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Abstract

Isolation of high-quality RNA from Dendrobium flowers is challenging because of the high levels of pigment, polysaccha-
rides, and polyphenols. In the present study, an efficient CTAB method for RNA extraction from the pigment-rich flowers of
Dendrobium was optimised. The optimised method yielded high quantities of RNA (10.1-12.9 ug/g). Spectrophotometric
values of A,qyng0 in the range of 2.2 to 2.4 and A,4»3, values of 2.0 suggested that the isolated RNA was free of polyphe-
nols, polysaccharides, and protein contaminants. RNA integrity numbers determined by microfluidics were in the range of
7.9-8.9 indicative of intact RNA. In the improved method, the addition of 3 M NaCl and 3% PVP-10 in the extraction buffer,
followed by an incubation period of 45 min at 65 °C, eliminated most of the polysaccharides, polyphenolic compounds, and
denatured protein. Extraction with phenol:chloroform:isoamyl alcohol (125:24:1) effectively removed pigments from the
aqueous phase, while the precipitation of RNA with lithium chloride minimised the co-precipitation of protein, DNA, and
polysaccharide and resulted in the extraction of high quality of RNA. The suitability of the RNA for downstream processing
was confirmed via RT-PCR amplification of Chalcone synthase gene from cDNA prepared from RNA isolated from differ-
ent developmental stages of the flower of a Dendrobium hybrid. The present method will be highly useful for the isolation
of RNA from pigment, polyphenol, and polysaccharide-rich plant tissues.
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Introduction

The floriculture industry is an important contributor to
agribusiness with the multiple benefits of meeting the
aesthetic needs of consumers, generating employment
and income and facilitating foreign exchange (Harisha
2017). Flowers are generally traded both as cut flowers
and potted plants and orchids account for around 10% of
the global share in floriculture trade (De et al. 2014). The
average trade value of orchids in 2018 was reported as
US$400 million (https://www.nationthailand.com/break
ingnews/30360623). The high trade value of orchids is
because of the diverse and exotic colours, shapes, year-
round availability, long flowering life as potted plants and
long vase life as cut flowers (De and Medhi 2015). Among
the orchids, Dendrobium species and hybrids are highly
popular both as potted plants (Sarmah et al. 2017) and as
cut flowers (Hinsley et al. 2017). Around 70-80% of the
over 1200 species of Dendrobium are tropical, growing
in diverse habitats throughout Asia, including Malaysia,
China, Japan, India, Philippines, Indonesia, Australia,
New Guinea, Vietnam, several islands of the Pacific and
also in subtropical regions of Africa, and Latin America
(Govaerts 2003).

Despite the wide natural diversity of orchid flowers,
new varieties and especially hybrids with novel colours,
shapes, fragrance, and with long vase life are in high
demand in the floral industry (Lau et al. 2015). To sup-
port this, there is a need to improve knowledge underlying
the molecular genetics of orchid floral development. How-
ever, obtaining high-quality RNA from floral tissues is a
crucial step that can be challenging, especially where the
tissue has a very high flavonoid, pigment, polyphenolic,
and polysaccharide content (Gao et al. 2016). As plant tis-
sues vary in chemical composition, the efficiency of any
RNA isolation method for a particular plant or tissue will
differ, and this requires method testing and optimisation
(Liu et al. 2018). A number of RNA isolation methods
have been standardized including methods for secondary
metabolite-rich tissues (Kiefer et al. 2000), flower of black
gram (Raizada and Jegadeesan 2019), leaf and bark of
coffee (Huded et al. 2018), leaf and stem of Stevia (Leh
et al. 2019), and flower of oil palm (Qadri et al. 2019).
These methods use either CTAB/SDS and sodium acetate
or isopropanol for precipitation of RNA and have also
been found to be effective for the extraction of RNA from
orchids with white flowers (Phalaenopsis aphrodite; Su
et al. 2011), pink (Paeonia suffruticosa; Gao et al. 2016),
or light yellow (Dendrobium huoshanense; Liu et al. 2018)
flowers. However, we found the previously reported pro-
tocols to result in the extraction of low yields of RNA,
contaminated with pigment when applied to flowers of a
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popular commercial Dendrobium hybrid with vibrant pur-
ple flower petals and sepals. For our own research use, and
with an aim to develop an effective RNA isolation method
for pigment-rich floral tissues, we have developed a sim-
ple, economical, and robust RNA isolation method for
pigment-rich floral tissues of Dendrobium hybrids, which
can successfully yield high-quality RNA from flowers rich
in pigment, polysaccharides, and polyphenols.

