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ABSTRACT

Dendrobium officinale is a medicinal herb in many countries. It produces various
phytochemicals, particularly polysaccharides, which have nutraceutical and pharmaceutical values. In
this study, diploid stems of in-vitro plantlets derived from Dendrobium officinale ‘Hu’ x Dendrobium
officinale ‘Guanghua’ and Dendrobium officinale ‘Guanghua’ x Dendrobium nobile ‘Beijing’ were
used for autopolyploid and allopolyploid induction. Autopolyploid and allopolyploid were induced by
colchicine treatment with 0.1 mg.L™ for 4 and 5 days, respectively. The diploid and induced tetraploid
were strongly confirmed by the consistency of results from flow cytometer analysis and counted
chromosomes. The tetraploid plants had thicker and shorter stem and root than the diploid plants.
Among nine studied genes, namely: CSLA2-1, CSLA3-1, g1gc3-1, GMP1-3, GMPP, iPGM1-2, Man2-
2, PGM1 and PMM2-1, six and seven of these were significantly up-regulated in autopolyploid and
allopolyploid, respectively. In autopolyploid, the CSLA2-1, g1gc3-1, GMP1-3, GMPP, iPGM1-2 and
Man2-2 genes might increase the polysaccharide content in tetraploid while these genes were CSLA2-
1, CSLA3-1, GMP1-3, GMPP, iPGM1-2, Man2-2 and PGML1 in tetraploid of allopolyploid. The results
from this study might provide valuable information for orchid breeding program to increase biomass
production and polysaccharides content in Dendrobium officinale
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INTRODUCTION

The genus Dendrobium, one of the largest genera in the family Orchidaceae, are distributed
mainly in tropical and subtropical Asia, eastern Australia (Wood 2006) and south, east and southeast
Asia, including China, Japan, India, Philippines, Indonesia and Vietnam. The Dendrobium orchids are
one of the most well-known orchids in global horticultural trade due to their beautiful flowers and ideal
characteristics as houseplants (Teixeira da Silva et al. 2016). Moreover, many species in this genus have
been extensively used as traditional herbal medicine in many Asian countries for hundreds of years
(Bao et al. 2001) because of its bio-compounds, particularly polysaccharides that confer medicinal
importance including antitumor activity (Lu et al. 2014), immunomodulating activity (Xie et al. 2016),
antidiabetic activity (Hou et al. 2016), neuroprotective activity (Yang et al. 2015), hepatoprotective
activity (Yang et al. 2007), anti-inflammatory activity (Hwang et al. 2010), antioxidant activity (Luo et
al. 2016) and antifungal activity (Sattayasai et al. 2009). The Dendrobium officinale Kimura et Migo
is a rare and endangered species in some countries (Li et al. 2008b). Because D. officinale has high
medicinal and ornamental values, it has often been adulterated with other Dendrobium species in the
market (Xu et al. 2012).
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Polyploid plants, depending on their genomic origin, can be divided into autopolyploid
(species that have genomes derived from a single ancestral species) and allopolyploids (species derived
from the hybridization of two different genomes followed by genomic multiplication). Polyploid
induction in Dendrobium was first reported by using colchicine treatment in 1961 (Nakasone and Hy
1961). Somatic doubling is associated with mitotic events such as endomitosis or endoreduplication,
which may occur either in a zygote cell or in apical meristematic tissues, giving rise to mixoploids or
even completely polyploid organisms. Despite being constantly used to attain artificial polyploids,
somatic doubling is supposed to have a minor role in the origin of natural polyploid organism (Ramsey
et al. 2014). Since then, autopolyploids of medicinal Dendrobium species, including Dendrobium
phalaenopsis (Liu et al., 2023; Chaicharoen 1981), Dendrobium cariniferum (Zhang and Gao, 2021),
Dendrobium devonianum (Han et al. 2005), Dendrobium secundum (Atichart and Bunnag, 2007),
Dendrobium scabrilingue (Sarathum et al. 2010), Dendrobium officinale (Yang 2013), Dendrobium
chrysotosum (Atichart 2013), Dendrobium formosum (Yenchon et al. 2014), Dendrobium nobile
(Vichiato et al. 2014), Dendrobium draconis (Bunnag and Hongthongkham 2015) and Dendrobium
ochreatum (Wang et al. 2017), have been successfully induced by the use of colchicine treatment.
Polyploid of Dendrobium phalaenopsis x Dendrobium loddigesii were developed using colchicine and
APM treatment (Grosso et al. 2018)

Genetic identification is necessary and helpful for further utilizing and controlling the quality
of Dendrobium resources. In recent years, the development and application of molecular markers have
increased rapidly and these showed potential value in identification of Dendrobium species in particular,
as well as other herbs in general (Li et al. 2017). Moreover, the PCR and electrophoresis based
molecular markers, such as AFLP, TRAP, RAPD, DAMD, ISSR and SCoT, had also been employed
for identification of Dendrobium (Feng et al. 2015). More and more molecular markers closely linked
to medicinal and ornamental traits have been studied and developed. These would be necessary for
further commercial application of Dendrobium. However, to the best of our knowledge there are no
reports on allopolyploid induction in Dendrobium officinale. Therefore, in this study, real-time PCR
was used in the identification of the expressed genes related to polysaccharides in induced autopolyploid
of Dendrobium officinale as well as in allopolyploid generated from Dendrobium officinale and
Dendrobium nobile. Both Dendrobium are valuable in the traditional medicinal plant system in Asia.
Moreover, their different phenotypes and uses may create the potential hybrid progeny.

This study sought to evaluate the effects of colchicine on autopolyploid and allopolyploid
induction of Dendrobium officinale, examine the morphological changes after chromosomes doubling
in autopolyploid and allopolyploid seedlings and assess the expression of polysaccharides genes related
in autopolyploid and allopolyploid.

MATERIAL AND METHODS

Plant materials. Diploid stems of in-vitro plantlets derived from Dendrobium: Dendrobium officinale
‘Hu’ x Dendrobium officinale ‘Guanghua’ called DO.201-3 D1 and Dendrobium officinale ‘Guanghua’
x Dendrobium nobile ‘Beijing’ called DON 200-7 D1 were used for polyploidy induction.

