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Abstract

Efficient micropropagation protocol was established in Cymbidium aloifolium through
induction of secondary (2°) protocorms from primary (1°) protocorms, shoot buds (SBs)
and protocorm-like bodies (PLBs) from pseudo-stem segments of in vitro raised
seedlings. Neo-formation of 2° protocorms from 1° protocorms was obtained in liquid
and agar-solidified Phytamax (PM) medium with NAA, 2,4-D, BAP and Kn at different
concentrations and combinations. The highest number of 2° protocorms was induced in
liquid PM medium (9.76 + 0.88/1° protocorm) amended with 2.0 mg/l BAP + 1.0 mg/l 2,4-
D. Although protocorms proliferated profusely in liquid medium, hyperhydricity was
observed after prolonged culture. Both SBs and PLBs were induced from pseudo-stem
segments on agar gelled PM medium and the mode of differentiation was dependent
upon specific PGRs concentrations. The maximum number of SBs (5.80 + 2.59/explant)
was recorded in BAP and NAA at 1.0 mg/l each, while the maximum number of PLBs
(7.20 £ 3.22/explant) were induced in 2.0 mg/IBAP and NAA each. Well developed root
systems were induced SBs and PLBs on transferring to half-strength PM medium
fortified with 0.5 mg/l IAA. The rooted plantlets were transferred to the greenhouse with
95% survival.

Introduction

Cymbidium aloifolium (L.) Sw., commonly known as ‘aloe-leafed cymbidium’, is a tropical
tender perennial herb. This is an epiphytic orchid distributed in tropical and subtropical
Asia. It is a high value medicinal plant use in the traditional system of medicine. Root
powder is used to cure paralysis. Tribal people of Chittagong Hill Tracts (Bangladesh)
use leaf extract for treating boils and fever (Hossain 2011). Pasted aerial roots are used for
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joining fractured bones and whole plant is used as emetic, tonic and in treating ear-ache,
burns and sores. Plant is pounded with ginger and the water extract is given to cure
chronic illness, weakness of eyes, vertigo and paralysis (Hossain 2011). Apart from
medicinal value it has high floricultural importance as this plant produces 20 - 30
perpetual attractive flowers of a unique frosty texture on long pendulous inflorescence.
Unfortunately, this orchid is disappearing at an alarming rate due to continuous
destruction of natural habitats, over exploitation for medicinal purposes, killing of
pollinators, climate change, unauthorized trade and ruthless collection by orchid lovers.
The present status of this orchid undoubtedly led to an increased emphasis on mass
propagation and conservation in nature.

In vitro seed germination of C. aloifolium and mass production of plantlets through in
vitro culture of plant parts has been reported by several workers. Hossain et al. (2008)
reported BAP induced high frequency PLBs production from the base of cultured
seedlings but the regeneration ability of the seedlings was observed for first few weeks
only. For commercial production of seedlings/plantlets for economic and conservation
applications, a precise, simple, economical, rapidly multiplying and highly reproducible
protocol is required. The major obstacles for mass propagation of economically important
orchids, including C. aloifolium, are: (i) Selection of suitable explants for micropro-
pagation and (ii) scaling up and automation of the techniques (Hossain et al. 2010).

The liquid culture systems have rarely been used in commercial laboratories for
orchid tissue culture. Although the liquid culture system offers the advantages of rapid
growth and propagation, and the opportunity of scaling-up and automation, it is more
complicated to maintain, particularly when using sophisticated bio-reactors. Moreover,
malformation or hyperhydricity (development of physiologically abnormal organ or
proliferating bodies) is a common disadvantage of liquid culture system (Teisson and
Alvard 1995) and a higher risk for contamination limits their use (Winkelmann et al.
2006). Dual phase culture system i.e., multiplication of PLBs in liquid medium and
plantlet regeneration on agar solidified medium may reduce these barriers. Keeping in
mind the above, present studies were undertaken in C. aloifolium for developing efficient
protocols for: (a) induction of 2° protocorms from 1° protocorms; and (b) production of
multiple shoot buds or PLBs from pseudo-stem segments. The multiple regeneration
pathways developed for C. aloifolium could be employed for commercial production of
seedlings of this high value medicinal orchid and could be extended to other orchids as
well.