Materials and methods
Plant material

Flowers from four different Dendrobium hybrids were
used in this study. Mature plants of Dendrobium Burmese
Ruby X Dendrobium Mae-Klong River (magenta flower)
were obtained from Cheah Wah Sang Orchid Farm in
Shah Alam, Selangor, Malaysia. Hybrids Dendrobium
Burana Jade X (Dendrobium Bertha Chong X Dendrobium
Imelda Romualdez) (burgundy flower), Dendrobium Trudy
Brandt X Dendrobium Udom Blue Angel (blue—violet flower)
and Dendrobium Aridang X Dendrobium Burana Sundae
(red—violet flower) were obtained from Lum Chin Orchid
Garden Sdn. Bhd, Kuala Lumpur, Malaysia. The plants
were maintained at the GP-BSL2 greenhouse (Plant Biotech
Facility), University of Malaya, Malaysia under natural light
(12 h photoperiod) at a controlled temperature (25 +2 °C)
and relative humidity (65 +5%). Floral buds of Dendrobium
Burmese Ruby X Dendrobium Mae-Klong River were col-
lected at five different developmental stages according to
Lau et al. (2015) (Stage 1: 0-0.5 cm; Stage 2: 0.51-1.0 cm;
Stage 3: 1.1-2.0 cm; Stage 4: 2.1-3.0 cm; and Stage 5:
3.1-4.0 cm). Mature flowers (stage 6) were collected from
each of the four Dendrobium hybrids (Fig. 1a—d). Floral tis-
sues of Dendrobium hybrids were rapidly washed with tap
water, sterilized with 70% ethanol for 30 s, rinsed thrice with
sterile water, blotted dry, and snap-frozen in liquid nitrogen.
The frozen samples were stored at — 80 °C until further use.

RNA isolation

Five different methods were used in the study including four
previously published methods; Kiefer et al. (2000) (Method
1); Su et al. (2011) (Method 2); Gao et al. (2016) (Method
3) and Liu et al. (2018) (Method 4) and an improved CTAB
method (Supplementary Table S1, Fig. 2). Plasticware and
pipette tips were soaked overnight in 0.01% DEPC-treated
distilled water and autoclaved at 121 °C at 15 psi of pressure
for a period of 45 min. All chemicals used were of molecular
biology grade and the reagents were prepared with 0.01%
DEPC-treated distilled water. The workbench was sprayed
with RNase Destroyer (Favorgen, Taiwan) spray. The gel
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Fig. 1 Flowers of Dendrobium hybrids. a Dendrobium Burmese
ruby X Dendrobium Mae-klong River (bar=1 cm); b Dendrobium
Burana Jade X [Dendrobium Bertha ChongX Dendrobium Imelda

RNA isolation flowchart for improved CTAB method

Grind 500 mg of flower sample and add 12 ml of prewarmed (65 °C for 10 min prior to
use) extraction buffer into powdered tissue

|

Incubate the mixture at 65°C for 45 min, cool down the mixture to room temperature
and then centrifuge at 7000x g for 5 min and collect the supernatant

|

Add an equal volume of P:C:I (125:24:1, pH 4.5) and vortex the mixture for 5 min at
room temperature. Following that centrifuge the mixture for 15 min at 4°C, 17500xg
and collect the supernatant

]

E Add an equal volume of C:I (24:1) and vortex the mixture and centrifuge for 15 min at }

4°C, 17500xg and collect the supernatant

!

