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Abstract

Isolation of high-quality RNA from coffee is challenging because of high level of polysaccharides, polyphenols and other
secondary metabolites. In the present study, a rapid and efficient RNA extraction protocol from different tissues of coffee was
optimized. Sufficiently high quality and quantity (225.6-454.8 ug/g) of RNA was obtained by using the optimized protocol.
The presence of two distinct bands of 28S rRNA and 18S rRNA in agarose gel proved the intactness of the RNA samples.
The average spectrophotometric values of the isolated RNA ranged from 1.96 to 2.02 (A,40/050) and 1.95 to 2.14 (Aye0/230)s
indicating the high quality of RNA devoid of polyphenols, polysaccharides and protein contamination. In the optimized pro-
tocol, addition of PVPP to the extraction buffer and a brief incubation of samples at 65 °C and subsequent purification with
potassium acetate resulted in good-quality RNA isolation. The suitability of RNA for downstream processing was confirmed
by PCR amplification with cytochrome c oxidase gene-specific primers. The amplification of a single 392 bp fragment using
c¢DNA and 1.5 kb fragment using genomic DNA samples confirmed the absence of DNA contamination. The present protocol
is rapid and yielded good quality and quantity of RNA suitable for functional genomics studies.
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Introduction

Coffee is one among the most popular beverages consumed
throughout the world. It is cultivated in about 10.2 mil-
lion ha of land spanning over 80 countries in the tropical
and subtropical regions of Africa, Asia and Latin America
(Mishra and Slater 2012). Among more than 124 coffee spe-
cies (Razafinarivo et al. 2013) known so far, only two spe-
cies, Coffea arabica (Arabica coffee) and Coffea canephora
(Robusta coffee), are commercially cultivated and have more
economical significance.

Genetic improvement of coffee is of paramount impor-
tance for its sustainable cultivation. However, coffee
improvement using conventional breeding is a slow and tedi-
ous process due to the perennial nature of the plant species.
Recent developments in the areas of functional genomic
research could complement and hasten the conventional
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breeding process by enhancing the availability of poten-
tial genes. However, one of the important prerequisite for
various functional genomics studies is the availability of an
efficient and robust RNA isolation protocol from different
target tissue. A number of RNA isolation protocols have
been standardized across plant species using either guani-
dinium thiocyanate or phenol/SDS by various workers (Tan
and Yiap 2009; Choudhary et al. 2016; Vasanthaiah et al.
2008). However, none of these methods are found suitable
for RNA isolation in coffee due to its high polyphenol and
secondary metabolite content. In a previous study, de Paula
et al. (2012) tried four different methods for extraction of
RNA from different tissues of coffee and found the CTAB
method to be the best. However, this method requires a
large sample volume (2 g) and a lengthy extraction proto-
col (6-24 h) and therefore not suitable for transcriptomic
experiments where sample volume is the major constraint.
Recently, Deepa et al. (2014) developed a RNA isolation
protocol in Curcuma longa which contains high levels of
polyphenols, polysaccharides and alkaloids. However, when
this protocol was used for RNA isolation from coffee leaf
tissue, low and poor-quality RNA was obtained. Therefore, it
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was imperative to develop a simple, rapid and efficient RNA
extraction protocol from different tissues of coffee.

Materials and methods
Plant material

Fresh young leaves, secondary roots, bark tissue of C. ara-
bica (cultivar Chandragiri) and C. canephora (cultivar CxR)
were collected from 3- to 5-year-old plants maintained in
the nursery at Tissue Culture and Biotechnology Division
Mysore, Karnataka, India. The young growing leaves near
the apical bud were collected. The soil adjoining root zone
was carefully removed and fresh secondary fibrous roots
were collected. The outer dead cork cambial tissue of bark
was removed and thin slices from inner soft tissue was col-
lected. All the plants were maintained in healthy conditions
and recommended package of practices were followed.

RNA isolation protocol

All the materials used in the RNA extractions were treated
with 1.0% diethylpyrocarbonate solution (DEPC) and all the
reagents were prepared with 0.5% DEPC-treated distilled
water. All the accessories required for gel electrophoresis
were treated with 0.5 M EDTA solution for 1 h and washed
with DEPC-treated water.