Materials and Methods

Six to seven month-old green capsules of Cymbidium aloifolium (L.) Sw. were collected
from the naturally grown plants from the hilly forest of Cox’s Bazar district of
Bangladesh. The protocol followed for surface sterilization and inoculation of seeds was
the same as described earlier (Hossain et al. 2009). The protocorms developed from
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cultured seeds were harvested after 7 - 8 weeks of germination and further use for
regeneration experiments.

Liqguid and agar gelled PM (Phytamax™, Cat. No. P-6793, Sigma, USA)
supplemented with BAP (1.0 - 5.0 mg/l), Kn (1.0 - 2.0 mg/l), NAA (1.0 - 5.0 mg/l) and 2,4-
D (1.0 - 2.0 mg/l), either individually or in combinations were used. For culture of
protocorms both liquid and agar-gelled media were used while only agar-solidified
medium was used for culture of pseudo-stem segments harvested from in vitro raised
seedlings. The pH of the medium was adjusted to 5.4 prior to autoclave at 121°C and at
15 psi for 20 min. Culture vessels were maintained in a culture room maintaining 14 hrs
photoperiod at 60 pmol/m?/s, 25 £ 2°C and 60% RH. Liquid cultures were kept on a
platform shaker at 100 rpm in the same culture conditions.

Fifty to 70 day-old seed-derived protocorms (average 200 per 150 ml flask) were used
for production of 2° protocorms. Pseudo-stem segments (0.5 - 1.0 cm), were cut
transversally from the base of the in vitro raised seedlings, and used for induction of PLBs
or shoot buds. Five segments were cultured in each flask. Within two week of culture of
both types of explants, 2° protocorms (from 1° protocorm), PLBs or SBs from pseudo-
stem segments were produced. The average number of 2° protocorms and SBs or PLBs
developed per explant was calculated after one month of culture.

For induction of stout root system, the in vitro produced plantlets (3 - 4 cm) were
grown individually in test tube containing 50 ml of half and full strength agar solidified
PM medium fortified with 0.5 or 1.0 mg/l IAA for 30 days. Well-rooted plantlets were
taken out from culture tubes, washed thoroughly under running tap water to remove
agar attached to the root surface and transferred to plastic pots (15 cm dia. x 15 cm
height) containing a potting mixture of sterile brick pieces, charcoal pieces, coco peat and
vermiculite at 1 : 1 : 0.5 : 0.5 and kept in greenhouse (25 - 30°C and RH 60 - 70%).
Watering was done once in a day for the first one week and then twice in a week. Two
hundred plantlets (derived from 100 SB and 100 PLBs) were transferred to greenhouse
and survival rate was recorded after two months of transfer to pots.

For histological studies, PLBs were fixed in formalin-acetic acid-alcohol (FAA) (1 ml
formalin : 1 ml acetic acid : 18 ml 50% ethanol) solution for one week and preserved in
70% ethanol until use. Dehydration was done in tertiary butyl alcohol series. Infiltration
was done with paraffin wax at 58 - 60°C. Blocks were prepared using paraffin wax. Serial
longitudinal sections (12 um) were cut with a microtome (Shandon Finsse ME, Thermo
Electron Corp., UK). The staining procedure was the same as described by Prakash et al.
(1999). The sections were observed under a light microscope (Labophot, Nikon Corp.,
Japan).

A complete randomized design (CRD) was used. The experiments were repeated
thrice maintaining five replicates per treatment in micropropagation studies, while for
rooting experiment, 10 shoots or PLB originated plantlets were used for each treatment.
Mean values of these experiments were separated by ANOVA. Significance of the
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experiments was assessed by DMRT using STATISTICA data analysis software version 7
(Statsoft Wipro, USA) at a significant level p = 0.05.