Add an equal volume of C:I (24:1)
Centrifuge the mixture for 15 min at 4°C, 17 500xg and collect the supernatant

]

Add 1/3volume of 8M LiCl to the collected supernatant and incubate the mixture at
-20°C for overnight.

|

Centrifuge 30 min at 4°C, 17500xg

|

Discard the supernatant and add 500 pl of 70% ethanol and
Centrifuge for 15 min at 4°C, 17500 x g. Repeat the ethanol washing step twice and air
dry the pellet

Dissolve the air-dry pellet in 25 pl RNase-free water and store at -80°C

Fig.2 Flow diagram of the principal steps of total RNA isolation
with the improved CTAB method

electrophoresis accessories were also sprayed with RNase
Destroyer spray followed by rinsing with DEPC-treated
water before use to prevent contamination from RNase.
RNA was isolated from 500 mg FW mature flower starting
material for the four different Dendrobium hybrids and from
five flower developmental stages of Dendrobium Burmese

Romualdez] (scale bar=1 cm); ¢ Dendrobium Trudy BrandtX Den-
drobium Udom Blue Angel) (scale bar=1 cm); and d Dendrobium
Aridang X Dendrobium Burana Sundae (scale bar=1 cm)

Ruby X Dendrobium Mae-Klong River. RNA isolated from
mature flowers of Dendrobium Burmese Ruby X Dendro-
bium Mae-Klong River was used to systematically compare
the efficiency of the improved method with the four previ-
ously published methods (Supplementary Table S1).

For the method reported as new in the current paper
(improved CTAB method, Fig. 2; Supplementary Table S1)
tissues were ground into a fine powder using liquid nitrogen
in a pre-chilled mortar and pestle. To the finely powdered
sample, 12 ml of freshly prepared pre-warmed modified
CTAB extraction buffer was added prior to transfer into
a 15 ml centrifuge tube. The buffer contained 2% CTAB,
100 mM Tris-HCI (pH 8.0), 3 M NaCl, 25 mM EDTA (pH
8.0), and 3% PVP-10. The mixture was vortexed and incu-
bated at 65 °C for periods of 5, 10, 15, or 45 min to deter-
mine the most suitable incubation time. Each sample mixture
was then allowed to cool at room temperature for 2 min. The
mixture was centrifuged for 5 min at 7000xg, and then, an
equal volume of phenol:chloroform:isoamyl alcohol (P:C:I)
(125:24:1, pH 4.5) was added to the supernatant and the
mixture was vortexed for 3 min. Following that, the tubes
were centrifuged at 17,500xg at 4 °C for 15 min and the
aqueous (upper) fraction was collected carefully without dis-
turbing the debris (flocculent material containing protein
and lysed cell materials) at the interface layer. The aqueous
fraction was transferred into a new 2.0 ml microcentrifuge
tube and an equal volume of chloroform and isoamyl alcohol
(C:I) at aratio of 24:1 was added, mixed gently by inverting
the tube several times and then centrifuged at 17,500xg at
4 °C for 15 min. The resultant aqueous fraction was collected
and transferred to fresh tubes. A volume of 8 M LiCl (giving
a final concentration of 0.37 M in solution with the sample)
representing a third of the recovered supernatant volume was
added and mixed well by inverting the tubes. The tubes were
then incubated at — 20 °C for 3, 6, 8, 10, 12, or 24 h to deter-
mine the optimal precipitation time. Following the incuba-
tion, the tubes were thawed on ice and then centrifuged at
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17,500xg at 4 °C for 15 min. The supernatant was discarded
and the pellet was washed twice with 70% chilled ethanol.
The washed RNA pellet was air-dried and resuspended in
25 ul of RNase-free water (Qiagen, Germany). To eliminate
any residual genomic DNA from the samples, the extracted
samples were treated with DNase I (Qiagen, Germany)
according to the manufacturer’s instruction. Following the
DNase treatment, the volume of the sample was increased
to 500 pl using RNase-free water and incubated for 5 min at
room temperature. Then, '/; volume of 8 M LiCl was added
to the samples and incubated overnight at — 20 °C. Follow-
ing that, the samples were centrifuged at 4 °C for 30 min at
17,500%g and the supernatant was discarded. The pellet was
washed twice with 70% chilled ethanol by centrifugation at
17,500xg at 4 °C for 15 min. Following that, the supernatant
was discarded and the RNA pellets were air-dried for 5 min
and resuspended in 25 pl of RNase-free water.