About 100 mg fresh tissue samples of leaf, secondary
roots and bark was collected in three replications from C.
arabica and C. canephora plants. All the samples were
processed uniformly by grinding them into a fine powder
using liquid nitrogen in pre-chilled pestle and mortar with
2% (W:V), PVPP (polyvinylpolypyrrolidone). To the finely
powdered sample, 1.5 ml of freshly prepared, pre-warmed
extraction buffer (100 mM Tris—HCI, 25 mM EDTA, 2%
SDS and 1% p mercaptoethanol of pH 8) was added and
transferred to 2 ml micro centrifuge tubes. The samples
were incubated in water bath for 15-20 min at 65 °C and
cooled to room temperature. To this equal volume of
water-saturated phenol (pH 5.6), chloroform (1:1 freshly
prepared) was added, vortex mixed for 2 min and allowed
to stand for 5 min at room temperature. The tubes were
centrifuged at 15000g at 4 °C for 10 min and the superna-
tant was transferred to fresh 2 ml microcentrifuge tubes,
following which 0.3 volume of 5 M potassium acetate (pH
5) and 0.7 volume of water saturated phenol (pH 5.6):chlo-
roform (1:1 freshly prepared) was added. The tubes were
mixed vigorously and kept at — 20 °C freezer for 10 min
and centrifuged at 15000g at 4 °C for 10 min. The super-
natant collected was transferred to fresh tubes and 0.1
volumes each of 3 M potassium acetate (pH 5) and ice
cold isopropanol were added and mixed well by inverting
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the tubes gently. The tubes were incubated at — 20 °C for
30 min and centrifuged at 15000g at 4 °C for 15 min. The
supernatant was discarded and the pellet was washed with
70% chilled ethanol by centrifuging at 15000g at 4 °C for
15 min. Further, the supernatant was discarded and RNA
pellets were dried using vacuum dessicator. The dried
RNA pellets were re-suspended in 50 ul RNase-free dis-
tilled water. To remove the DNA contamination, samples
were treated with RNase-free rDNase I (Ambion) accord-
ing to the manufacturer’s instructions and stored at — 20 °C
for future use. The purity and concentration of isolated
RNA samples were assessed by Nanodrop. The integrity
of RNA was analyzed by separating it on 1.0% agarose gel
electrophoresis, stained with ethidium bromide and visual-
ized under gel documentation system (BioRad).

cDNA synthesis and PCR analysis

Total RNA extracted from bark tissues of C. arabica and
C. canephora was reverse transcribed into cDNA using
high-capacity RNA to cDNA conversion kit (Applied
Biosystem, USA). The first-strand cDNA synthesis was
carried out in 20 pl reaction volume containing 10 ul of
2 X RT buffer, 1.0 ul of 2Xx enzyme mix, 4.0 ul of RNA
sample and 5.0 pl of nuclease-free water. Reverse tran-
scription was performed using thermal cycler (BioRad)
at 37 °C for 60 min and 95 °C for 5 min. The product was
stored at — 20 °C for further analysis.

PCR was carried out with cytochrome ¢ oxidase gene-
specific primers using genomic DNA and cDNA samples
of C. arabica and C. canephora. Cytochrome ¢ oxidase
gene-specific primers were designed from the sequence
information of C. canephora available in the public data-
base. The forward and reverse primer sequences (F- AAT
GCCGCAAGCAAGCAAA and R- TGCACCGGGCAA
AAATTAGG) of cytochrome c oxidase gene primers were
designed to amplify a 392 bp gene fragment in cDNA and
1.5 kb fragment containing intronic region in genomic
DNA of coffee. The primers were synthesized at Sigma-
Aldrich, Bangalore. PCR assay was carried out in 20 pl
reaction volume containing 2.0 ul of 10x PCR buffer,
2.0 pl of 25 mM MgCl,, 2.0 pl of 3 uM of each primer,
4.0 pl of 10 ng/ul DNA/1.0 ul cDNA and 1.0 ul of 1 U/ul
Tag DNA polymerase. All the components used in PCR
were procured from Thermo Fisher Scientific. PCR cycles
were programmed as follows: 5 min at 94 °C for initial
denaturing followed by 34 cycles of 45 s denaturing at
94 °C, 45 s annealing at 64 °C and 1 min elongation at
72 °C, followed by final elongation at 72 °C for 10 min.
The amplified PCR products were separated on 1.2% aga-
rose gel stained with ethidium bromide (10 mg/ml) and
visualized under gel documentation system (BioRad).
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Sequencing

The PCR amplified products of cDNA and genomic DNA
were gel eluted and purified using QIAquick gel extraction
kit (Qiagen) by following the manufacturer’s instructions
and sequenced directly by Sanger method.

Results and discussion
Assessment of RNA quality

Two intact and clearly separated 28S rRNA and 18S rRNA
bands without any shearing were observed in agarose gel
(Fig. 1), indicating that the protocol was successful in
extracting good-quality RNA from different tissue of both
C. arabica and C. canephora. In general, the A260/A230
absorbance ratio indicates potential contamination with
polysaccharides and polyphenols, and the A260/A280 ratio
indicates protein contamination in nucleic acids (Loge-
mann et al. 1987 and Manning 1991). According to Asif
et al. (2006), the spectophotometric values of 260/280
ranging from 1.8 to 2.1 indicate the purity of nucleic acids.
The spectrophotometric readings of our samples revealed

28S rRNA
18S rRNA

Fig.1 Total RNA isolated from different tissues of Arabica and
Robusta coffee. Lanes 1-2: Arabica and Robusta leaves. Lanes 3—4:
Arabica and Robusta roots. Lanes 5-6: Arabica and Robusta bark tis-
sue

the presence of good-quality RNA, since the ratio of
260/280 nm and 260/230 nm ranged from 1.96 to 2.02 and
1.95 to 2.14, respectively. The yields of RNA were satisfac-
tory and were in the range of 225.6-454.8 ug/g (Table 1). In
the present protocol, smaller sample volume (100 mg) was
processed and good amount of RNA was obtained unlike the
earlier report by de Paula et al. (2012) in C. arabica, wherein
0.5-2.0 g leaf tissue were processed and comparatively less
RNA yield was obtained. Previously Deepa et al. (2014)
obtained 102-180 pg/g of RNA from different tissues of
Curcuma longa using a modified SDS protocol. However
in coffee, RNA isolated using this protocol resulted in low
yield (Table 1). The current protocol was more efficient and
resulted in higher RNA yields (225.6—454.8 ug/g) of good
quality, devoid of any trace of genomic DNA contamination
(Fig. 1).