Results and Discussion

An efficient and reproducible protocol was developed for mass propagation of C.
aloifolium. Different pathways established for mass propagation were: (i) Production of 2°
protocorms from 1° protocorms in both liquid and agar solidified culture, (ii) dual phase
culture system i.e., protocorm multiplication in liquid medium and plantlet regeneration
on agar-solidified medium, and (iii) induction of shoot buds and PLBs from pseudo-stem
segments of in vitro raised seedlings. These morphogenetic pathways are described
below.

The seeds produced green protocorms (1° protocorms) on agar gelled PM medium
(Fig. 1A,B) which were used for further regeneration studies. Neo-formation of 2°
protocorms from 1° protocorms was found in both liquid and agar solidified PM medium
supplemented with different concentrations and combinations of auxins (NAA and 2,4-
D) and cytokinins (BAP and Kn) (Table 1). Initiation of 2° protocorms occurred within
two weeks of culture in liquid medium, whereas in agar solidified medium initiation
started after three weeks of culture. The protocorms multiplied in liquid culture but
failed to develop plantlets (Fig. 1C1, D1, D2) unless transferred to agar solidified medium
(Fig. 1Ds, Ds). Non-uniformity and hyperhydricity of 2° protocorms was also observed in
almost all the protocorms when these were kept for long durations (>3 months) in the
liquid medium (Fig. 1Ds, D4). Significantly higher number of 2°protocorms (9.76 + 0.88/1°
protocorm) were induced in liquid medium when fortified with 2.0 mg/l BAP and 1.0
mg/l 2,4-D, whereas in agar solidified medium highest number of 2°protocorms (7.00
4.04/1° protocorm) was found in medium fortified with 1.0 mg/l Kn and 1.0 mg/l12,4-D.
Percentage of protocorms that produced 2° protocorms also varied in different
concentrations and combinations of PGRs (Table 1). It was highest (97%) in 2.0 mg/l BAP
+ 1.0 mg/l 2,4-D and in 1.0 mg/l Kn + 1.0 mg/l 2,4-D. Initially the 1° protocorms increased
in length developing a rhizomatous structure and 2° protocorms were regenerated in
both liquid (Fig. 1D2) and agar gelled medium (Fig. 1Cz, Cs, Ca). It is pertinent to mention
here that, in agar solidified medium, the 1° protocorms produced 2° protocorms and
subsequently developed into plantlets on the same medium (Fig. 1Cz, Cs, Cs). Based on
the above findings, 2° protocorms were produced in liquid medium and for mass scale
production of plantlets these were transferred to agar gelled medium. PLBs were
produced from the meristematic zones of the 1° protocorms in C. aloifolium. Development
of PLBs is considered to be a peculiarity which could be developed in two ways, i.e.,
direct (without intervening callus phase) and indirect (with an intermediary callus
phase). The histological and cytological analyses of PLBs revealed the fact that these are
equivalent to somatic embryos (Begum et al. 1994). PLBs could regenerate complete
plantlets as these are somatic embryos. The cells of young PLBs are highly meristematic
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in nature and can be used to hasten and improve plant regeneration in Cymbidium

(Teixeira da Silva et al. 2005).

Table 1. Production of 2° protocorms (PLBs) from 1° protocorms in Cymbidium aloifolium after 30 days
of culture in ager gelled and liquid media.

PGR (mg/l) Protocorms multiplication (%) Production of 2° protocorms/
(Mean + SE)* 1° protocorm (Mean + SE)*