Quantification and quality assessment of RNA

The purity and concentration of RNA samples were assessed
by Nanophotometer Perl® (Implen, Germany) at 230, 260,
and 280 nm absorbance. The quality and integrity of RNA
were examined after separation by denaturing agarose gel
electrophoresis. The 1% denaturing gel was prepared by
melting agarose to MOPS gel buffer [200 mM 3-(N-mor-
pholino) propanesulfonic acid, 50 mM sodium acetate and
10 Mm EDTA, pH 7]. The mixture was cooled to 60—65 °C,
and then, 1 ml of 37% formaldehyde and 1 pl ethidium bro-
mide (0.5 pg/ml) were added before pouring onto gel sup-
port. The gel was run for around 45 min at 90 V. The bands
were visualized and photographed using a Gel documenta-
tion system (BioRad, US). The quality of the extracted RNA
was analysed with a microfluidics system using the Agilent
RNA 6000 Nano LabChip Kit and the Agilent 2100 Bioana-
lyzer (Agilent Technologies).

cDNA synthesis and PCR analysis

cDNAs were synthesised using 1 pug total RNA using
SuperScript® III First-Strand Synthesis System (Invitro-
gen, USA) (Supplementary Fig. S1). PCR was carried
out with Chalcone synthase (CHS) gene-specific primers
(Supplementary Fig. S2) using cDNA as a template. The
forward (5'GCCCAAATCTCGCATAACTC3') and reverse
(5'TACGCGAGATGGGACTAACC3') primer of CHS were
designed to amplify a 436 bp cDNA fragment based on the
GenBank sequence KC345011.1 (Dendrobium hybrid cul-
tivar Sonia Earsakul). PCR reactions were carried out in
25 ul reaction volumes containing 12.5 ul of 2 x GoTaq®
Green Master Mix, 1.0 ul cDNA and 0.4 uM of each primer
using a Mastercycler Gradient DNA Thermocycler (Eppen-
dorf, Germany). The thermoprofile was as follows: initial
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denaturation at 95 °C for 3 min, 35 cycles of 94 °C for 30 s,
53 °C for 30 s, and 72 °C for 1 min followed by the final
extension for 10 min at 72 °C. The amplified PCR products
were separated on a 1.0% agarose gel, stained with ethidium
bromide (0.5 pg/ml) and visualized with a gel documenta-
tion system (BioRad, USA).

Results and discussion

Dendrobium flowers contain high levels of protein, carbohy-
drate and secondary metabolites including flavonoids, pig-
ments, and polyphenols (Moretti et al. 2013). Obtaining pure
RNA with high yield from such tissues is a cumbersome
process as polysaccharides and polyphenols have similar
chemical properties to RNA and tend to co-precipitate with
RNA (Asif et al. 2006; Shu et al. 2014). The co-precipitation
of these compounds with RNA reduces yield and increases
the possibility of rapid degradation which makes the sample
unsuitable for further downstream processing. In the current
study, we have optimised an efficient RNA isolation method
for mature flowers of Dendrobium hybrids. Four previously
published methods for secondary metabolite-rich tissues;
three CTAB-based RNA isolation methods (Methods 1, 2,
and 4) and one SDS-based method (method 3) were initially
tested (Supplementary Table S1). Method 1 was reported
for RNA isolation from tissues including flowers, rich in
polyphenols and polysaccharides (Kiefer et al. 2000), and
Method 2 was reported for Phalaenopsis orchids (Su et al.
2011). Method 3, was a combination of SDS and TRIzol
reagent (guanidinium thiocyanate—phenol—chloroform),
reported for the buds of the tree peony (Paeonia suffruticosa
Andr) (Gao et al. 2016) and Method 4 was reported for a pale
yellow orchid Dendrobium huoshanense (Liu et al. 2018).
However, we found none of the four methods to be adequate
for the extraction of high-quality RNA from the pigment,
polyphenol, and polysaccharide-rich tissue of Dendrobium
hybrid flowers. We chose mature flowers of Dendrobium
Burmese Ruby X Dendrobium Mae-Klong River (Fig. 1a)
as the sample tissue for optimisation studies, as the mature
flower tissue contains the highest level of pigments, and so
presents the most challenging tissue for molecular genetic
studies using floral RNA (Rodriguez-AVila et al. 2011).
While performing the isolation of RNA from mature
flowers, we noticed that one of the main hurdles was the
viscous tissue homogenate that arises during the mixing of
ground tissue with the extraction buffer. The high viscos-
ity made both the mixing of the ground sample with buffer
and the recovery of the RNA-containing supernatant after
centrifugation inefficient. The optimal sample to buffer ratio
for nucleic acid extraction has been reported to vary with the
species and tissue types with the ideal ratio resulting in a
somewhat viscous, but well-dispersed homogenate (Murray