Protocorm like bodies (PLBs) induction. The 4-5 c¢cm stems of in vitro seedlings of hybrids
Dendrobium were used for PLBs induction. The stems were decontaminated sequentially with 70%
ethanol for 1 min, and thoroughly rinsed with sterilized distilled water for 30s, then cut into segments
of about 0.4-0.5 cm in length and inoculated on Y2 MS medium supplemented with 0.5 mg-L" 6-
benzyladenine (6-BA), 20% coconut water (CW), 30 g-L"* sucrose, 7 g-L ™ agar and 0.1 g-L* activated
carbon (AC). The pH of the media was adjusted to 5.8 before autoclaving. The materials were cultured
under dark conditions for one month.
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PLB proliferation. PLBs were formed after a month culture. PLBs were cut off from stem segments
and then inoculated on %2 MS medium supplemented with 0.5 mg.L? 6-BA, 20% CW, 0.1 g.L"? AC, 30
g.Lsucrose and 7.5 g.L* agar and incubated at 25+2°C under dark conditions. The proliferation of
PLBs were repeated 2-3 times on the same medium until enough PLBs applied to colchicine treatments.

Colchicine treatment. PLBs of 3-4 mm in size were used as explants for polyploid induction. One g
of fresh PLBs (60 PLBs) was used for each colchicine treatment and transferred to 100 ml flasks
containing ¥ MS medium supplemented 1.0 mg-L™* 6-BA, 0.1 mg-L* a-NAA, pH=5.8, without agar
and incubated on a rotatory shaker at 120 rpm under dark conditions at 25+2°C for 3, 4, 5, 6 and 7 days
(d). The different colchicine treatments were 0.00, 0.05, 0.1 and 0.15 mg-L* (v/v). Each treatment was
repeated three times

The PLBs were then transferred to full strength MS medium (pH=5.8), supplemented with 0.5
mg.L1 6-BA, 0.2 mg.L? a-NAA, 0.2 g.Lt AC, and incubated under a 16/8 hours (light/dark) with light
intensity of 35 pmol m2s? provided by 36W cool-white fluorescent tubes (Ople, China) at 25+2°C.
The survival of PLBs was recorded after two-month incubation. Polyploid induction was recorded after
six months. The survival rate of PLBs and the polyploid induction were calculated using the formulas:

. Number of PLBs that survived
Survival rate of PLBs= x100

Total number of PLBs

o ] Number of polyploid inductions
Polyploid induction rate = x 100

Total number of PLBs

Flow cytometer analysis. This was carried out using leaf tissues (about 0.5 cm?) of six-month seedlings.
The fresh leaves were cut finely with a sharp razor blade in a glass Petri dish where 0.4 mL of Partec
HR-A solution and 1.6 mL Partec HR-B solution were added, then the suspension was filtered through
a 30 um Partec Celltrics® filter. After about 4-5 min under dark conditions, the ploidy was detected by
Partec CyFlow® Ploidy Analyse (Partec, Minster, Germany).

Determination of chromosome number. Root tips of seedlings which was confirmed as diploid and
tetraploid were cut about 1 cm in long. Root tips were treated with 2 mM 8-hydroxyquinoline for 6
hours (h) at 17°C in dark. After being washed with distilled water, the root tips were transferred to fresh
Carnoy’s solution (ethanol: acetic acid, 3:1(v/v)) and stored at 4°C for at least 24 h. After being washed
with distilled water twice, the root tips were immersed in 1 M HCI for 8 min at 65°C, followed by
staining with 1% (v/v) aceto-orcein. The dyed root tips were excised 1-2 mm long and squashed on a
glass slide with a drop of 45 % (v/v) acetic acid. The slide was immediately observed and photographed
under an Olympus light microscope (LX71, Olympus Corporation, Tokyo, Japan) at 100x magnification
with immersion oil. Chromosome numbers were confirmed by counting three squashes per slide for
each treatment.

Morphological examination. The morphological traits of a total of 90 six-month-old plantlets of each
sample including three replications and 30 plantlets/each replicate were investigated. The height and
stem diameter, length and width of leaf and length and diameter of root were measured by using a
vernier caliper. The fresh weight of whole plantlet was measured by an analytical balance. The number
of leaf and root per plantlet were recorded.

Stomata traits. The stomata dimension and density were measured according to the method of
Stoddard (1965). A drop of clear nail polish was applied to the abaxial surface of the third leaf from the
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meristem per plantlet. After drying, a piece of Scotch 3M Transparent Tape (Scotch 3M; St. Paul, MN)
was set on the top of dried nail polish. The polish with imprint affixed to the tape was peeled off and
mounted on the microscope slides for observation. Stomata was viewed using a model compound
biological microscope, and displayed the images on a computer via the microscope’s built-in camera
(Moticam2306, 3.0 M Pixel USB 2.0) with Motic Images Advanced 3.2 software. Digital images of the
leaf and stomata imprints were viewed at 100x magnification (for counting stomata) and 400x (for
measuring the length and width of stomata), and saved as digital tagged image file (.tif) with 1024 x
768 pixel resolution for the later analysis. The images of the leaf imprint were analyzed and the stomatal
lengths were measured by the Image J.2 software. Fifteen images per sample were observed.

Quantitative real-time RT-PCR (gRT-PCR) validation. Total RNA from different samples were
extracted from 6-month-old seedlings that used for morphological analysis using an OmniPlant RNA
Kit (Cwbio, China) and FastKing RT Kit (Tiangen, China) according to the manufacturer’s instructions.
The mRNAs were fragmented into small fragmented using divalent cautions under high temperature.
The final cDNA library was produced using mRNA-seq sample preparation kit (FastKing RT Kit,
Tiangen Biotech Beijing Co.,LTD, China). The primers sequences were designed by Primer 5.0. Basing
on the results of transcriptome in D. officinale (P101SC17122636-01-B1-16 supported by Novogene
Co., LTD, Beijing, China) and unigene database for polysaccharides, and synthesized by Sangon
Biotech (Shanghai) Co., Ltd.

For gRT-PCR validation, nine keys genes and their isoforms related to expression of
polysaccharide were selected. The expressions of studied genes CSLA2-1, CSLA3-1, g1gc3-1, GMP1-
3, GMPP, iPGM1-2, Man2-2, PGM1 and PMM2-1 were normalized against Actin and calculated by the
(2722 method (Livak and Schmittgen 2001). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
was used as a reference gene for each sample (Pham et al. 2024). The procedure of gRT-PCR was
described as follow: 2 pL of a 2/10 dilution of cDNA in dd H,O was added to 7 pL Mix 10 (Sangon
Biotech (Shanghai) Co., Ltd.) and primer 1 pL total is 10 pL for each sample. The PCR conditions
were 95°C for 10 min, 40 cycle of 95°C for 15 s and 60°C for 60s. A histogram was constructed using
the average values to visualize the expression levels in different samples. Differences between values
were calculated using one-way ANOVA with Student’s t-test at P<0.05 in Excel 2016 with ‘Analysis
ToolPak’ add-in program. All expression analysis was performed for three biological repeats and
figures show average values of three repeats.

