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ABSTRACT: Malvaceae family, also known as the Mallow family, is a family of flowering plants
containing Hibiscus rosa-sinensis and other plants of high medicinal value. This study focuses on the
challenges associated with high-quality RNA extraction from Hibiscus rosa-sinensis and its related plants
characterized by high levels of mucilage and phenolic compounds in their tissues. High mucilage and
secondary metabolite content pose obstacles in obtaining high-quality RNA, negatively impacting
downstream applications, such as gene expression analysis. Our research aimed to develop an efficient
RNA extraction method tailored to the unique characteristics of Malvaceae family plants especially
Hibiscus rosa-sinensis. Through the substitution of NaCl with KCl, a crucial component of the CTAB
buffer, our methodology successfully addressed the challenges posed by high mucilage and phenolic
compound levels. This modification led to a significant reduction in sample viscosity, which is because of
the high mucilage in these plants. Our modified CTAB extraction method yielded significantly more
RNA with higher purity than the conventional CTAB methods alone. The extracted RNA was largely
intact, as indicated by 28S/18S ratios and RIN values, yielding high-quality RNA with improved purity
suggested by the 260/280 and 260/230 ratios. The proposed approach not only serves as a solution to the specific challenges
encountered in Hibiscus rosa-sinensis but also holds promise for broader applications across different plants within the family.

■ INTRODUCTION
The Malvaceae family comprises a diverse group of plants with
approximately 243 genera and more than 4225 species that are
widely distributed across different geographic regions. The
family includes wild as well as ornamental, e.g., Hibiscus rosa-
sinensis, Malvaviscus arboreus, Altheae roseae, Abutilon indicum,
Sida acuta, etc.1 species. These plants are known for their
unique features, including the presence of high content of
mucilage,2 and phenolic compounds3 in their leaf tissues.

Mucilage, a complex polysaccharide made of sugars and
uronic acid that is found in various parts of the plant, including
leaves, stems, roots, and seeds, is highly acidic and proteina-
ceous.4 Mucilage is highly viscous and gelatinous in nature. Its
primary function is to retain water, protect the plant from
desiccation, provide a barrier against pathogens, and ionic
balance of plant cells.5 On the other hand, phenolic
compounds are a class of secondary metabolites having a
hydroxyl group attached to an aromatic ring. These are also
associated with a range of biological functions, including plant
defense against pathogens and herbivores. The subclasses
flavanols and flavones with additional OH groups at the C-8 A
ring and/or the C-5′ B ring positions are characteristic features
of the family Malvaceae.1

However, the presence of high levels of mucilage and
secondary metabolites can pose significant challenges in RNA
extraction from the leaf tissue of Malvaceae family members as
mucilage binds to secondary metabolites like phenolic

compounds and coprecipitates with nucleic acid.6,7 This affects
downstream applications like gene expression analysis
negatively.8 Mucilage, because of its gelatinous nature causes
high viscosity9 that also interferes with RNA extraction by
hindering the homogenization and disruption of cells, clogging
up the extraction columns or filters, making it difficult to
extract RNA, leading to poor RNA quality and low yields.

Therefore, the development of efficient RNA extraction
methods for Malvaceae family members is essential to
overcoming these challenges. A large number of RNA
extraction protocols have been developed using phenol/SDS
or guanidinium thiocyanate,10 and TRIZOL reagent11 but
none of them are found to be suitable for plants rich in
mucilage,4 oils, polysaccharides, and other secondary metab-
olites.7,12 Several protocols have been developed using
different concentrations of salts but the most popular of
them is using 1.4 M NaCl, however, high concentrations are
suggested for plants rich in polysaccharides.13,14

In this study, the purpose of our research was to devise a
more efficient RNA extraction method suitable for tissues with
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high mucilage and phenolic compound levels. We have
modified the famous CTAB method originally described
by.15 By replacing NaCl with KCl, a critical component of
the CTAB buffer, we succeeded in achieving this goal. Our
methodology resulted in a substantial decrease in the viscosity
of the crushed samples. As a result, we were able to obtain
high-quality RNA with good purity and yield. This approach
could potentially be applied to other Malvaceae species and
thus will be significant in downstream applications including
gene expression analysis and transcriptome sequencing.