Cont. 23.12 £0.95° 20.75 £+ 4.55f 1.67 £0.33 1.00 + 0.54"
0.0 1.0 - - 46.38 +1.38m  50.20 + 3.342cd 2,67 +0.884 2.67 £ 1.54¢
0.0 2.0 - - 53.67 +0.88ik  42.25 + 3.80Pcdef 4,00 + 0.58ik 4.00 + 2.31df9
1.0 0.0 - - 43.69 £1.35'm  51.72 +4.243cd 4,00 + 0.58iK 4.33 £ 2.50df9
1.0 1.0 - - 38.67 £2.03™  50.32 + 7.502cde 4,33 + 0. 33"k 3.33 +£1.92%
1.0 2.0 - - 30.33 £2.40mop  48.28 + 9.41bcde 3,00 + 0.584 4.00 + 2.31dfg
2.0 0.0 - - 33.23 £2.29mop  31.26 + 4.52¢def 3.33+£0.33 3.33 £1.92f
2.0 1.0 - - 37.33 £1.86m°  40.38 + 3.64bcdet 4,00 + 0.58ik 3.33 £1.92f
2.0 2.0 - - 31.00 £2.52mop  42.45 + 3.25bcdef 3,00 + 0.584 5.33 + 3.08abede
0.0 - - 1.0 88.00 +0.50°cde 33,33 + 1.530def 2.67 +0.33i 3.33 £1.92f
0.0 - - 2.0 87.00 +£2.08¢¢  51.62 + 5.44akc 6.00 + 1.009%fdni 4,33 + 2.509%f9
1.0 - - 0.0 50.67 £2.96k  42.53 + 5.35pbcdef 6,33 + 0.33cdefohi 3.67 £+ 2.12¢%
1.0 - - 1.0 62.54 £2.24ik  62.70 + 4.3220 4.33 £ 0.67Nik 5.00 + 2. 8Qbede
1.0 - - 2.0 89.34 +2.29°cd  50.31 + 7.482cd  6.00 + 1.53cefehi .33 + 3.662¢
2.0 - - 0.0 84.65 +1.77¢¢  27.55 + 3.58¢f 6.67 + 1.2(Qbcdefsh 4,33 + 2.509%f9
2.0 - - 1.0 97.67 £1.762 64.64 + 3.3720 9.76 £ 0.88?2 6.67 +3.27%
2.0 - - 2.0 69.80 £2.89¢fdh 49,52 + 3.95bcde 5,67 + 0.67¢fhi 5,67 + 3.853bcd
- 0.0 1.0 - 73.92 £0.74¢f¢  48.19 £ 2.44bcde 4,33 + 0.33niik 3.33 £1.92f
- 0.0 2.0 - 68.01 £3.88¢fdh  45.26 + 3.09vcdef 4,67 £ 1.209ik 4,00 + 2.31df9
- 1.0 0.0 - 77.14 £0.64%f  37.07 £ 3.96¢def 6.33 +0.33cdefghi 4,33 + 2.50d%f9
- 1.0 1.0 - 65.23 £2.74fani 43,10 £ 3.34bcdef 5,00 £ 0.58fhik 4,33 + 2,50
- 1.0 2.0 - 93.31 £2.06%  43.58 + 4.102bccef 8,00 + 1.00cdef 5.67 + 3.27abed
- 2.0 0.0 - 78.25 £2.779%f  37.55 + 4.21bcdet 7 67 + (0.88cdef 4.67 + 2.69cdef
- 2.0 1.0 - 89.18 +1.33°cd 34,05+ 4.18cdef 6.67 +0.33cdefah 4,67 + 2.69c0def
- 2.0 2.0 - 70.79 £1.68%fs  52.80 + 3.462¢ 6.00 + 0.0Qd%fgni 533 + 3.08abcde
- - 1.0 0.0 81.08 +3.71edef 33,33 + 2.81cdef 7,33 +(0.33bcdel 5,00 + 2.89abede
- - 2.0 0.0 66.57 £1.72¢fdh  53.72 + 3.592b¢ 6.67 + 0.670cdefsh 4,33 + 2.509%f9
- - 0.0 1.0 88.33 +£1.71°cd  46.11 + 4.620cd 7.00 + 1.15bcdefg 5 67 + 3.272bcd
- - 1.0 1.0 97.84 £2.842 67.01 £2.872 9.04 + 0.58% 7.00 £ 4.042
- - 2.0 1.0 94.67 £2.40%>  54.76 + 3.373¢ 8.33 £ 0.33bcd 5.00 + 2.89bodef
- 0.0 2.0 96.23 £1.232 24.02 £ 2.02def 8.33 £ 0.33bcd 6.33 + 3.66%¢
- - 1.0 2.0 93.69 £2.79%  48.01 + 2.02bcde  8.67 + 0.672¢ 5.00 + 2.89bodef
- - 2.0 2.0 78.26 £2.04%f  53.24 + 2.54abcde 6,00 + 0.58defhi 4,67 + 2.69cdef