Statistical analysis. Data were evaluated by statistical program SPSS 22.0 (IBM Corporation, Somers,
NY). Comparison among treatment means was examined by Duncan’s multiple range test (DMRT) at
5 % significance level.

RESULTS AND DISCUSSION

Survival and polyploid induction rate of D. officinale. The significantly highest PLB survival of
autopolyploid was 84.00% in MS medium without colchicine (Table 1). At 0.05 mg.L™ colchicine, the
rates decreased from 83.33% to 39.17% at 3 days (d) to 7d, respectively. At 0.1 mg.L™* of colchicine
treatment, the rates decreased from 76.67% to 30.67% at 3d to 7d, respectively. At the highest colchicine
treatment (0.15 mg.LY), the PLB survival rate decreased from 68.33% to 17.33% at 3d to 7d,
respectively. Lower survival rates of PLBs were observed at higher colchicine concentration and longer
duration time.

A similar tendency was observed with allopolyploid. The significantly highest PLB survival
of allopolyploid was 90.37% without colchicine treatment. At 0.05 mg.L colchicine, the rates
decreased from 90.00% to 39.17 % for 3d to 7d, respectively. At 0.1 mg.L™? of colchicine, these
decreased from 76.67% to 30.67% at 3d to 7d, respectively. At 0.15 mg.L"* of colchicine concentration,
these decreased from 68.33% to 17.33% at 3d to 7d, respectively.
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Autopolyploid was not induced by 0.05 mg.L* colchicine while allopolyploids were obtained
with 7.50%, 10.00% and 10.06% at 5d, 6d and 7d, respectively (Tablel). Both autopolyploid and
allopolyploid were induced at 0.1 mg.L™* and 0.15 mg.L™ colchicine. The highest of autopolyploid
induction efficiency was 46.67% after 5d at 0.1 mg.L™ colchicine and 50.00% after 4d at 0.1 mg.L™*
colchicine for allopolyploid. The autopolyploid seedling - DO.201-3.T1 and allopolyploid seedling
DON.200-7.D1 were induced from PLB diploid DO.201-3.D1 and DON.200-7.D1 at 0.1mg.L"
colchicine after 5d and 4d, respectively.

Table 1. Effects of colchicine treatment on PLB survival and tetraploid induction of D. officinale.

Autopolyploid PLB

Colchicine Time of colchicine Survival Polyploid induction
concentration (mg.L?) treatment (day) rate (%) rate (%)

Control 84.00£3.39 a 0.00£0.00 f
3 83.33#5.27 a 0.00+0.00 f

4 82.8316.47 a 0.00£0.00 f

0.05 5 68.33+4.08 abc 0.00+0.00 f

6 60.00+6.89 bc 0.00+0.00 f

7 39.174£7.17 de 0.00£0.00 f

3 76.67+4.08 ab 20.00+2.04 cde

4 72.38+3.49 abc 33.33+2.61 b

0.1 5 60.00£7.17 bc 46.67+3.33 a

6 52.50+6.89 cd 18.00+4.64 cde

7 30.67+10.87 ef 14.00+6.36 de

3 68.33+1.67 abc 10.00+4.08 ef

4 53.334+9.35 cd 21.67+2.04 cd

0.15 5 53.33+6.24 cd 26.67+4.08 bc

6 36.00+4.85 de 10.00+6.12 ef

7 17.33+5.31 f 3.33+3.33 f

Allopolyploid PLB

Colchicine Time of colchicine Survival Polyploid induction
concentration (mg.L™?) treatment (day) rate (%) rate (%)

Control 90.37+1.84 a 0.00+0.00 f

3 90.00+6.12 a 0.00+0.00 f

4 78.33+2.04 abc 0.00+0.00 f

0.05 5 67.50+3.06 cd 7.50+3.06 ef

6 57.50+5.00 de 10.00+6.12 def

7 30.00+3.06 gh 10.06+6.13 def
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Colchicine Time of colchicine Survival Polyploid induction
concentration (mg.L ™) treatment (day) rate (%) rate (%)
3 85.00+£4.67 ab 30.00£3.06 b

4 60.00+6.12 de 55.00+3.06 a

0.1 5 60.00+4.67 de 27.50£2.50 b

6 40.00£6.12 fg 15.00+2.50 cde

7 17.50£3.06 hi 5.00+5.00 ef

3 76.67+4.08 bc 20.00+2.04 bcd

4 56.67+4.08 de 28.33+£5.00 b

0.15 5 50.00£3.95 ef 25.00+0.00 bc

6 30.00£3.06 gh 20.00+3.06 bcd

7 7.50+£5.00 i 0.00+0.00 f

Different letters in the same column indicate significant differences based on Duncan’s Multiple Range Test
(DMRT) at 5% level. Survival rate observed after two-month incubation and polyploid induction rate observed
after six-month induction

The average PLB survival rate of autopolyploid and allopolyploid after 2-month culture were
56.95% and 53.78%, respectively. The average rate of polyploid induction after 6-month culture were
13,58% for autopolyploid and 16.59% for allopolyploid (Fig. 1). The result of our study showed that,
survival rate of PLB depended on both colchicine concentration and time duration. At low colchicine
concentration and longer time duration, the survival rate was lower than high colchicine concentration
and shorter time duration (Table 1). This tendency was consistent with the results of a previous study
where protocorm induction was observed in Dendrobium officinale (Liu et al. 2023)

80.00
70.00 56.95 53.78 m Autopolyploid
60.00 m Allopolyploid
50.00
40.00
30.00
20.00
10.00

0.00

13.58 16.59

Percentage

Survival rate Polyploid induction
Samples

Figure 1. Survival rate of autopolyploid and allopolyploid in D. officinale.

