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Abstract Next generation sequencing is a high-through-

put technique widely used for transcriptome profiling.

Isolation of high quality RNA is a prerequisite for such

large scale transcriptome analysis. Phyllanthus emblica is

an important medicinal plant having high amount of

metabolites like vitamin C, flavonoids, polyphenolic com-

pounds, tannins, which are responsible for its wondered

medicinal properties. High concentration of secondary

metabolites like polysaccharides and polyphenols proved

to be an obstacle in isolating RNA of good quality. Any

compromise with quality of RNA affects the downstream

applications and requires extra cleaning steps that further

reduce RNA quantity. We have developed a protocol for

isolation of high quality RNA from P. embilca. RNA was

successfully assessed for downstream applications like

reverse transcription polymerase chain reaction, rapid

amplification of cDNA ends, mRNA library preparation,

and sequencing using HiSeq
TM

2000 sequencing technol-

ogy. The protocol is simple and can be completed in 4–5 h.
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Abbreviations

CTAB Cetyl trimethyl ammonium bromide

DEPC Diethyl pyrocarbonate

EDTA Ethylenediamine tetraacetic acid

GTC Guanidine thiocyanate

LiCl Lithium chloride

PCR Polymerase chain reaction

PVP Polyvinylpyrrolidone

RT Reverse transcriptase

SDS Sodium dodecyl sulfate

Introduction

Phyllanthus emblica (Emblica officinalis; family Euphorbi-

aceae) is one of the important medicinal plants possessing

antioxidant [1], antiviral [2], antimicrobial [3], antitumor

[4], ulcer healing [5], hepatoprotective [6], and immune-

modulatory [7] properties. These properties are imparted by

the presence of high amount of vitamin C, flavonoids and

other polyphenolic compounds such as tannins [8]. Keeping

in view the immense medicinal properties attributed to this

plant, studies were initiated on understanding molecular

aspects of biosynthesis of secondary metabolites imparting

these properties. For such studies, nucleic acids isolation is a

primary requirement. However, there are no standard

methods for the isolation of nucleic acids applicable to all the

plant species [9]. P. emblica is the rich source of vitamin C,

carbohydrates, and polyphenolic compounds [8, 10, 11].

Compounds such as polysaccharides, polyphenols interferes

in isolation of good quality RNA. Polyphenolic compounds

oxidized very quickly during RNA extraction and form

quinones which bind with RNA [9] and polysaccharides co-

precipitate with the RNA in low ionic concentration buffer

[12]. The problem increases with the tissue source such as

fruits and flowers, which are rich in such compounds. We

have tried previously published protocols and commercial

kits available to isolate RNA from different parts of plant

(13, 14, 15, 16, RNeasy� Kit (Qiagen, Germany) and Trizol�

reagent (Invitrogen, USA)) but either quality or quantity or

both were very poor especially in case of flowers and mature
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leaves, pellet was of black color. The RNA isolation protocol

developed for woody plants having high level of polyphenols

by Lal et al. [13], Jaakola et al. [14], and Chang et al. [15],

were time consuming (about 16 h or more) as it required

overnight precipitation and also the RNA yield and quality

was very poor in case of P. emblica. The phenol-based iso-

lation system developed by Ghawana et al. [16] was rapid

and less cumbersome, but using this procedure for P. emb-

lica, the yield was low and pellet was brown in color sug-

gesting high amount of polysaccharides co-precipitated with

the nucleic acids, thus makes the RNA unsuitable for further

applications. Commercially available, Trizol reagent

(Invitrogen, USA) and RNeasy� mini kit (Qiagen, Germany)

were also used but none of these worked well with

P. emblica.

Thus, we aimed to develop a method for isolation of

good quality RNA from P. emblica. We standardized a

protocol using two buffers, both at acidic pH. Buffer I, in

the presence of high amount of polyvinylpyrrolidone (PVP)

removes polysaccharides, proteins, and polyphenolics,

while buffer II removes all the traces of interfering proteins

and other metabolites persisted in aqueous phase after

treating with buffer I. Low pH of buffers stabilize RNA

rather than DNA which enhance the recovery of RNA. Use

of high amount of absolute ethanol with lithium chloride

(LiCl) reduces incubation time for precipitation. The

specificity and applicability of the protocol was evaluated

by downstream processes such as cDNA synthesis, poly-

merase chain reaction (PCR), rapid amplification of cDNA

ends (RACE), preparation of mRNA library and sequenc-

ing using Illumina’s HiSeq 2000 sequencing technology.

