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Abstract: Optimum media salts concentration is essential for in vitro rapid propagation of orchid to provide
sufficient nutrient require to promote metabolism and cell growth and to prevent toxic effect of media salts.
Trehalose has a strong stabilizing effect on biological structures, forming a glass-like structure after
dehydration. Because of these characteristics, trehalose is predicted to become a useful stabilizer in foods and
an additive in cosmetics and pharmaceuticals. The aim of this study is to integrate findings on the regulatory
function of hyaluronic acid (HA) with trehalose to effects on growth and development of protocorm-like bodies
(PLB) of two Cymbidium spp. Results of this study revealed that low concentration of HA with trehalose in
modified MS medium increased maximum formation of PLB within short duration of culture. In Cymbidium
insigne, 100% PLB formation rate was observed on medium containing trehalose with 0.1 mg/l HA9 or 1 mg/l
HA9 after 5 weeks of culture. In Cymbidium dayanum, 80% PLB formation rate was observed on media
containing trehalose with 0.01 mg/l HA9 after 3 weeks of culture. Based on our present study we concluded that
trehalose and hyaluronic acid added with culture medium, rapidly increased the formation rate of PLB, shoot
and root in vitro culture of Cymbidium spp.
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INTRODUCTION acids that results in discolouration during the processing

Orchids are members of the family Orchidaceae, effect on biological structures, forming a glass-like
which is one of the largest families of flowering plants. structure after dehydration. Because of these
The increase in orchid production is leading to higher characteristics, trehalose is predicted to become a useful
public demand for technical assistance and information in stabilizer in foods and an additive in cosmetics and
order to improve orchid growth, development, production pharmaceuticals [5, 6]. Although trehalose occurs in
and quality. Cymbidiums have been arguably the most various organisms (such as mammals, insects, algae,
important genus of orchid in horticulture [1]. The majority fungi, bacteria and plants) sucrose is found only in the
of Cymbidium spp. are commercially produced using Plant Kingdom and in some photosynthetic prokaryotes,
tissue culture methods. Tropical Cymbidium spp. form such as cyanobacterial species, that are able to fix CO
protocorm-like bodies (PLBs), which can regenerate into through photosynthesis. Optimum media salts
plantlets and thus, are used for commercial propagation concentration is essential for in vitro orchid to provide
[2, 3]. Therefore, efficient in vitro propagation of orchid sufficient nutrient require to promote metabolism and cell
PLBs is required for commercial production. growth and to prevent toxic effect of media salt [7].

Trehalose (a-D-glucopyranosyl a-D- Sucrose has been accounted to be superior to other
glucopyranoside) is a disaccharide composed of two sugars  for  in  vitro  orchid  growth  [8].  The regulation
molecules of glucose. In spite of the fact that its of  plant  development  by  carbohydrates  has attracted
biosynthesis is similar to that of sucrose, its evolutionary a lot of interest over the last few years and several
origin is probably more ancient because it is present in all signaling pathways that integrate sugar responses have
kingdoms [4]. The absence of reducing ends renders been identified. One such pathway involves the
trehalose highly resistant to heat, pH and Maillard’s synthesis, perception and response to the non-reducing
reaction (a reaction between carbohydrates and amino disaccharide    trehalose    and    its  precursor trehalose-6-

of potatoes). Moreover, trehalose has a strong stabilizing
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hosphate (T6P). Recent reviews on the trehalose Data  Analysis:  Experimental  data  were  collected after
biosynthetic pathway in plants focus on the role of 3/5 weeks of culture by counting the number of PLB and
trehalose in stress responses [9], the function of T6P in shoot; percentage of PLB and shoot and the fresh weight
development [10] and the regulation of growth by T6P of  PLB  were  measured.  The  data were analyzed to a
[11]. Support for the hypothesis that effects of trehalose one-way analysis variance (ANOVA) and differences
metabolism on growth are caused by changes in between means were tested using Turkey’s honestly
carbohydrate metabolism is found in the observation that significant different test (P  0.05).
simultaneous addition of sucrose restores growth in the
presence of trehalose and in the accumulation of starch in RESULT
response to trehalose supply [12]. Few studies have been
done on using trehalose as a substitute for carbon source Effect of Trehalose (Disaccharide) and Hyaluronic Acid
for the proliferation of PLBs. (HA9) on Organogenesis of PLBs Culture of C. insigne:

Hyaluronan or hyaluronic acid (HA) is a major
macromolecular  polysaccharide   component   of  the
extra-cellular matrix that confers structural framework for
cells [13]. The simple repeating structure of HA is
involved in both a number of important cell behaviors and
maintenance of tissue architecture. HA also has been
reported in various agricultural applications; Park et al.
(2008) tested systemic resistance induction by HA to
cucumber, tomato and pepper. HA in culture media have
also shown to improve orchid organogenesis in vitro
such  as  C.  dayanum,  C.  insigne,  C. finlaysonianum
[15, 16, 17] and C. Waltz ‘Idol’ [18]. The aim of this study
is to integrate findings on the regulatory function of
hyaluronic acid with trehalose to explain effects on
growth and development of PLB and shoot of two
Cymbidium spp. in vitro.

MATERIALS AND METHODS

Plant Material and Explants Source: Protocorm-like
bodies (PLB) of C. insigne and C. dayanum were
proliferated in the modified Murashige and Skoog [19]
medium by transferred new medium every two months.
After excision of PLB (ca. 3 mm in diameter) into pieces,
they were used as explants.

Culture Methods: MS medium containing 412.5 mg/l
ammonium nitrate, 950 mg/l potassium nitrate, 20 g/l
trehelose and 2 g/l Phytagel (Sigma KK, Japan) was
adjusted  to  pH 5.5-5.8 before autoclaving. Hyaluronic
acid  (HA  9- Shiseido, Japan) at various concentrations
(0, 0.01, 0.1, 1 and 10 mg/l) was added to culture media
before sterilization. Jars (250 ml UM culture bottle; As
One, Japan) with plastic caps containing 30 ml of medium
were used as culture vessels. Five explants were cultured
in each culture vessel and three culture vessels were used
for each treatment. All cultures were maintained at 25°C
with a 16 h photoperiod and irradiance of 54 µmol m  s2 1

under white fluorescent tube for 3/5 weeks.

The effect of trehalose and different concentrations of
hyaluronic acid (HA9) added medium on organogenesis
in  PLBs  culture  of  C. insigne showed in Table 1 and
Fig. 1. Significant difference found trehalose with 1 mg/l
HA9 treatment compare with control. The PLB formation
rate was 100% observed on medium containing trehalose
with 0.1 mg/l HA9  or  1  mg/l  HA9 after 5 weeks of
culture. The maximum fresh weight (74.9 mg) of PLBs, the
highest average number of PLB (4.8 PLBs/explant) were
recorded on medium containing trehalose with 1 mg/l
HA9; whereas the control treatment showed a fresh
weight of 37.6 mg, a PLB formation rate of 67% and an
average of 1.6 PLBs/explant after 5 weeks of culture. The
highest average number of shoot was (1.2 shoots/explant)
observed in explants cultured in medium supplemented
with trehalose and 10 mg/l HA9, comparatively control
treatment had 0.3 number of shoot. The root formation
above 20% was observed almost every treatment except
trehalose with 10 mg/l HA9 treatment. 