Undifferentiated embryonic cells such as protocorms and PLBs are the best plant materials to
use for polyploid induction in orchids (Griesbach 1981; Wimber and Van Cott 1966). One method to
induce polyploid is use of chemical compounds to inhibit mitosis. The chemical compound must be in
direct contact or close to meristematic tissue. Explants must be exposed to chemicals at levels high
enough to saturate plant tissue and induce polyploidy without redoubling of epidermal tissue before
reaching the meristem (Kermani et al. 2003). Other studies evaluated the effect of colchicine treatments
on polyploid induction of plants, orchids and Dendrobium genus, such as Dendrobium officinale with
0.2% colchicine for 48 h (Liu et al. 2023), Dendrobium cariniferum Rchb. f. with 0.05% colchicine for
24 h (Zhang and Gao, 2021), Dendrobium scabrilingue with 0.075% colchicine for 336h (Sarathum et
al. 2010), Dendrobium devonianum with 0.030% colchicine for 24 h (Li et al. 2008a), Dendrobium
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officinale with 0.010% colchicine for 150-300 h (Chen et al. 2008) and Phalaenopsis 0.005% colchicine
(Griesbach 1981). But allopolyploid induction from colchicine treatments in Dendrobium genus has not
been reported up to now. In our present study, the highest allopolyploid induction was 55.00% using
0.1 mg.L*colchicine for 4d, while the latest study on autopolyploid induction of Dendrobium officinale
showed the tetraploid induction was 10% using 0.2% colchicine for 48 h (Liu et al. 2023).

Polyploid confirmation. Flow cytometer analysis indicated that diploid seedlings of DO.201-3 D1
showed a large peak of diploid nuclei at 50, and a small peak of tetraploid nuclei at 100 as determined
by analysis of standards which known ploidy level (Fig. 2A); tetraploid of DO.201-3 T1 showed a large
peak shift at 100 and small peak at 200 (Fig. 2C). These results were consistent with the results of
determining the number of chromosomes in autopolyploid, chromosome counting in root-tips of diploid
in all four samples as DO.201-3 D1 was 38 (Fig. 2B) and it was 76 in tetraploid DO.201-3 T1 (Fig. 2
D). Similar results were observed in diploid DON.200-7 D1 and tetraploid DON.200-7 T1. The large
and small peaks were at 60 and 120 for diploid DON.200-7 D, respectively (Fig. 2E); and at 120 and
240 for tetraploid DON.200-7 T1 respectively (Fig. 2G). Once again, the results of flow cytometer
analysis were consistent with the microscope counts in allopolyploid, these were 38 and 76 for
DON.200-7 D1 and DON.200-7 T1, respectively (Fig. 2F-H). These results confirm that the polyploids
were generated by colchicine treatment.

AT T 2 E :F
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C '«:_B G H
Autopolyploi Allopolyploid

Figure 2. Relative DNA content and chromosome number of diploid and tetraploid in autopolyploid
and allopolyploid of D.officinale.

A- DNA content of diploid DO.201-3 D1, B- chromosomes of diploid DO.201-3 D1, C- DNA content of tetraploid
DO0.201-3 T1, D- chromosomes of DO.201-3 T1, E- DNA content of diploid DON.200-7 D1, F- chromosomes of
diploid DON.200-7 D1, G- DNA content of tetraploid DON.200-7 T1 and H- chromosome of DON.200-7 T1.

Morphological changes. The morphology of both autopolyploid and allopolyploid PLBs was
obviously changed after chromosome doubling, where significant differences were observed between
diploid, autopolyploid and allopolyploid seedlings in stem height, stem diameter, number of root, root
length and fresh weight (Table 2). Diploid seedlings were taller than autopolyploid and allopolyploid
seedlings, while stem diameter in tetraploid seedlings of autopolyploid and allopolyploid were thicker
than diploid seedlings. Root length of diploid seedlings were longer than tetraploid in autopolyploid
and allopolyploid seedlings, while diameter of root in tetraploid seedlings were thicker than diploid
seedlings.

For autopolyploid, diploid-DO.201-3 D1 showed significantly higher values in stem height
and root length (5.52 and 5.94, respectively) in comparison to tetraploid-D0.201-3 T1 (3.12 and 2.16,
respectively). In contrast, tetraploid-DO.201-3 T1 showed significantly higher stem diameter and
number of roots (0.43 and 0.20, respectively) in comparison to diploid-D0O.201-3 D1 (0.28 and 0.14,
respectively) (Table 2).

For allopolyploid seedlings, diploid-DON.200-7 D1 showed significantly higher values of
stem height, number of roots and root length (6.42, 5.80 and 2.99, respectively) when compared to
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tetraploid- DON.200-7 T1(3.60, 3.20 and 1.21, respectively) while the tetraploid- DON.200-7 T1
showed significantly higher values in stem diameter and roots (0.62 and 0.18, respectively) in
comparison with diploid- DON.200-7 D1 (0.46 and 0.08, respectively). Seedlings of tetraploid of
autopolyploid and allopolyploid had shorter and thicker stems and roots than diploid seedlings (Table
2).

Table 2. Characteristic changes in morphology and stomata of autopolyploid and allopolyploid in

D.officinale

Traits Autopolyploid Allopolyploid
Stem height (cm) 5.52+0.67 a 3.12+0.44 b 6.42+0.12 a 3.60+0.22 b
Stem diameter (cm) 0.28+0.01 ¢ 0.43£0.06 b 0.46+0.07 b 0.62+0.03 a
Number of leaves 6.20+0.80 a 4.80£0.66 a 5.20+0.37 a 5.80+0.73 a
Number of roots 5.20+0.58 a 4.80+0.58 ab 5.80+0.58 a 3.20£0.49 b
Root length (cm) 5.94+0.78 a 2.16+0.22 bc 2.99+0.25 b 1.21+0.22 ¢
Root diameter (cm) 0.14+0.01 b 0.20+0.01 a 0.08+0.01c 0.18+0.01 a
Fresh weight (@) 0.88+0.24 bc 0.74+0.11 c 1.54+0.27 a 1.39+0.10 ab
Number of stomata* 46.00+2.30 a 23.00+1.30 ¢ 33.40+0.75 b 23.20+1.07 ¢
Length of stomata
(um) 30.38+0.45d 34.18+0.32 ¢ 35.55+0.46 b  49.60+0.48 a
Width of stomata
(um) 15.56+0.53 b 15.90+0.25 b 15.36+0.89 b 24.57+1.45 a
Area of stomatal pore
(um? 1208.14+24.25¢  1400.37+35.99b  1203.06+19.59c 1795.09+57.53 a

*Total numbers of stomata counted at 100x magnification per one observation. Different letters within the same
row indicate significant difference at 0.05 level according to Duncan’s Multiple Range Test (DMRT).