Since availability of plant tissue for RNA isolation at
the site of infection for downstream processing is often a
limiting factor, the present protocol assumes significance,
as high-quality RNA could be extracted from minimum tis-
sue compared to earlier methods in coffee. Further, the cur-
rent method of RNA isolation is not only efficient, but also
takes less time (3—5 h) to complete unlike earlier methods
described by Sah et al. (2014), de Paula et al. (2012), Vas-
anthaiah et al.(2008) and Zarei et al. 2012, which takes more
time (6-24 h).

Suitability of RNA for downstream processing

The suitability of RNA isolated by the current method was
tested by amplifying the cytochrome c oxidase gene fragment.
A single full-length gene fragment of 1.5 kb was amplified
using genomic DNA as template, and a single 392 bp frag-
ment alone was amplified using cDNA as template (Fig. 2).
This differential amplification of fragment in genomic and
cDNA samples not only proved the integrity of isolated RNA
samples without any DNA contamination, but also confirmed

Table 1 The average spectrophotometric values of RNA isolated from different tissues of C. arabica and C. canephora

Sample Quantity of sample Current protocol Using protocol by Deepa Current protocol Using
used (mg) etal. 2014 protocol by
Deepa et al.
2014
Aj601280 Azso30 Ansor280 Ags230 RNA concentration (ug/g) RNA con-
centration
(ug/g)
Arabica Leaf tissue 100 1.99 2.05 1.79 1.91 454.8 119.0
Robusta Leaf tissue 100 2.02 2.14 1.82 1.97 444.8 164.5
Arabica Root tissue 100 1.98 2.02 - - 424.8 -
Robusta Root tissue 100 2.01 1.98 - - 281.3 -
Arabica Bark tissue 100 1.96 2.01 - - 347.0 -
Robusta Bark tissue 100 1.98 1.95 - - 225.6 -
s @ Sprnger
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Fig.2 Gel picture depicting differential PCR amplification of
cytochrome oxidase gene from genomic DNA and cDNA samples
of C. arabica and C. canephora. Lane M: 1 Kb plus DNA ladder
(Thermo scientific). Lane 1: Arabica genomic DNA. Lane 2: Arabica
cDNA. Lane 3: Robusta genomic DNA. Lane 4: Robusta cDNA

its amenability for downstream processing without any ambi-
guity. Further, the gene fragments amplified using DNA and
cDNA templates of both C. arabica and C. canephora were
sequenced and the presence of intron in gene amplified from
genomic DNA was confirmed (Data not shown).

Optimized RNA extraction protocol

Extraction of good-quality RNA from coffee is challeng-
ing because of high polysaccharide and polyphenol content.
These polyphenols easily oxidize to quinone compounds that
bind irreversibly to RNA molecule and makes RNA isola-
tion difficult (Graham 1993). Deepa et al. (2014) have used
PVP in the RNA extraction buffer to prevent polyphenol
oxidation. However, in the current study, high concentra-
tion of PVPP was used instead of PVP, because PVPP is
insoluble unlike PVP and can be easily removed by centrifu-
gation. A further high concentration of PVPP helps in dis-
sociation of complexes of polysaccharide, phenols and other
compounds. It also helps in dissolving the SDS—RNA com-
plex so that more SDS and polysaccharides are removed in
phenol:chloroform extraction (Ainsworth, 1994). In addition
to the above, incubation of samples at 65 °C for 15-20 min
might have facilitated cell lysis and thereby resulted in
higher RNA yields compared to the RNA yields obtained
by Deepa et al. (2014), wherein samples were not incubated.
In the present protocol, 5 M potassium acetate (pH-5.0) was
used to remove the traces of SDS and phenol:chloroform
from the sample. RNA was precipitated with ice cold iso-
propanol along with 3 M potassium acetate (pH 5.0). The
potassium acetate helps to maintain the pH of the denatured
cell lysate during acid extraction and provides the salt neces-
sary for RNA precipitation.

Conclusion
A modified SDS-based protocol of RNA extraction from
different coffee tissues rich in polyphenols and secondary

metabolites was developed. The protocol is rapid, efficient
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and yields sufficient quantity of high-quality RNA irrespec-
tive of source tissue. Thus, this protocol might be useful for
other plant species with high levels of polyphenols and sec-
ondary metabolites for rapid and large-scale RNA extraction.
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