Materials and Methods

Plant Materials

A healthy P. emblica plant growing under normal envi-

ronmental conditions in the Botanical garden of Panjab

University, Chandigarh was selected. Leaves (young and

mature), flowers and fruit samples were collected, frozen

immediately in liquid nitrogen and stored at -80�C till

further use. Fruits were chopped off into small pieces

before storage.

Reagents and Solutions

All the glassware and plasticware were treated with 0.1%

diethyl pyrocarbonate (DEPC)-treated water overnight and

autoclaved. All the solutions were prepared in 0.1% DEPC-

treated water. Gel running apparatus was treated with 3%

H2O2, rinsed and washed with DEPC-treated autoclaved

water.

• Extraction buffer I Cetyl trimethyl ammonium bromide

(CTAB, 2% (w/v); Sigma, USA), 3.5 M guanidine

thiocyanate (GTC) (Sigma, USA), 100 mM sodium

citrate buffer (pH 4.5), 3 M Potassium acetate (Sigma,

USA), 1.0% sodium dodecyl sulfate (SDS) (Sigma,

USA) (added just before the start of experiment) and

RNase free water for final volume makeup.

• Extraction buffer II Acidic phenol (pH 4.5) (Sigma,

USA), 2.5 M sodium chloride (Sigma, USA), 0.5%

SDS.

• Chloroform: Isoamyl alcohol (24:1)

• 12 M LiCl

• Ethanol (absolute and 70%)

• RNase free water

RNA Extraction

(1) Extraction buffer I was prewarmed at 65�C. Plant

tissues (100 mg) were placed in pestle. PVP K-30

[mw = 40,000 (soluble); 7% of the extraction buf-

fer] was added to it and ground to make fine powder.

(2) Powdered tissue was transferred to a microcentri-

fuge tube containing 1 ml extraction buffer I,

vortexed vigorously and incubated at 65�C for

10 min with intermittent vortexing every 2 min.

(3) The mixture was further divided equally into two

tubes. An equal volume of chloroform: isoamyl

alcohol was added, vortexed briefly and centrifuged

for 10 min at 13,000 rpm at room temperature to

separate the organic and aqueous phase.

(Optional if dark color of aqueous phase persists):

Upper aqueous phase was transferred to a fresh tube

and 500 ll of extraction buffer I was added without

adding PVP. Vortexed briefly and added equal

amount of chloroform: isoamyl alcohol to separate

the organic and aqueous phase.

(4) The mixture was centrifuged for 10 min at

13,000 rpm at room temperature and the upper

phase was transferred to a fresh tube.

(5) The aqueous phase was transferred in a fresh tube

and added 1 ml extraction buffer II, vortexed

vigorously and left it undisturbed for 5 min at room

temperature.

(6) Equal volume of chloroform: isoamyl alcohol was

added, vortexed briefly, and centrifuged for 10 min

at 13,000 rpm at room temperature.

(7) The upper phase was transferred to a new tube. For

precipitation of RNA, 12 M of LiCl (to final

concentration of 2 M), 3 volume of chilled absolute

ethanol were added and incubated at -80�C for 2 h.

(8) RNA was pelleted down by centrifuging the tube at

13,000 rpm at room temperature for 20 min.
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(9) Supernatant was discarded carefully without dis-

turbing the pellet.

(10) Absolute ethanol (1 ml) was added and vortexed

briefly. Tubes were kept undisturbed at room

temperature for 10 min to dissolve any salt

contamination.

(11) Samples were centrifuged at 13,000 rpm for 10 min

and supernatant was carefully removed.

(12) RNA pellet was washed with 70% ethanol and air

dried.

(13) RNA pellet was dissolved in RNase free water and

store at -80�C till further use.