Our results were very similar to some of the morphological features of some plants, such as
Mitracarpus hirtus L. (Pansuksan et al. 2014) and Centella asiatica (Kaensaksiri et al. 2011).
Chromosome duplication due to polyploidization generally caused the increase of organ size (Osborn
et al. 2003), so tetraploid plants had a significantly higher biomass production (Corréa et al. 2016;
Hannweg et al. 2016).

Stomatal trait changes. The number of stomata cells were measured and presented as stomata density
in each field microscope with (10x and 40x magnification). The diploid showed the significantly higher
value on number of stomata (46.00 for autopolyploid and 33.40 for allopolyploid) than that in tetraploid
(23.00.and 23.20, respectively). However, the tetraploid had bigger stomata area (1400.37 for
autopolyploid and 1795.09 for allopolyploid) than that of tetraploid (1208.14 and 1203.06, respectively)
(Table 2).

Moreover, stomata size increased significantly but stomata density decreased in induced
tetraploid of autopolyploid and allopolyploid plants (Fig. 3) which was in agreement with previous
researches (Jiang et al. 2014; Salma et al. 2018). It has been reported that the number of guard cells per
unit area decreased in accordance with the increased level of polyploidy (De Oliveira et al. 2004). Some
early studies considered the lower frequency of stomata in tetraploids as probably due to the larger
epidermal and guard cells (Gantait et al. 2011) as well as reduced stomata differentiation (Tu et al.
2018).
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Autopolyploid

Figure 3. The six-month-old seedlings and leaves; stomata density (100x) and size (400x%)
of diploid and tetraploid D.officinale
Diploid of DO.201-3 D1, six-month-old seedling (A), leaf (B), stomata density-100x (C), stomata size-400x (D)
Tetraploid of DO.201-3 T1, six-month-old seedling (E), leaf (F), stomata density-100x (G), stomata size-400x
(H) Diploid of DON.200-7 D1, six-month-old seedling (1), leaf (J), stomata density-100x (K), stomata size-
400x% (L)

Quantitative real-time PCR (qRT-PCR) validation. The optical density (OD) and gel
electrophoresis results of all samples revealed the quality of RNA was purified enough for further
experiments as well as the amount of RNA was calculated (Data not shown). The expected size of
cDNA of diploid and tetraploid of autopolyploid and allopolyploid in D. officinale was obtained at
approximately 750bp (Fig. 4). This demonstrated that total RNA extracted from any samples of D.
officinale could meet the requirements of related molecular biological researches.

2000bp

1000bp
750bp
500bp
250bp
100bp

Figure 4. Agarose gel electrophoresis of the RT-PCR tubulin products
A, lane 1 diploid of DO.201-3 D1, lane 2 tetraploid DO.201-3 T1, lane 3 Marker
B, lane 1 diploid of DON.200-7 D1, lane 2 tetraploid DON.200-7 T1, lane 3 Marker
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A total of 9 pairs of primers were selected by using Primer 5.0 soft-wave based on the results
of transcriptome in D. officinale and unigene database. These 9 pairs of primers were subsequently
tested for allele polymorphism, the number of nucleotides (Nu) ranging from 18 to 24 (Table 3).

Table 3. Selected primer pairs

Number
Cluster Oligo Name  Sequence (5’ to 3°) of
Nucleotides
Cluster-29035.194335(-2.8937) 1223-407)  Man2-2F AACTCTGCGAACACCACCG 19
Cluster-29035.194335(-2.8937) 1223-407)  Man2-2R GCAACAGCCCACATCTACCC 20
Cluster-29035.65822(-2.393) (596-524) glgc3-1F TGCGTCGCCTACTGGTCTCTTA 22
Cluster-29035.65822(-2.393) (596-524) glgc3-1R GATACTGTGATGATGGGTGCTGA 23
Cluster-29035.132552 (-3.9378) PGM1F ACGCTTGTTGTTTCTGGG 18
Cluster-29035.132552 (-3.9378) PGM1R AGCACCTGTAGCCTTGGA 18
Cluster-29035.113664 (4.1887) (854-324) iPGM1-2F TGAAACGAGCACCTGGAC 18
Cluster-29035.113664 (4.1887) (854-324) iPGM1-2R  AAGGAATAAATCTGGGAAACC 21
Cluster-29035.194251 (191-946) PMM2-1 F GAGGATGCCAGGGCTTATTGT 21
Cluster-29035.194251 (191-946) PMM2-1R  CCCTCCAACGACACCAACTG 20
Cluster-29035.94132 (896-1868) GMP1-3 F CGATCCAGGCTTCCTTCACT 20
Cluster-29035.94132 (896-1868) GMP1-3R TCCGACGAAACTGAGCAAGAT 21
Cluster-29035.190181 (362-1996) CSLA3-1F TTTCCCTCAAGTAGTGATTCCG 22
Cluster-29035.190181(362-1996) CSLA3-1R CCTTCACTCTCCCTGCCTCTA 21
Cluster-29035.122404 (12-1168) CSLA2-1F TCTCTTCCATTACCACAACACCAT 24
Cluster-29035.122404 (12-1168) CSLA2-1R ATAAAGTTCCACAAATCACACGCT 24
Cluster-29035.108496 GMPP F GCCGTAGGTTCGCACTTT 18
Cluster-29035.108496 GMPP R CAATGATGCTGCTTGAGACA 20

In autopolyploid seedlings, the expression of CSLA2-1, g1gc3-1, GMP1-3, GMPP, iPGM1-2
and Man2-2 were significantly up-regulated from diploid to tetraploid, while the expression of PMM2-
1, CSLA3-1 and PGM1 were significantly down-regulated from diploid DO.201-3 D1 to tetraploid
DO0.201-3 T1. These results revealed that CSLA2-1, g1gc3-1, GMP1-3, GMPP, iPGM1-2 and Man2-2
genes might increase the polysaccharide content in tetraploid seedlings (Fig. 5).

In a similar trend with autopolyploid, the results of allopolyploid indicated that the expression
of CSLA2-1, CSLA3-1, GMP1-3, GMPP, iPGM1-2, Man2-2 and PGM1 genes of DON.200-7 T1
tetraploid were higher than that of DON.200-7 D1 diploid. The expression of glgc3-1 gene had no
significant difference between diploid and tetraploid seedlings while that of the PGM2-2 was lower in
tetraploid in comparison to diploid seedlings (Fig. 6).