3 Biotech (2019) 9:371

Page50f9 371

and Thompson 1980). By increasing the sample—buffer ratio
to almost double that of the other tested methods (Supple-
mentary Table S1), we observed more efficient mixing of the
sample with buffer and better recovery of the supernatant
containing the RNA (Supplementary Table S2).

Another hurdle was the removal of pigments from the
strongly coloured flower tissues. Method 1, Method 2, and
Method 4 failed to remove pigment in the extraction step,
leaving the aqueous phase dark purple (Supplementary Fig.
S3). Method 3, which is a combination of SDS and TRI-
zol reagent, and also includes a phenol:chloroform:isoamyl
alcohol extraction step, showed better removal of pigments
compared to other methods. The improved removal of pig-
ment was likely because of the presence of phenol in the
TRIzol reagent (Chomczynski and Sacchi 1987) in addi-
tion to the high phenol proportion in the P:C:I extraction
included in this method. Methods 1, 2, and 4 lack the use
of phenol in the solvent extraction steps (Supplementary
Figs. S3, S4). However, the concentration of phenol used in
Method 3 was found to be insufficient to obtain a colourless
pellet for Dendrobium hybrid flower tissue (Supplementary
Fig. S4). To further improve the separation of RNA from
pigments, as well as other superfluous cell materials, we
added a P:C:I (125:24:1) purification step prior to the two
rounds of C:I extraction, in which the proportion of phe-
nol was relatively high. Phenol together with chloroform
is widely reported for extraction of high-quality RNA (Li
2015; Lee et al. 2015; Toni et al. 2018). The addition of
the P:C:I (125:24:1) extraction step in our improved CTAB
method resulted in the comparatively lighter pigmented
aqueous phase after P:C:I extraction (Supplementary Fig.
S3). Samples also showed A,4/»3, ratios within the desired
range (Supplementary Table S2) and colourless pellets (Sup-
plementary Fig. S4).

The insoluble RNA pellet obtained from flower tissues
using methods 1, 3, and 4 was another hurdle to recover
high-quality RNA. The gel-like pellets, with poor solubil-
ity, indicated the inefficient separation of contaminants from
RNA (Muoki et al. 2012). RNA samples obtained from
Method 1 showed A,4yp3 ratios in the range of 1.6-1.7,
and samples from Method 2 gave a value of 1.8, which
indicated the presence of polyphenol and/or polysaccharide
contamination. Similarly, RNA prepared from Dendro-
bium hybrid tissue with Method 3 also showed low absorb-
ance ratios, suggesting contamination with protein (ratio
of Aygons0s 1.6—1.7) and with polyphenol and/or polysac-
charides (ratio A ,¢,30; 1.6-1.7) (Fig. 3; Supplementary
Table S2). To address this, we modified the buffer to have
higher concentrations of NaCl (3 M), PVP-10 (3% w/v), and
B-mercaptoethanol (3% v/v) (Supplementary Table S1). The
higher concentration of NaCl in the extraction buffer was to
promote salting-out of the protein while leaving the RNA
in solution (El-Ashram et al. 2016). In addition, a higher