Assessment of RNA Quantity and Quality

Integrity of RNA was analyzed primarily by running 1 lg

of each sample on 1.2% denaturating agarose gel con-

taining formaldehyde and ethidium bromide. Concentration

and purity of RNA were analyzed by UV–VIS spectro-

photometer (Hitachi, Japan) determining the absorbance of

RNA sample at wavelength of 280, 260, and 230 nm and

ratio at A260/280 and A260/230 was calculated as described by

Sambrook and Russell [17]. RNA quality and quantity

were further analyzed by Agilent Bioanalyzer 2100 and

RNA integrity number (RIN) was measured following the

manufacturer’s instructions.

cDNA Synthesis and PCR

RNA was treated with DNase I (amplification grade,

Invitrogen, USA) to remove any residual DNA contami-

nation before proceeding to reverse transcription (RT).

For cDNA synthesis, 2 lg of DNA free RNA was reverse

transcribed with oligo-dT(18–20) primer and Superscript

III reverse transcriptase (Invitrogen, USA) following

the manufacturer’s instructions. Further, PCR was per-

formed using the cDNA synthesized and 26S rRNA gene

primers (Forward: 50-CACAATGATAGGAAGAGCC

GAC-30 and Reverse 50-CAAGGGAACGGGCTTGGCA

GAATC-30) [18]. PCR mixture contained 19 PCR buffer

(10 mM Tris–HCl, 50 mM KCl, 1.5 mM MgCl2), 0.2 mM

of dNTPs, 0.2 lM of each primer, 1 ll of cDNA tem-

plate, 1U of Taq polymerase (New England Biolabs,

USA), and RNase free ddH2O to make final volume as 25

ll. PCR was performed in a S1000
TM

Thermal cycler

(Bio-Rad Laboratories, USA) with intial denaturation at

95�C for 3 min followed by 30 cycles consisting of 94�C

for 30 s, 52�C for 30 s, and 72�C for 1 min with a ter-

minal extension at 72�C for 7 min. Amplified PCR

product (25 ll) was resolved on 1.2% agarose gel and

stained with ethidium bromide.

Rapid Amplification of cDNA Ends (RACE)

RACE ready cDNAs (50 and 30) were synthesized from 2 lg of

total RNA using SMART
TM

RACE cDNA Amplification Kit

(Clontech, USA). RACE PCR was performed for amplifica-

tion of 50 and 30 ends of flavanone 3-hydroxylase (F3H) gene

using the primers; 50-GSP 50-CCA AGT TTT GCC ATC ATC

TCT GGT AGC C-30 and 30-GSP 50-CAG TGA GGA TCT

GAT GGG ACT AGC TTG C-30 respectively along with the

manufacturer’s provided primers in SMART
TM

RACE cDNA

Amplification kit (Clontech, USA). PCR reaction mixture

(25 ll) contained 19 Advantage 2 SA PCR Buffer (10 mM

Tris–HCl pH 8.5, 50 mM KCl, 2 mM MgCl2), 0.2 mM dNTP

mix, 0.2 mM GSP primer, 0.2 mM universal primer, 1 U

Advantage 2 Polymerase Mix (Clontech, USA), 1 ll RACE

ready cDNA as template (separate reactions for 30 and 50

RACE) and water. PCR was programmed with initial dena-

turation at 95�C for 3 min followed by 35 cycles of amplifi-

cation at 95�C for 30 s, 65�C for 20 s, 68�C for 1 min, and final

extension at 68�C for 10 min. Amplified products (25 ll each)

were resolved on 1.5% agarose gels containing ethidium

bromide, bands of expected sizes were excised and eluted from

gel (GenElute gel extraction kit, Sigma), ligated into pGEM-T

easy vector (Promega, USA) and transformed into E. coli

DH5a competent cells. Recombinant plasmids with insert

were isolated (GenElute plasmid isolation kit, Sigma) and

sequenced using big dye terminator cycle sequencing kit v3.1

on an automated sequencer (ABI 310 Genetic analyzer,

Applied Biosystems, USA).

mRNA Library Preparation and HiSeq 2000

Sequencing

RNA samples were sent to Microarray core facility,

Huntsman Cancer Institute, University of Utah, Slat Lake

City, UT, USA for RNA quality measurement on Agilent

Bioanalyzer 2100, mRNA library preparation and

sequencing. mRNA library was prepared using Illumina�

TruSeq
TM

RNA Sample Preparation Kit (Illumina, USA).

50 cycled single end library sequencing was performed

using HiSeq
TM

2000 sequencing system (Illumina, USA).