■ MATERIALS AND METHODS
Plant Materials. Fresh leaves of Hibiscus rosa-sinensis,

Althaea rosea, Malvaviscus arboreus, Abutilon indicum, and Sida
acuta were collected from the Campus of Jamia Hamdard, New
Delhi, were used for RNA extraction.
Reagents. Five different extraction buffers (EBs) were

made for the isolation of RNA whose constituents are listed in
Table 1, and other reagents that were used in the experiment

are listed in Table 2. All solutions were made with autoclaved
distilled water. All of the mortars and pestles were used after
being washed, dried, treated with 0.1% DEPC overnight, and
then autoclaved.
pH Measurements. One gram of the sample was ground

in 10 mL of extraction buffer and centrifuged for 2 min at
10,000 rpm (at room temperature), and the pH was measured
for the supernatant obtained using a pH meter (Thermo
Scientific, Eutech Instruments pH700).
Viscosity Measurement. One gram of the leaf sample was

crushed in 10 mL of extraction buffer and the viscosity was
measured by using an MCR 101 rheometer (Anton Paar,
Germany) attached to a water bath having a thermostatically
controlled circulating system, using a cone and plate (CP-50-
1) and plate and plate geometry (PP-2-5) operated by
Rheoplus software.16

Isolation of Total RNA. A 100 mg portion of the leaf
sample was taken and crushed in 1000 μL of prewarmed (at 65

°C) extraction buffer (Table 1) in prechilled mortar pestles.
The crushed sample was transferred to 2 mL Eppendorf tubes,
and 10 μL β-mercaptoethanol was added and vortexed for 1
min. Then, it was incubated at 65 °C in a water bath for 10
min and centrifuged at 13000 rpm for 2−4 min at room
temperature. The supernatant (approximately 600−1000 μL)
was taken to another Eppendorf tube and an equal volume of
chloroform−isoamyl alcohol (24:1) was added. It was vortexed
for 1 min and centrifuged at 13000 rpm for 10−15 min (at
room temperature). Again, the supernatant was obtained
(approximately 500−900 μL), to which half the amount of
lithium chloride (7.5M) was added, and stored at −20 °C for
15−20 min. The stored samples were centrifuged at 13000
rpm for 30−40 min at 4 °C. The supernatant was decanted,
and the pellet was kept and washed with 500 μL of 80%
ethanol at 13000 rpm for 2−5 min. Again, the tube was
decanted, and the pellet was kept and air-dried for
approximately 30−40 min. At last, the pellet was dissolved in
30−50 μL of nuclease-free water Figure 1.
Electrophoretic Analyses of Isolated RNA. To check

the integrity of RNA, 5 μL of total RNA mixed with 1 μL of gel
loading dye was loaded in 1.5% agarose gel having 1 μL of 10
mg/mL ethidium bromide. The gel was made and run in 1X
TAE [from a stock 50X TAE] at 100 V for 30−40 min and was
observed in a UV Trans illuminator and photographed by
AlphaDigiDocTM.
Spectrophotometric Analyses of Isolated RNA. The

quantity and quality of isolated RNA were assessed by
measuring the optical density (OD) at 260 and 280 nm.
Purity (260/280 ratio) and contaminants (260/230 ratio)
were checked using a Thermo Scientific, Nanodrop 2000c UV
Spectrophotometer.
RIN Value Measurements. The quality of the RNA was

also assessed with Agilent 4150 TapeStation System and Qubit
3.0 which is designed for analyzing Eukaryote and Prokaryote
RNA molecules from 50−6000 nts (nucleotides) to calculate
the RINe values, following the manufacturer’s instructions17

(Agilent Technologies, Inc. 2013−2014, 2015, Agilent
Technologies Waldbronn, Germany).
cDNA Synthesis and PCR Gene Amplification. The

RNA (1 μg) isolated was used to synthesize cDNA using
Thermo Scientific, RevertAid, First strand cDNA Synthesis Kit
according to the manufacturer’s instructions. For polymerase
chain reaction (PCR) amplification of the Actin gene was done
using primers ActinF- (5′-ATCCAAGCTGTTCTCTCTTTG-
3′), ActinR- (5′-GAAGGTGCTGAGTGATGCC-3′)18 for
one reaction and ActinF- (5′-GCATAGAGGGAAAGCA-
CAGC-3′), ActinR- (5′-TGGTAGGTATGGGCCAGAAA-
3′)19 for another reaction. One μL of cDNA samples of total
RNA extracted from the leaf tissue of Hibiscus rosa-sinensis was
added to a 10 μL PCR reaction mix containing GeneDireX
OnePCRTM that has 2X concentrated solution of Taq DNA
polymerase, dNTPs, and all other components required for
PCR except for primers and template. The amplification was
carried out in a thermal cycler (T100 Thermal Cycler, Bio-Rad
Inc., Hercules, CA, USA) with PCR conditions of initial
denaturation at 95 °C for 2 min, then 35 cycles of denaturation
at 94 °C for 30 s, annealing at 50 °C for 30 s, extension at 72
°C for 40 s, then final extension at 72 °C for 5 min and hold at
12 °C for infinite time. The transcripts were visualized in an
ethidium bromide-stained 1% TAE-agarose gel.