*Values within the column followed by the same letter are not significantly different at p = 0.05 according

to DMRT; n = 200 protocorms per treatment, experiment conducted thrice maintaining five replicates.
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Fig 1. Regeneration of Cymbidium aloifolium from protocorms. (A) Seeds. (B) Seed originated protocorms (1°
protocorms). (Cz) 1° protocorms growing in liquid medium; (D1, D2) Development of 2° protocorms from 1°
protocorms in liquid medium. (Ds, D4) Malformation or hyperhydricity of protocorms in liquid medium
after 10 weeks of culture; (Ds, Ds) Induction of plantlets from proliferated 2° protocorms in agar solidified
medium. (C2) 1° protocorms growing in agar solidified medium. (Cs, Cs) Development of 2° protocorms
from 1° protocorms in agar solidified medium. (Cs) Plantlet development from proliferated 2° protocorms;
(E) Development of stout root system in plantlets. (F) In vitro raised plantlets established in pots in
greenhouse; (G) Plants at flowering stage. (Bar =5 mm).

Liquid medium may have supported early and higher 2° PLB formation because of
the higher availability of nutrients and growth-promoting substances at the site of
regeneration and because of the elimination of a correlative control imposed by other
tissues and organs (Hossain et al. 2010). Vitrification or hyperhydricity of 2°protocorms
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and failure of shoot regeneration in liquid medium could be correlated to tropisms or
disturbances in polarity (Teixeira da Silva et al. 2006). The main benefit of direct somatic
embryogenesis is that it saves time, is economical and results in propagules with uniform
size and developmental performance (Hossain et al. 2010). Furthermore, within the
shaking culture conditions, the growth and multiplication rate of the shoots is enhanced
by forced aeration, since continuous shaking of the medium provides sufficient oxygen
supply to the tissue. Moreover, liquid medium is easy to prepare and inexpensive as
compared to the solid one. From the above discussion it is obvious that multiplication of
protocorms in liquid medium and subsequent plantlet regeneration in agar solidified
medium is advantageous, economic and less time consuming. By applying this dual
phase culture system mass production of plantlets is possible in this high value medicinal
orchid.

Both SBs and PLBs were induced from pseudo-stem segments of in vitro raised
seedling on agar solidified medium fortified with BAP and NAA. The frequency of SBs
or PLBs regeneration was greatly influenced by the concentrations and combinations of
PGRs. Shoot bud differentiation was initiated directly from the dormant buds of the
pseudo-stem segments within 4 - 5 weeks of culture without intervening callus phase.
Shoot buds first appeared as small, green protuberances from the dormant buds that
bulged into spherical structures and produced numerous axillary buds. These were
proliferated profusely when transferred to fresh medium. The highest average number of
shoot buds (5.80 + 2.59 per explant) was scored in PM medium containing BAP and NAA
(1.0 mg/leach). Low frequency of shoot bud induction was observed in high dosages of
NAA. When BAP and NAA were supplied at higher concentration (2.0 - 5.0 mg/l), the
morphogenetic pathway altered i.e., PLBs were induced instead of shoot buds. The
identity of PLBs was confirmed through histological studies, wherein PLBs showed
independent vascular strand. The PLBs proliferated profusely, when transferred to fresh
medium and the maximum average number of PLBs (7.20 + 3.22/explant) was recorded
in 2.0 mg/l each of BAP and NAA. The above findings demonstrated that single BAP or
NAA or combination of both PGRs at low concentrations influenced shoot bud
regeneration, while combinations of BAP and NAA at higher concentrations (2.0 - 5.0
mg/l) favoured PLBs regeneration. The shoot buds or PLBs developed in to plantlets
when transferred to PGR free medium. The morphogenetic response in orchids varies
depending on a number of factors such as type and source of explants, orientation of
explants in the culture medium, state of the culture medium, endogenous hormone level,
complex additives, culture conditions, and even culture period (Chugh et al. 2009).
However, the combinations, concentrations, and the ratio of exogenous PGRs supple-
ments are critically important (Huan et al. 2004, Hossain et al. 2013).