Research on D. nobile polysaccharides has been of great interest, especially studies on their
content (Wang et al. 2011) composition (Luo et al. 2016; Wang 2010) and pharmacological effects
(zhang et al. 2013). Based on an understanding that D. officinale stems are the principal vessel for
storage of polysaccharides (He et al. 2015), the roots, stems and leaves from six-months old D.
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officinale seedlings were used to determine the relative expression level of some genes related with
polysaccharides by gRT-PCR. In our study, nine genes related to the biosynthesis of polysaccharide as
CSLA 2-1, CSLA 3-1, g1gc3-1, GMP1-3, GMPP, iPGM1-2, Man2-2, PMM2-1 and PGM1 were applied
to determine the relative expression level of polysaccharide in stem of diploid and tetraploid of
autopolyploid and allopolyploid seedlings. In autopolyploid, 6 per 9 genes (CSLA 2-1, g1gc3-1, GMP1-
3, GMPP, iPGM1-2 and Man2-2) exposed high significant of polysaccharide expression from diploid
to tetraploid of D. officinale, while these were 7 per 9 genes (CSLA 2-1, CSLA3-1, GMP1-3, GMPP,
iPGM1-2, Man2-2 and PGM1) in allopolyploid. Previous studies also confirmed some group of genes
regulate polysaccharides in Dendrobium such as SCLA (DoCSLA1 to DoCSLA9) (He et al. 2015) or
PMM, GMPP (Li et al. 2017) or PMM (He et al. 2017), but comparison of polysaccharide genes
expression between diploid with tetraploid of autopolyploid and allopolyploid seedlings is not available
in present literature. This is the most prominent study in this paper.
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Figure 5. Expression levels of nine genes related to the polysaccharide process in autopolyploid. The
expression of nine selected polysaccharide-related genes were validated with diploid and tetraploid of
D0.201-3. Each bar shows the mean £SD (n=3) of three biological repeats. The significant changes
(P<0.05) in expression levels of studied gene between diploid and tetraploid were indicated by (*)
significantly down-regulated from diploid to tetraploid and (**) significantly up-regulated from diploid
to tetraploid.
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Figure 6. Expression levels of nine genes related to the polysaccharide process in allopolyploid. The
expression of nine selected polysaccharide-related genes were validated at diploid and tetraploid of
DON.200-7. Each bar shows the mean £SD (n=3) of three biological repeats. The significant changes
(P<0.05) in expression levels of these gene between diploid and tetraploid were indicated by (*) significantly
down-regulated from diploid to tetraploid and (**) significantly up-regulated from diploid to tetraploid.

CONCLUSION

Colchicine affected the survival rate of PLB and polyploid induction. The higher colchicine
concentration and longer treatment duration led to lower rate of PLB survival. The highest
autopolyploid and allopolyploid induced by colchicine treatment used 0.1 mg.L? for 4 and 5 days,
respectively. The seedlings of tetraploid of both autopolyploid and allopolyploid had shorter and thicker
stem and root than diploid. This led to lighter fresh weight in diploid of both autopolyploid and
allopolyploid. The diploid showed the significantly higher value on number of stomata than tetraploid.
But the tetraploid had higher value of area of stomata pore than diploid. Among the studied genes, both
the up-regulated and down-regulated from diploid to tetraploid were expressed significantly. In
autopolyploid the CSLA2-1, g1gc3-1, GMP1-3, GMPP, iPGM1-2 and Man2-2 genes might increase the
polysaccharide content in tetraploid while in allopolyploid these were CSLA2-1, CSLA3-1, GMP1-3,
GMPP, iPGM1-2, Man2-2 and PGML1. The results of this study might provide vital information for
further studies related to breeding for high biomass production and polysaccharide content for medicinal
as well as ornamental value of Dendrobium officinale.

202



J. ISSAAS Vol. 30, No. 1:191- 206 (2024)

ACKNOWLEDGEMENT

This work was supported by the Key Science and Technology Program of Guangzhou Municipal
Science and Technology Bureau (2023B03J1376), China and Institute of Medicinal Plant Research and
Development, Vietnam National University of Agriculture, Hanoi, Vietnam.

REFERENCES CITED

Atichart, P. 2013. Polyploid induction by colchicine treatments and plant regeneration of Dendrobium
chrysotoxum. Thai. J. Agric. Sci, 2013, 46 (1):59-63.

Atichart, P. and S. Bunnag. 2007. Polyploid induction in Dendrobium secundum (bl.) Lindl. By in vitro
techniques. Thai J Agric Sci, 2007, 40 (1-2):91-95.

Bao, X.S., Q.S. Shun, and L.Z. Chen. 2001. The medicinal plants of Dendrobium (Shi-Hu) in Chian, a
coloured atlas. Fudan University Press, Shanghai. (in Chinese).

Bunnag, S. and J. Hongthongkham. 2015. Polyploid induction of Dendrobium draconis Rchb. f.
In XXV International EUCARPIA Symposium Section Ornamentals: Crossing Borders
1087 (pp. 445-451).

Chaicharoen, S. 1981. Autopolyploidy in Dendrobium phalaenopsis. J Sci Soc Thailand, (7):25-32.

Chen, L., L. Xiulan, C. Chen, W. Song, and R. Chen. 2008. Method for breeding tetraploid Dendrobium
officinale. Faming Zhuanli Shenging Gongkai Shuomingshu. CODEN: CNXXEV
CN101124888 A 20080220 (In Chinese; Abstract in English).

Corréa, J.P.O., C.E. Vital, M.V.M. Pinheiro, D.S. Batista, C.W. Saldanha, A.C.F. da Cruz, M.M. Notini,
D.M.S. Freitas, F.M. DaMatta and W.C. Otoni. 2016. Induced polyploidization increases 20-
hydroxyecdysone content, in vitro photoautotrophic growth, and ex vitro biomass
accumulation in Pfaffia glomerata (Spreng.) Pedersen. In Vitro Cellular and Developmental
Biology Plant. 52:45-55.

De Oliveira, V.M., E.R. Forni-Martins, P.M. Magalhées, and M.N. Alves. 2004. Chromosomal and
morphological studies of diploid and polyploid cytotypes of Stevia rebaudiana (Bertoni)
Bertoni (Eupatorieae, Asteraceae). Genet. Molec. Biol. 27:215-222.