Table 1. Reagents Utilized in the Preparation of Different
Kinds of Extraction Buffers

s.
no.

extraction
buffer (EB)

CTAB
(%)

Tris−HCl
pH 8 (M)

salt types
(2.0 M)

EDTA (pH
8) (mM)

PVP
(%)

1. EBI 2 0.1 NaCl 20 3
2. EBII 2 0.1 KCl 20 3
3. EBIII 2 0.1 MgCl2 20 3
4. EBIV 2 0.1 CaCl2 20 3
5. EBV 2 0.1 LiCl 20 3

Table 2. List of Other Reagents Utilized for Extraction of
RNA

s. no. name of reagents

1. DEPC-treated and autoclaved distilled water
2. chloroform: isoamyl alcohol (24:1)
3. 7.5 M LiCl (made with autoclaved distilled water)
4. β-mercaptoethanol (1%)
5. 80% ethanol (made with autoclaved distilled water)
6. 50X TAE (made with autoclaved distilled water)
7. fermantas DNA gel loading dye, 6X, Thermo Scientific
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■ RESULTS AND DISCUSSION
Standardization of Protocol. Using Different Extraction

Buffers Having Different Salts. When RNA extraction was

done using Extraction Buffer I, II, III, IV, and V (Table 1)
results were found to be positive in the cases of EBI, EBII, and
EBIII (Figure 2A). RNA extracted using EBV had only one
band of 28SrRNA, and RNA isolated with EB1 had both bands
but the 18SrRNA band faded i.e., less concentration as
compared to the bands which we got in the case of EBII
(Table S1). RNA isolated with EBII had both the bands intact
and better quality and quantity (Table S1 and Figure 3).
Although all buffers were made with s-block elements’ salts, the
results were found to be positive in the case of buffers made

with salts NaCl, KCl, and LiCl and negative in the case of
buffers made with MgCl2 and CaCl2. This can be explained by
the fact that Na, K, and Li belong to the same group known as
alkali metals having similar properties according to the periodic
table, and Mg and Ca belong to different groups known as
alkaline earth metals having different similar properties.
Further comparing first NaCl and KCl and then KCl and
LiCl, KCl, has better ionic strength so a better reagent while
making an extraction buffer.

Using Different Salt Concentrations. Extraction Buffer II
having KCl in place of NaCl further experimented with
different concentrations, viz. 0, 0.5, 1.0, 1.5, and 2 M (Figure
2B). At different ionic strengths, CTAB works differently.14

The ionic strength required for CTAB to precipitate
polysaccharides is provided by salt concentrations greater
than 0.5 M.20,21 Although a 1.4 M concentration of NaCI has
been indicated in numerous protocols, larger concentrations of
NaCI and/or CTAB have been advised in protocols
established for eliminating polysaccharides.14 The RNA here
was successfully extracted with an Extraction Buffer having KCl
with concentrations of 1, 1.5, and 2.0 M. However, maximum
concentrations and best O.D. (Table S2, Figure 4) was
observed in RNA extracted with a buffer having 2.0 M KCl.

Using Different Time Spans for Precipitation at the Last
Step Using 7.5 M LiCl. For precipitation at the last step with
LiCl, incubation at −20 °C was done for 5, 10, 15, 20, 25, and
30 min (Figure 5A). Several protocols used high amounts and
overnight or hours of incubation15,22,23 for precipitation. In the
RNA extraction protocol13 the incubation time required for

Figure 1. Schematic diagram describing the major steps involved in the total RNA extraction.

Figure 2. (A) Agarose gel electrophoresis of total RNA from Hibiscus
using different extraction buffers (EBs). (A) Lane 1 shows RNA
isolated with EBI, lane 2 shows RNA isolated with EBII, lane 3 shows
EBIII, lane 4 shows EBIV, and lane 5 shows RNA isolated with EBV.
(B) Total RNA extracted with EBII, where different concentrations of
potassium chloride (KCl) were used. Lane 1 contains RNA extracted
without KCl, lane 2 contains 0.5 M KCl, lane 3 contains 1.0 M KCl,
lane 4 contains 1.5 M KCl, and lane 5 contains 2.0 M KCl.
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precipitation is reduced to 15 min at −80 °C but in the
modified protocol, the incubation time for precipitation was 15
min at −20 °C (Table S3, Figure 6). This reduced the overall
time for the extraction process of RNA, i.e., only 2−3 h.