25 4

Absorbance ratio
=
wn

[

0.5

A260/230
Method 4 = Improved CTAB method

A260/280
u Method 1 = Method 2 = Method 3

Fig.3 Purity of RNA samples isolated from Dendrobium hybrid
(Dendrobium Burmese ruby X Dendrobium Mae-klong River) using
M1-4 and Improved CTAB method, RNA purity was determined
spectrophotometrically using the ratio of absorbance at 260/280 nm
and 260/230

NaCl content aids in avoiding co-precipitation of polysac-
charides with RNA (Fang et al. 1992). The PVP-10 concen-
tration was increased to 3% to facilitate crosslinking with
polyphenols and to help in precipitation from the aqueous
solution (Carpenter et al. 1976). The relatively high con-
centration of -mercaptoethanol in the modified extraction
buffer was also aimed at removing polyphenol compounds
(Wong et al. 2014) and to inactivate ribonucleases released
during cell lysis (Lehninger et al. 2005). We also tested dif-
ferent incubation periods in the extraction buffer to max-
imise RNA yield. The relatively short incubation times of
5—15 min in extraction buffer used in methods 14, resulted
in lower RNA recovery along with protein contamination
from mature flowers of Dendrobium hybrids (Supplementary
Table S3). Hence, we tested longer incubation times of 10,
15, and 45 min to facilitate the salting-out of proteins and
separation of RNA from cell debris. An incubation time of
45 min was found to result in a higher yield and good quality
of RNA (Supplementary Table S3). Another contributing
factor for low pellet solubility might be the use of isopro-
panol in Methods 1 and 3, because isopropanol promotes the
co-precipitation of salts (Choi et al. 2018). It is also difficult
to completely remove isopropanol from samples because of
low volatility, compared to ethanol, which further deterio-
rates the quality of RNA (Surzycki 2012). Method 2, which
used 8 M LiCl (giving a final concentration of 0.37 M in
solution with the sample) for nucleic acid precipitation, was
the best among the four methods in terms of pellet solubility.
Method 4, also used LiCl but at 10 M (giving a much lower
final concentration of 0.04M in solution with the sample). In
our modified method, precipitation with 8 M LiCl followed
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by 75% ethanol wash resulted in soluble pellet allowing
good recovery of RNA in the final aqueous solution (Sup-
plementary Table S2). An advantage of using LiCl for RNA
recovery is that it does not efficiently co-precipitate protein,
DNA, polysaccharide, or salts (Barman et al. 2017). We
also tested different LiCl precipitation times to maximise
RNA yield. We observed that overnight precipitation (24 h)
improved RNA yield compared to the yield after shorter
precipitation times of 3—12 h (Supplementary Table S4).
All five RNA isolation methods showed clear and intact
bands of 28S rRNA and 18S rRNA from mature flowers
of Dendrobium Burmese Ruby X Dendrobium Mae-Klong
River, without visible chromosomal DNA contamination
(Fig. 4). However, the yields of RNA obtained using each
method varied widely: the improved CTAB method resulted
in high yields of RNA, in the range of 11-12 pg/g FW (Sup-
plementary Table S2) demonstrating the efficiency of the
improved method. Extraction of RNA from mature flowers

Fig.4 Agarose gel electropho-

of four different Dendrobium hybrids with the optimised
method resulted in high yields (10.1-12.9 pg/g FW; Table 1,
Supplementary Fig. S5) and significantly higher quality of
RNA (Fig. 3), demonstrating the efficiency and reproduc-
ibility of the improved method.

The RNA samples using the improved CTAB method
had clear ribosomal peaks and higher RNA Integrity Num-
ber (RIN) values (7.9-8.9) than those using the methods
1-4 (4.8-6.8) confirming the suitability of the improved
method to isolate RNA from pigment, polyphenol, and
polysaccharide-rich tissue (Fig. 5; Table 1). An RIN of >7
indicates that the RNA is suitable for high stringency
applications (Schroeder et al. 2006) such as cDNA library
construction or next-generation sequencing (Deepa et al.
2014). To determine the reproducibility of our improved
CTAB method for isolating RNA from floral tissues of
different developmental stages, we extracted RNA from
stage 1-5 flower buds of the Dendrobium Burmese