Feng, S., Y. Jiang, S. Wang, M. Jiang, Z. Chen, Q. Ying, and H. Wang. 2015. Molecular identification
of Dendrobium species (Orchidaceae) based on the DNA barcode ITS2 region and its
application for phylogenetic study. Int J Mol Sci 16:21975-21988

Gantait, S., N. Mandal, S. Bhattacharyya, and P.K. Das. 2011. Induction and identification of tetraploids
using in vitro colchicine treatment of Gerbera jamesonii Bolus cv Sciella. Plant Cell Tissue
Organ Cult. 106:485-493.

Griesbach, R.J. 1981. Colchicine-induced polypoloidy in Phalaenopsis orchids. Plant Cell Tissue Organ
Cult. 1, 103-107.

Grosso, V., A. Farina, D. Giorgi, L. Nardi, G. Diretto, and S. Lucretti. 2018. A high-throughput flow
cytometry system for early screening of in vitro made polyploids in Dendrobium hybrids. Plant
Cell, Tissue and Organ Culture (PCTOC), 132(1), pp.57-70.

Han, L. and S. Zheng. 2005. Induction of polyploid of Dendrobium devonianum. Acta Botanica
Yunnanica. 27(05): 552-556.

203



Morphological variation and polysaccharides biosynthesis gene .....

Hannweg, K., G. Visser, A. Sippel, and 1. Bertling. 2016. Micropropagation and in vitro
polyploidisation of Siphonochilus aethiopicus (wild ginger) and its effect on selected
horticultural characteristics. Acta Horticulturae. doi: 10.17660/ActaHortic.2016.1113.26.

He, C., A Jaime, T.D. Silva, J. Tan, J. Zhang, X. Pan, M. Li, J. Luo, and J. Duan. 2017. A genome-wide
identification of the WRKY family genes and a survey of potential WRKY target genes in
Dendrobium officinale. Scientific Reports. 7(1):9200

He, C., J. Zhang, X. Liu, S. Zeng, K. Wu, Z. Yu, X. Wang, J.A.Teixeira da Silva, Z. Lin, and J. Duan.
2015. Identification of genes involved in biosynthesis of mannan polysaccharides in
Dendrobium officinale by RNA-seq analysis. Plant Molecular Biology. 3(88):219-231

Hou, S. Z,, C. Y. Liang, H. Z. Liu, D. M. Zhu, Y. Y. Wu, J. Liang, Y. Zhao, J. R. Guo, S. Huang, and
X. P. Lai. 2016. Dendrobium officinale prevents early complications in streptozotocin-induced
diabetic rats. Evidence-based Complementary and Alternative Medicine. 2016(2):1-10.

Hwang, J. S., S. A. Lee, S. S. Hong, X. H. Han, C. Lee, S. J. Kang, D. Lee, Y. Kim, J. T. Hong, M. K.
Lee, and B. Y. Hwang. 2010. Phenanthrenes from Dendrobium nobile and their inhibition of
the LPS-induced production of nitric oxide in macrophage RAW 264.7 cells. Bioorganic &
Medicinal Chemistry Letters. 20(12): 3785-3787.

Jiang, J.L., W. Ye, Y.Q. Li, JJ. Zhou, F.G. Lei, and D.Z. Wei. 2014: Growth and polysaccharides
accumulation in autotetraploid Dendrobium officinale. Plant Physiology Journal. 50:519-526.

Kaensaksiri, T., P. Soontornchainaksaeng, N. Soonthorncharaonnon, and S. Prathanturarug. 2011. In
vitro induction of polyploidy in Centella asiatica (L.) Urban. Plant Cell Tiss Organ. 107: 187-
194. doi: 10.1007/sl 1240-011-9969-8.

Kermani, M.J., V. Sarasan, A.V. Roberts, K. Yokoya, J. Wentworth, and V.K. Sieber. 2003. Oryzalin-
induced chromosome doubling in Rosa and its effect on plant morphology and pollen viability.
Theor. Appl. Genet. 107, 1195-1200.

Li, Q., G. Ding, B. Li and S. X. Guo. 2017. Transcriptome analysis of genes involved in dendrobine
biosynthesis in Dendrobium nobile Lindl. infected with mycorrhizal fungus mf23 (Mycena
sp.). Scientific Reports. 7(1):316

Li, X., L. Chen, C. Chen, W. Song, and R. Chen. 2008a. Method for breeding tetraploid Dendrobium
candidum new variety by using protocorm-like body. Faming Zhuanli Shenging Gongkai
Shuomingshu. CODEN: CNXXEV CN101124889 A 20080220 (In Chinese; Abstract in
English).

Li, X., X. Ding, B. Chu, Q. Zhou, G. Ding, and S. Gu. 2008b. Genetic diversity analysis and
conservation of the endangered Chinese endemic herb Dendrobium officinale Kimura et Migo
(Orchidaceae) based on AFLP. Genetica. 133:159-66.

Liu, Y. Duan, S.D. Jia, Y. Hao, L.H. Xiang, D.Y. Chen, D.F. and S.C. Niu. 2023. Polyploid induction
and karyotype analysis of Dendrobium officinale. Horticulturae. 9, 329.
https://doi.org/10.3390/ horticulturae9030329

Livak, K. and T. Schmittgen. 2001. Analysis of relative gene expression data using real-time
quantitative PCR and the 2(—delta delta c(t)) method. Methods. 25(4):402-408.

204



J. ISSAAS Vol. 30, No. 1:191- 206 (2024)

Lu, T.L., C. K. Han, Y.S. Chang, T.J. Lu, H.C. Huang, B.Y. Bao, H.Y. Wu, C,.H. Huang, C.Y. Li, and
T.S. Wu. 2014. Denbinobin, a phenanthrene from Dendrobium nobile, impairs prostate cancer
migration by inhibiting racl activity. American Journal of Chinese Medicine, 42(06):1539-
1554,

Luo, Q.L., Z.H. Tang, X.F. Zhang, Y.H Zhong, S.Z. Yao, L.S. Wang, C.W. Lin, and X. Luo. 2016.
Chemical properties and antioxidant activity of a water-soluble polysaccharide from
Dendrobium officinale. International Journal of Biological Macromolecules. 89:219-227

Nakasone, and K.H. Hy.1961. Artificial induction of polyploidy in orchids by the use of colchicine.
Technical Bulletin No 42, Hawaii Agricultural, Experiment Station, University of Hawaii.

