing tolerance
of plant materials could be induced by pretreatment with
high levels of osmotic substances such as sucrose,
sorbitol and mannitol. Sucrose has been widely used in
pretreatments rather than sorbitol and manmitol because
it is inexpensive. Moreover, sorbitol and mannitol were
reported to inhibit shoot growth m African violet and
Begoniaxerythrophylla (Burritt, 2008; Moges et al,



Pak. J. Biol. Sci., 17 (3): 608-618, 2014

2004). Paul et al. (2000) reported that different
concentrations of sucrose used as a pretreatment, could
be used as factor of improving survival after freezing.
Moges et al. (2004) used 0.1-0.75 M sucrose to improve
viability and regrowth capacity of Cryp shoot tips of
African violet and found that the highest survival and
regrowth rates were enhanced by the pretreatment with
0.3 M sucrose for 2 days. Halmagyi and Deliu (2007)
reported that high shoot regeneration from Cryp shoot
tips of carnation was obtained from the pretreatment with
0.5 M sucrose for 48 h. In Dendrobium Bobby Messina,
high viability of Cryp PLBs estimated by TTC staimning
test was improved when PLBs were pretreated with 0.6 M
sucrose for 24 h (Antony et al, 2010); whereas, viability
of Cryp PLBs (1-2 mm in size) of Dendrobium soma-28
and Dendrobium Bobby Messina was enhanced when
PLBs were pretreated in semi-solid half-strength MS
mediums contamning 1 M sucrose for 24 h (Pouzi et al.,
2011; Zainuddin et al., 2011).

Shibli (2000) suggested that resistance capacity of
explants to dehydration and freezing could be enhanced
using sucrose-enriched mediums for 1-7 day. Sucrose in
pretreatments is involved in osmotic desiccation during
the treatment, leading to reduction of water content. It is
absorbed into cells and replaces water molecules,
resulting in accumulation of soluble sugars. Moreover,
high sugar concentrations in the cell cytoplasm help to
increase stabilizing membranes and proteins durng
desiccation and freezing condition and also help to
establish a vitrified state during cooling (Shiblh et al,
2001), thus enabling cells to tolerate dehydration.
However, high levels of sucrose concentrations (>1 M)
became toxic and its toxicity increases with a prolonged
duration. Wang et al. (2005) found that Cryp shoot tips of
raspberry did not survive when encapsulated shoot tips
were treated with 1 M sucrose for 3 day, while using
stepwise pretreatment of explants by gradually increasing
sucrose concentrations from 0.25-1.25 M reduced
viability of explants when final concentration reached
1.25 M. Antony et al. (2010) studied the effects of sugar
types (sucrose and sorbitol) and concentrations on
viability of Cryp PLBs and found that addition of
0.8-1.2 M sucrose trended to decrease viability while
viability was obviously reduced in 1.4 M sorbitol In
addition, some reports indicated that the use of 1 M
sucrose affected survival and regrowth rates of
Cryp shoot tips, PLBs and embryogenic calli of carnation,

Dendrobium candidum and Dioscorea  bulbifera,
respectively (Halmagyi and Deliu, 2007,
Mmg-Hua and Sen-Rong, 2010, Yin and Hong,
2009).

Another factor mvolved m viability and regrowth
capacity of plant materials subject to cryopreservation is
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dehydration. Owing to plant cells contain high water
content which can cause damage as a result from
formation of ice crystals during freezing, therefore,
reduction of water content 1s necessary to avold injury.
Wang et al. (2002) compared dehydration capacity
between air-drying and silica gel m terms of survival
percentage of Cryp shoot tips of grapevine and found out
that the remaining water content in the explants after
desiccation was a key parameter to consider rather than
dehydration methods. In the encapsulation-dehydration
technique, many studies indicated that the optimal water
content ranged from 10-25% on a fresh weight basis
enhanced viability and regrowth capacity of explants after
thawing (Shatnawi et al, 2004, Suzuki et al, 2005;
Wang et al., 2005) . In the present study, water content in
visible Cryp PLBs ranged from 10 to 35%. The present
study was in agreement with Wang et ol (2002) who
reported that water content in Cryp embryogenic cell
suspension viable was 20.6%. Increasing
concentrations and extending dehydration times were also
found to completely suppress the swvival rate of Cryp
PLBs.

The results presented here also indicated that the
encapsulation-dehydration method did not affect plantlet
regeneration. PLBs could develop into a whole plant

SUCTOSC

within 7 weeks after recovery. According to flow
cytometry, ploidy levels between Neryp plantlets and
Cryp plants were not different, ndicating cytogenetic
stability. The present study was m agreement with
Hirano et al. (2005) who reported similar patterns of DNA
content and ploidy levels between Neryp and Cryp
plantlets. In potatoes, comparative
polyploidy levels of Neryp and Cryp plantlets mdicated
that cryopreservation techmque did not cause any
changes in polyploidy levels (Zarghami et al., 2008).

studies on the

CONCLUSION

In summary, the present study suggested a simple
and efficient procedwe for in vitro propagation and
cryopreservation of 4. odorata. According to the results,
shoot formation could be induced by either BA or NAA
alone, while PLBs could be induced by a combination of
BA and NAA. The present study also suggested that
sucrose concentrations in pretreatments and dehydration
times both affected the viability and regrowth capacity of
Cryp explants. To assess whether or not cryopreservation
caused genetic variation, flow cytometry was considered
as an important tool. However, further studies relying on
other methods such as Random Amplified Polymorphic

DNA (RAPD) and Restriction Fragment Length



Pak. J. Biol. Sci., 17 (3): 608-618, 2014

Polymorphism (RFLP), to detect genetic stability and to
expand the applicability of this procedure to other orchid
species remains necessary.
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