M4 Improved CTAB Method

resis of total RNA isolated from \
the mature flower of Dendro-
bium hybrid. Lanes 1 and 17:
1 kb DNA Ladder (Promega,
USA); Lanes 2—4: RNA iso-
lated using Method 1(Kiefer
et al. 2000), Lanes 5-7: RNA
isolated using Method 2 (Su

etal. 2011), Lanes 8-10: RNA 1500 bp
isolated using Method 3 (Gao

) 1000 bp
et al. 2016), Lanes 11-13: RNA 750 bp

isolated using Method 4 (Liu

et al. 2018), Lanes 14-16: RNA
isolated using improved CTAB
method

\ | \ [ | \
11 12 13 14 15 16 17

Table 1 Yield and purity of DNase-treated RNA isolated from Dendrobium hybrids using improved CTAB method

No  Dendrobium hybrids Biological  A,q0ng0  Asgonzg  Concentration of RNA yield RIN
replicate RNA (ng/ul) (ug/g FW)
1 Dendrobium Burmese ruby X Dendrobium Mae-klong River ~ S1 2.1 22 240 12.0 8.7
S2 2.0 2.3 244 12.9 8.9
S3 2.1 22 230 11.5 8.8
2 Dendrobium Burana Jade X [Dendrobium Bertha S1 2.0 2.1 220 11.0 7.9
Chong X Dendrobium Imelda Romualdez] ) 2.0 2.1 218 10.9 7.9
S3 2.0 2.1 216 10.8 8.1
3 Dendrobium Trudy Brandt x Dendrobium Udom Blue Angel ~ S1 2.0 22 216 10.8 8.1
S2 2.0 22 218 10.9 8.9
S3 2.1 22 204 10.2 8.8
4 Dendrobium Aridang X Dendrobium Burana Sundae S1 2.0 2.3 202 10.1 8.4
S2 2.0 22 208 10.4 8.3
S3 2.0 22 218 10.9 8.1
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Fig.5 Analysis of RNA integ-
rity. Electropherograms were
obtained using the Agilent RNA
6000 Nano LabChip Kit and

the Agilent 2100 Bioanalyzer.
RNA samples were obtained
from Dendrobium flowers

with M1-M4 method and the
improved CTAB method

Ruby X Dendrobium Mae-Klong River in addition to the
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mature flowers. We then tested the integrity of the isolated

RNA using RT-PCR of an important orchid floral pigment
biosynthetic cDNA, chalcone synthase (CHS). Amplifica-
tion of a partial coding sequence of CHS, produced a band
of the expected size of 436 bp, using cDNA synthesised
from RNA extracted from flower buds and mature flow-
ers, demonstrating the suitability of this method to iso-
late RNA suitable for downstream processes across floral
developmental stages (Fig. 6).

Conclusions

An improved CTAB-based method of RNA isolation from
the pigment, polyphenol, and polysaccharide-rich tissues
was developed and tested using flowers from four differ-
ent pigment-rich Dendrobium hybrids. We demonstrated
that RNA of high quality and yield was isolated from six
different developmental stages of Dendrobium hybrid
flowers, from immature bud to fully open flower and that

the RNA was suitable for reverse transcription and qPCR

| Ellodl
e e O) Springer
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Fig.6 Agarose gel electropho-
resis of PCR product amplified
with Chalcone synthase-specific
primers. Lanes 1 and 9: 1 kb
DNA Ladder (Promega, USA);
Lanes 28 are PCR products
after cDNA synthesis from
RNA isolated from flower buds
of six different developmental
stages of Dendrobium hybrid
flowers. Lane 2: RNA isolated
from stage 1; Lane 3: RNA
isolated from stage 2; Lane 4:
RNA isolated from stage 3;
Lane 5: RNA isolated from
stage 4; Lane 6: RNA isolated
from stage 5; Lane 7: RNA iso-
lated from stage 6 sepals; Lane
8: RNA isolated from stage 6
petals; Lane 10: negative con-
trol (no template)

amplification of a partial coding sequence of chalcone syn-
thase. This protocol is an easy, efficient, and reproducible
method for RNA isolation from flowers rich in secondary
metabolites, and it may result in improved RNA extraction
from other highly pigmented flowers.
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