RNA Isolated from Different Plants with a New Protocol.
A large number of protocols and commercial kits have been
discovered for RNA extraction13,24,25 but found incompatible
with a majority of medicinal plants rich in mucilage. RNA from
five different species of the family Malvaceae named Hibiscus
rosa-sinensis, Althaea rosea, Malvaviscus arboreus, Abutilon

indicum, and Sida acuta was successfully extracted with our
CTAB modified protocol (Figure 5B). All of them have good
concentrations; OD260/280 ranges from 2.00 to 2.20 (Table
S4, Figure 7) suggesting high purity. OD260/230 for the RNA
extracted are more than 1.00 which suggests more removal of
contaminating proteins.
Comparison of RNA Extracted Using a Modified

Protocol with the Standard Protocol. A further experi-
ment was done using Extraction Buffer II having 2.0 M KCl
and compared for quality, quantity, pH, viscosity, RIN values,

Figure 3. Graphical representation (A) concentrations and (B) OD when RNA extracted using various extraction buffers (EBs). Values are means
± standard deviation of at least three replicates; within each column, means followed by the same letter are not significantly different at p ≤ 0.05
according to DMRT.

Figure 4. Graphical representation (A) concentrations and (B) OD260/280, OD260/230 for RNA extracted using extraction buffer having
different molarity of KCl. Values are means ± standard deviation of at least three replicates; within each column, means followed by the same letter
are not significantly different at p ≤ 0.05 according to DMRT.

Figure 5. Agarose gel electrophoresis of the total RNA. (A) Extracted and subsequently precipitated with LiCl for varying durations. Lane 1 for 5
min, Lane 2 for 10 min, Lane 3 for 15 min, Lane 4 for 20 min, Lane 5 for 25 min, Lane 6 for 30 min, (B) extracted from different species within the
Malvaceae family. Lane 1 contains RNA from Hibiscus rosa-sinensis, Lane 2 from Althaea rosea, Lane 3 from Malvaviscus arboreus, Lane 4 from
Abutilon indicum, and Lane 5 from Sida acuta.
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cDNA synthesis, and PCR amplification with RNA isolated
with Extraction Buffer I having 2.0 M NaCl used by a
previously reported method.13

Quality and Quantity. The concentrations and spectro-
scopic analysis (Table S5, Figure 9) as compared have shown
that modified protocol can be a better choice for extracting
RNA from plants having high mucilage, i.e., plants of the family
Malvaceae, that can also be evaluated from the gel picture
(Figure 8), concentrations, OD260/280 and OD260/230 that
increases for every plant when the modified protocol was used,
suggesting more removal of proteins, polyphenols, and
polysaccharides.

pH Comparison Analysis. The EBI and EBII had pH of
7.75 ± 0.02 and 8.15 ± 0.02, respectively. However, once the
plant material was crushed in it, the pH decreased to −0.5
(Table S6 and Figure 10), which improved the environment
for isolating nucleic acids, since the ideal pH range for nucleic
acid extraction is between 7.5 and 8.5.14 Generally, RNA
gathers in pH 6−7, and DNA in pH 8−9 because proteins and
DNA stay in the lower liquid phase of the lysate in acidic
environments, but RNA stays in the upper liquid phase either

Figure 6. Graphical representation (A) concentrations and (B) OD260/280, OD260/230 for RNA extracted using various times for precipitation
with LiCl (7.5M). Values are means ± standard deviation of at least three replicates; within each column, means followed by the same letter are not
significantly different at p ≤ 0.05 according to DMRT.

Figure 7. Graphical representation (A) concentrations and (B) OD260/280, and OD260/230 for RNA extracted using EBII from different plants
of the family Malvaceae. Values are means ± standard deviation of at least three replicates; within each column, means followed by the same letter
are not significantly different at p ≤ 0.05 according to DMRT.