Effect  of  Trehalose  (Disaccharide)  and  Hyaluronic
Acid  (HA9)  on  Organogenesis   of   PLBs   Culture  of
C. dayanum: The effect of trehalose and hyalurocin acid
(HA9) added medium on organogenesis in C. dayanum
after 3 weeks of culture showed in Table 2 and Fig. 2.
Significant difference found trehalose with 0.01 mg/l HA9
treatment compare with control. The PLB formation rate
was 80% and highest number of PLB (3.7 PLBs/explant)
and the maximum fresh weight of PLBs (58.8 mg) were
observed on medium containing trehalose with 0.01 mg/l
HA9 within 3 weeks of culture. The highest shoots
formation rate 73% was observed with either 0.01 m/l HA9
or 0.1 mg/l HA9 with trehalose. The highest average
number of shoot (1.7 shoots/explant) was observed in
explants  cultured  in  medium supplemented, trehalose
with 0.01 mg/l HA9, comparatively control treatment had
0.5 number of shoot. The percentage of roots formation
47% was observed with either 0.01 mg/l HA9 or 10 mg/l
HA9.
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Table 1: Effect of hyaluronic acid (HA9) at different concentrations in the presence of trehalose on in vitro PLBs, shootlets and rootlets formation of Cymbidium
insigne. Explants cultured and incubated under (16/8h) of light condition for 5 weeks

PLB Shoot Root
---------------------------------------------------------------- ---------------------------------------- ------------------------------------

HA9 (mg/l) No./explant Rate  (%) FW (mg) No./explant Rate  (%) No./explant Rate  (%)1) 2) 1) 2) 1) 2)

Control 1.6 ± 0.4b 67 37.6 ± 5.8b 0.3 ± 0.3b 27 0.2 ± 0.2a 20
0.01 2.4 ± 0.5b 93 41.7 ± 4.7b 0.3 ± 0.2b 33 0.2 ± 0.2a 20
0.1 3.2 ± 0.6ab 100 49.1 ± 5.5ab 0.7 ± 0.3ab 47 0.2 ± 0.2a 20
1 4.8 ± 0.7a 100 74.9 ± 14.5a 0.5 ± 0.3ab 40 0.3 ± 0.2a 27
10 2.9 ± 0.6ab 87 44.2 ± 5.3b 1.2 ± 0.4a 67 0 0
*Value represents means±SE followed by the different letters show significant differences by Turkey HSD test (P  0.05)
 Average number = Number of cultured explants with new PLBs or shoot/total number of cultured explants1)

 Percentage of PLBs/shoot formation (%) = [(Number of cultured explants with new PLBs or shoot)/(Total number of cultured explants)] X 1002)

Table 2: Effect of hyaluronic acid (HA9) at different concentrations in the presence of trehalose on in vitro PLBs, shootlets and rootlets formation of Cymbidium
dayanum. Explants cultured and incubated under (16/8h) of light condition for 5 weeks

PLB Shoot Root
---------------------------------------------------------------- ---------------------------------------- ------------------------------------

HA9 (mg/l) No./explant Rate  (%) FW (mg) No./explant Rate  (%) No./explant Rate  (%)1) 2) 1) 2) 1) 2)

Control 0.9 ± 0.4b 53 49.3 ± 7.7a 0.5 ± 0.2b 47 0.5 ± 0.3a 40
0.01 3.7 ± 0.9a 80 58.8 ± 6.7a 1.7 ± 0.4a 73 0.7 ± 0.3a 47
0.1 1.0 ± 0.3b 67 53.7 ± 5.4a 1.0 ± 0.2ab 73 0.5 ± 0.3a 40
1 1.0 ± 0.4b 53 48.6 ± 6.2a 0.7 ± 0.3b 53 0.4 ± 0.3a 33
10 0.9 ± 0.3b 60 43.7 ± 4.7a 0.7 ± 0.2b 67 0.6 ± 0.3a 47
*Value represents means±SE followed by the different letters show significant differences by Turkey HSD test (P  0.05)
 Average number = Number of cultured explants with new PLBs or shoot/total number of cultured explants1)

 Percentage of PLBs/shoot formation (%) = [(Number of cultured explants with new PLBs or shoot)/(Total number of cultured explants)] X 1002)