A number of earlier reports demonstrated that a combination of cytokinin and auxin
at 2 : 1 produced shoot buds (Le et al. 1999). Appropriate combinations of cytokinins
(BAP, TDZ) with NAA for somatic embryos or PLB formation was also reported (Huan
et al. 2004, Teixeira da Silva et al. 2005, 2006, 2007, Hoque and Ghosh 2017). Somatic
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embryogenesis or PLB production is comparatively more efficient than organogenesis,
easy to carry out and can provide large number of propagules for mass propagation
within a short period of time. These systems would facilitate commercial
micropropagation of orchids because they have very high regeneration potential
compared to other methods.

Table 2. Rooting response in shoot buds (SBs) derived shoots of Cymbidium aloifolium.

Culture No. of roots/shoot Length of roots (cm)

medium after 30 days of culture after 30 days of culture
(Mean + SE)* (Mean + SE)*

PM 2.40 £0.16° 242 +0.12¢

¥ PM 2.90 £0.23¢ 2.76 + 0.13cd

PM+ 0.5 mg/l IAA 3.70 £ 0.33%¢ 3.36 £ 0.16°

PM+ 1.0 mg/l IAA 4.10 £ 0.28%® 3.47 £ 0.24°

% PM+ 0.5 mg/l IAA 5.30 £ 0.212 4.44 + 0.16%

% PM+ 1.0 mg/l IAA 4.10 £ 0.35% 4,65+ 0.262

* Mean scored from 10 replicates for each treatment. Mean value within a column followed by the same
letters were not significantly different at p = 0.05.

Table 3. Rooting response in PLBs derived plantlets of Cymbidium aloifolium.

No. of roots/plantlet Length of roots (cm)
Medium (Mean £ SE)* (mean * SE)*
Initial After 30 days of Initial After 30 days of
culture culture

PM 1.70 £ 0.212 3.40 £ 0.27¢ 156 +£0.12 2.52 +0.144
¥ PM 1.70 £ 0.262 4.40 £ 0.2230 1.51+£0.092 2.76 +0.130bcd
PM + 0.5 mg/l IAA 1.80 £ 0.202 4.30 £0.33® 1.81+0.192 3.42 £0.1720
PM + 1.0 mg/l IAA 1.80 £ 0.252 4.50 £0.2730 1.79+0.122 3.12 £ 0.16%
% PM + 0.5 mg/l IAA 1.71 £ 0.262 5.40 £ 0.312 1.51+0.132 4.32+0.152

*Mean scored from 10 replicates for each treatment. Mean value within a column followed by the same
letters were not significantly different at p = 0.05.

For induction of stout root system ¥2PM medium supplemented with 0.5 mg/l IAA
proved to be most effective for both SBs and PLBs derived plantlets (Tables 2, 3). The
roots induced in 1.0 mg/l IAA were very thin, long and fragile and prone to damage
during ex vitro transfer. Full-strength PM medium fortified with 0.5 or 1.0 mg/l IAA
produced a few stunted roots per explant. Roots developed in PLBs originated plantlets
were stronger and healthier than those developed in SBs. The survival rate also varied
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depending on the origin of the plantlets. The SBs originated plantlets showed 92%, while
PLBs originated one showed 97% survival. Induction of healthy root system in in vitro
plantlets is very important for their survival in outside environment. Hossain et al. (2009,
2013) reported that deficiency of nutrition ions in the culture medium could enhance root
induction in some orchid species, most probably to explore nutrient ions and water from
the medium. Root development is an innate nature of plants which is controlled by
endogenous level of hormones. In in vitro conditions, addition of exogenous hormone
(auxins) to the medium enhances rooting response (Hossain et al. 2013). The present
study suggested that combined effects of nutritional deprivation and IAA enhanced the
development of stout root system in C. aloifolium.

Although extensive work has been initiated on micropropagation of many orchids
yet dual phase culture of protocorms for micropropagation of orchids is limited which
has several advantages. This is an efficient, reliable and reproducible protocol ever since
reported for Cymbidium aloifolium. This protocol can be extended to other rare,
endangered and economically important orchids for mass propagation and conservation.
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