Figure 8. Agarose gel electrophoresis was used to analyze total RNA
extracted from various plant species, with the extractions differ-
entiated by two methods, EBI and EBII. RNA from Hibiscus rosa-
sinensis was analyzed in Lanes 1 (EBI) and 2 (EBII). For Althaea
rosea, the RNA extractions were placed in Lanes 3 (EBI) and 4
(EBII). Malvaviscus arboreus RNA samples were observed in Lanes 5
(EBI) and 6 (EBII), while Abutilon indicum RNA was observed in
Lanes 7 (EBI) and 8 (EBII). RNA from Sida acuta was shown in
Lanes 9 (EBI) and 10 (EBII).
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Figure 9. Graphical representation, comparison (A) concentrations, (B) OD260/280, (C) OD260/230 for RNA extracted using EBI and EBII for
different plants of the family Malvaceae. Values are means ± standard deviation of at least three replicates; within each column, means followed by
the same letter are not significantly different at p ≤ 0.05 according to DMRT.
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in the lower organic phase or interphase. The protocol was
developed22 on cinnamon as it is inherently sticky, tested the
CTAB buffer’s pH, and found it to be approximately 8. As a
result, they have adjusted the buffer pH 6−6.5 by adding
copious HCl to keep RNA in the upper aqueous phase.

Reducing the pH level resulted in a decrease in the
supernatant’s viscosity as well as significant DNA contami-
nation. But here, using our procedure, RNA was successfully
extracted without the need to alter pH with the aid of KCl
substitution, and viscosity was also significantly reduced (Table
S7), facilitating higher-quality RNA extraction from the plants
with high mucilage content. RNA can be successfully isolated
even at alkaline pH using the modified protocol.

Viscosity Comparison. Comparing the viscosity results of
plant material crushed in EBI and EBII individually (Table S7
and Figure 11) reveals that EBII reduces the crushed sample’s
viscosity by a factor of 10−1000. There is a presence of high
mucilage in the family Malvaceae2 that causes high viscosity in
these plants9 while extracting RNA and interferes with the
process6,23 so decreased viscosity while extracting RNA with
the modified buffer, i.e., EBII can be a reason that gives better
results (Table S5).

Comparison RIN Values. The RIN values of RNA isolated
from Hibiscus rosa-sinensis using EBI and EBII are 8.8 and 8.7,
respectively. The RNA integrity number (RINe) assigned by
the software determines the integrity of the RNA. RINe
readings ranged from 1 to 10, with 1 being the lowest and 10
being the highest. RINe values less than 5 indicate total

Figure 10. pH changes when leaf samples from different plants of the family Malvaceae are crushed using EBI and EBII. Values are means ±
standard deviation of at least three replicates; within each column, means followed by the same letter are not significantly different at p ≤ 0.05
according to DMRT.

Figure 11. Viscosity changes when leaf samples from different plants
of the family Malvaceae are crushed using EBI and EBII. Values are
means ± standard deviation of at least three replicates; within each
column, means followed by the same letter are not significantly
different at p ≤ 0.05 according to DMRT.

Figure 12. Agarose gel electrophoresis of the PCR-amplified actin gene products. (A) A duplex RT-PCR showing the amplification of 720 and 300
bp of actin gene derived from RNA extracted with two different buffers, EBI and EBII, shown in lanes 2 and 3, respectively. Water as a negative
control is shown in Lane 1. (B) RT-PCR showing amplification of a 300-bp fragment of actin gene derived from RNA extracted with extinction
buffer EBI and EBII, shown in lanes 1 and 2, respectively. One kb DNA ladder is presented in Lane M.
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degradation, 5−7 suggest moderately degraded RNA, and
values greater than 8 indicate good-quality RNA can be utilized
for a variety of purposes, including NGS techniques.

cDNA Synthesis and PCR Gene Amplification. The clear
and sharp fragment for both primers of actin having
amplification sizes 300 and 720 bp, respectively (Figure
12A,B), during RT-PCR analysis indicates successful cDNA
synthesis, and RNA is acceptable for downstream applications.
Also, the bands when compared have better intensity in the
case of RNA extracted using EBII.

■ CONCLUSIONS
This study aimed to develop an efficient, simple, swift, and
cost-effective RNA extraction protocol for the plants of the
Malvaceae family that are rich in mucilage and cause high
viscosity when crushed in an extraction buffer. The modified
CTAB-based RNA extraction method gave good results with
high-quality RNA from all five plants of the family Malvaceae
that were used in the experiment. Extraction Buffer II
containing potassium chloride in place of sodium chloride
can be used from a range of 1.0−2.0 M concentrations. The
RNA can be extracted in just 2−3 h by using this protocol. To
the best of our knowledge, no research has made a CTAB-
modified Extraction Buffer containing KCl in place of NaCl so
far.

To summarize, we have optimized a robust and reliable
method for the RNA extraction of high-mucilage-containing
plants that can be used for almost all downstream applications.
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