Fig. 1: Effect of trehalose (disaccharides) and hyaluronic acid (HA9) on organogenesis in PLB culture of Cymbidium
insigne after 5 weeks of culture. A: Control; B: HA9 0.01 mg/l; C: HA9 0.1 mh/l D: HA9 1 mg/l; E: HA9 10 mg/l;
Bar: 10 mm

Fig. 2: Effect of trehalose (disaccharides) and hyaluronic acid (HA9) on organogenesis in PLB culture of Cymbidium
dayanum after 3 weeks of culture. A: Control; B: HA9 0.01 mg/l; C: HA9 0.1 mh/l D: HA9 1 mg/l; E: HA9 10 mg/l;
Bar: 10 mm
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DISCUSSION observation that trehalose can be used to preserve

Sucrose is easily available to cell and directly studies. Trehalose can stabilize dehydrated biological
participate in glycolytic and penthose phosphate structures, such as lipid membranes or enzymes, more
pathways for cell growth and was also found to act as effectively than other sugars [25]. Because of these
osmotic role to the culture system [20]. Trehalose, specific properties, trehalose has been selected as a target
previously reported for orchid seed propagation [21, 22] molecule  for  genetic  engineering of plants, both for
energy source for asymbiotic germination. The results cost-effective large-scale production of this compound
indicated that trehalose is not as effective as sucrose or and for engineering drought-tolerance in crops [26].
glucose, whereas it provided an alternative carbon source Trehalose has been suggested as a regulatory component
for seedling growth. In addition, trehalose have been used in the control of glycolytic flux and in a variety of stress
on maintaining algae suspension cultures [23]. Our work survival strategies in yeast [27]. In rice plants, trehalose
highlights the effects of trehalose on PLBs proliferation of is a signal substance for the protection against pathogen
Cymbidium spp. in vitro and results of this study [28]. Trehalose synthetic enzymes are known to be
described that trehalose worked as sucrose in vitro important factors for controlling ontogeny and
culture. organogenesis in maize [29]. In Cymbidium species,

Plants convert assimilated carbon into a range of trehalose supposed to be signals for organogenesis in
monosaccharide sugars, many of which serves as vitro cultures. Pulse treatments using trehalose and
precursors for the synthesis of more complex oligo-and sucrose considered to be useful for plantlet production in
polysaccharides. These complex carbohydrates fulfill very Cymbidium species [3] and hyaluronic acid (HA) have of
diverse functions in plants and are, for example, used as recent been suggested as potential elicitor of Cymbidium
long-term energy storage or constitute important in vitro (13-17) culture media. In this experiment results
structural components of plant cells. In addition to their also revealed that trehalose and HA increased PLBs,
metabolic and structural roles, carbohydrates can also shoots and roots in Cymbidium tissue culture. 
influence plant growth and development. Trehalose is the
major carbohydrate energy storage molecule. The CONCLUSION
accumulation of the trehalose plays an important role to
protect the cell composition from damage by the oxidation Plant growth and development are tightly controlled
reaction under the stress condition [24]. Results of this in response to environmental conditions that influence
study, in Cymbidium insigne, within 5 weeks of culture the availability of photosynthetic carbon in the form of
indicated that control treatment induced 67% PLB sucrose. Trehalose in the biosynthetic pathway, is an
formation, 27% shoot formation and 20% root formation important signaling metabolite that is involved in the
however when HA was added with trehalose the growing regulation of plant growth and development in response
percentage  of  PLB,  shoot  and  root formation rate to carbon availability [30]. Based on our present study, it
(100%, 67% and 27%) were increased significantly. Similar can be concluded that trehalose and hyaluronic acid
results were found in C. dayanum; with control treatment added with culture medium, rapidly increased the
which induced 53% PLB, 47% shoot and 40% root formation rate of PLB, shoot and root of Cymbidium spp.
formation within 3 weeks of culture. However the addition in vitro.
of HA with trehalose increased the growing rate of PLB,
shoot and root (80%, 73% and 47%) very fast and REFERENCES
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