Osborn, T. C., J.C. Pires and J.A. Birchler. 2003. Understanding mechanisms of novel gene expression
in polyploids. Trends in Genetics. 19(3):141-147.

Pansuksan, K, R. Sangthong, I. Nakamura, M. Mii, and K. Supaibulwatana. 2014. Tetraploid induction
of Mitracarpus hirtus L. by colchicine and its characterization including antibacterial activity.
Plant Cell Tiss Organ Cult. 117: 381-391.

Pham, P.L.; T.T.C. Le, T.T.H. Vu, T.T. Nguyen, Z.-S. Zhang, R.-Z. Zeng, L. Xie, M.N. Nguyen, V.T.H.
Trang, T.D Xuan, and T.D. Khanh. 2024. Comparative transcriptome analysis and expression
of genes associated with polysaccharide biosynthesis in Dendrobium officinale diploid and
tetraploid plants. Agronomy.14, 69 https://doi.org/10.3390/agronomy14010069

Ramsey, J. and T S. Ramsey. 2014. Ecological studies of polyploidy in the 100 years following its
discovery. Philosophical Transactions of the Royal Society of London. 369(1648):5042-5050.

Salma, U., S. Kundu, A.K. Hazra, M.N. Ali, and N. Mandal. 2018. Augmentation of wedelolactone
through in vitro tetraploid induction in Eclipta alba (L.) Hassk. Plant Cell Tissue Organ Cult.
133:289-298.

Sarathum, S., M. Hegele, S. Tantiviwat and M. Nanakon. 2010. Effect of concentration and duration of
colchicine treatment on polyploidy induction in Dendrobium scabrilingue L. Europ. J. Hort.
Sci. 75, 123-127.

Sattayasai, N., R. Sudmoon, S. and S. Nuchadomrong. 2009. Dendrobium findleyanum agglutinin:
production, localization, anti-fungal activity and gene characterization. Plant Cell Reports.
28(8):1243-1252.

Stoddard, E.M. 1965. Identifying plants by epidermal characters. Conn. Agr. Exp. Stat. Circ. 227.

Teixeira da Silva, X. Jin, J. Dobranszki, J. Lu, H. Wang, G. Zotz, JC. Cardoso, and S. Zeng. 2016.
Advances in Dendrobium molecular research: applications in genetic variation, identification
and breeding. Molecular Phylogenetics and Evolution. 95:196-216.

Tu, H.Y., A.L. Zhang, W. Xiao, Y.R. Lin, J.H. Shi, Y.W. Wu, S.T. Wu, C.H. Zhong, and S.X. Mo.
2018. Induction and identification of tetraploid Hedychium coronarium through thin cell layer
culture. Plant Cell, Tissue and Organ Culture.135:395-406

Vichiato, M.R.D.M., M. Vichiato, M. Pasqual, F.A. Rodrigues, and D.M.D. Castro. 2014:

Morphological effects of induced polyploidy in Dendrobium nobile Lindl.
(Orchidaceae). Crop Breeding and Applied Biotechnology. 14 (3):154-159.

205



Morphological variation and polysaccharides biosynthesis gene .....

Wang, A. H., Q.Q. Wu, I. Yang, H.J. Xu, and Z.I. Chen. 2017. Study on polyploid of Dendrobium
ochreatum induced by colchicine. Journal of Southwest University (Natural Science Edition).
39(1):55-60.

Wang, C.R., TB. Ng, L. Li, J.C. Fang, Y. Jiang, T.Y. Wen, W.T. Qiao, N. Li, F. Liu. 2011. Isolation of
a polysaccharide with antiproliferative, hypoglycemic, antioxidant and HIV-1 reverse
transcriptase inhibitory activities from the fruiting bodies of the abalone mushroom Pleurotus
abalonus. Journal of Pharmacy and Pharmacology. 63(6):825-832

Wang, Q., Q. Gong, Q. Wu, and J. Shi. 2010. Neuroprotective effects of dendrobium alkaloids on rat
cortical neurons injured by oxygen-glucose deprivation and reperfusion. Phytomedicine.
17(2):108-115

Wimber, D. E., and A. Van Cott. 1966. Artificially induced polyploidy in Cymbidiums. In: Proceedings
of the 5th World Orchid Conference. pp. 27-32.

Wood, H.P. 2006: The Dendrobiums. A.R.G. Ganter Verlag, Ruggell/Liechtenstein.

Xie, S. Z.,B. Liu, D. D. Zhang, X. Q. Zha, L. H. Pan, and J. P. Luo. 2016. Intestinal immunomodulating
activity and structural characterization of a new polysaccharide from stems of Dendrobium
officinale. Food and Function. 7(6), 2789-2799.

Xu, H., B. Hou, J. Zhang, M. Tian, Y. Yuan, Z. Niu, and X. Ding. 2012. Detecting adulteration of
Dendrobium officinale by real-time PCR coupled with ARMS. International Journal of Food
Science and Technology. 47(8):1695-1700.

Yang, L. S. S. A. 2013: In vitro induction, identification and physiological characteristics of
autotetraploid Dendrobium officinale. Acta Botanica Boreali-Occidentalia Sinica. 2013, 33
(11):2189-2193.

Yang, L., S. J. Liu, H. R. Luo, J. Cui, J. Zhou, X. J. Wang, J. Sheng, and J. M. Hu. 2015. Two new
dendrocandins  with  neurite  outgrowth-promoting  activity =~ from  Dendrobium
officinale. Journal of Asian Natural Products Research. 17(2):125-131.

Yang, H., S. H. Sung, and Y. C. Kim. 2007. Antifibrotic phenanthrenes of Dendrobium nobile
stems. Journal of Natural Products. 70(12):1925-1929.

Yenchon, S., and S. Te-Chato. 2014. Polyploidy induction of Dendrobium formosum by colchicine
treatment in vitro. Acta Horticulturae. 1025: 81-88.

Zhang, X. and J. Gao. 2021. Colchicine-induced tetraploidy in Dendrobium cariniferum and its effect
on plantlet morphology, anatomy and genome size. Plant Cell, Tissue and Organ Culture
(PCTOC). 144: 409-420

Zhang, J., K. Wu, S. Zeng, J. Silva, X. Zhao, C. Tian, H. Xia, and J. Duan. 2013. Transcriptome analysis

of Cymbidium sinense and its application to the identification of genes associated with floral
development. BMC Genomics. 14(1):279

206