Results and Discussion

P. emblica, being a rich source of secondary metabolites of

medicinal importance, proves to be a good candidate to

understand the biosynthesis of metabolites such as flavo-

noids and tannins at gene level. For such molecular studies,

the foremost requirement is isolation of good quality of

nucleic acids, so emphasis was to obtain RNA of high

quality. Several previously published protocols were used
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on this plant but all of them yielded poor RNA in terms of

quality as well as quantity. Although, there were methods

for the isolation of RNA from plants belonging to family

Euphorbiaceae, but either these were very time consuming

such as for latex rich plant, Hevea sp. [19] which could not

be effective for the P. emblica due to the metabolic dif-

ferences in both the plants or combined with commercial

kits to purify the RNA (from Jatropha sp.) [20, 21], which

makes it expensive one. Here, we proposed a cost effective,

less time consuming GTC and phenol based method to

isolate high quality RNA without the use of silica column.

GTC is a strong protein denaturant used to inactivate

RNases [22, 23]. Phenol denatures the proteins and after

centrifugation, proteins precipitate and make a layer at the

interface between the organic and aqueous layers. It has

been reported previously that in low pH environment RNA

degradation is minimum and addition of a high salt con-

centration causes DNA to selectively precipitate at the

interphase [24] along with proteins. CTAB, a strong

detergent, break the plant cell wall and separate proteins

from nucleic acid by making complexes with nucleic acids

in high salt concentration. High salt concentration results

into removal of polysaccharides, proteins and CTAB in a

precipitation or co-precipitation during chloroform

extraction [25]. PVPs role in the removal of secondary

metabolites from nucleic acid preparations has been widely

reported [26] and it also prevents browning effect of

polyphenols [27]. Thus, we have developed a new protocol

with two types of extraction buffers which stabilize the

RNA as well as improve the purity. In this study, we

maintained extraction buffers I and II at acidic pH by the

addition of sodium citrate buffer and acid phenol, respec-

tively, to stabilize RNA. Initially, use of high molar con-

centration of GTC in extraction buffer I resulted in highly

viscous substance and hence RNA recovery was very poor.

To overcome this problem, extraction buffer I was stan-

dardize with less molar concentration of GTC which suc-

cessfully reduces viscosity as well as improved RNA

recovery. Use of high amount of PVP, SDS, and salt in

RNA extraction buffers renders a significant improvement

in both yield and quality of RNA as compared to other

methods such as Chang et al. [15], Ghawana et al. [16] and

RNaeasy� Kit (Qiagen, Germany). The optional step

removes all the colored components and resulted into

colorless aqueous phase. Presence of phenol and SDS in

extraction buffer II also improves the purity of RNA by

removing residual proteins as well as secondary metabo-

lites from aqueous phase. Chloroform: Isoamyl alcohol was

used to remove PVP before addition of extraction buffer II

since PVP is not compatible with phenol. In case of mature

leaves and fruits, enriched with secondary metabolites, 2–3

repetitions were performed with extraction buffer II. To

selectively precipitate RNA, LiCl in addition with ample

amount of absolute ethanol was used, which reduced pre-

cipitation time.

Quantity and Quality of RNA

To illustrate the utility of the method, RNA integrity was

assessed by electrophoresis and spectrophotometer. Dena-

turing formaldehyde–agarose gel showed very poor quality

of RNA isolated by other protocols. The RNA was either

degraded or yield was very low (Fig. 1). Whereas, RNA

isolated by our protocol clearly shows distinct bands of 28S

and 18S rRNA without any degradation and DNA con-

tamination (Fig. 2a). Similarly, small RNA bands were

also intact as compared to other protocols. High quality

RNA without any genomic DNA contamination was

obtained at pH 4.5 while at pH 8.0, high DNA contami-

nation was observed (Fig. 2b). Quantity and purity of RNA

were found to be superior using this method as compared to

previously reported methods (Table 1). A260/280 ratio for

RNA isolated from different plant parts varied from 1.81 to

2.32, far better than the other methods used. Ratio of A260/

230 between 2.18 to 2.33 also indicated high purity of RNA

with very small polysaccharides and phenolic contamina-

tion. A260/280 ratio for RNA isolated by this protocol from

young leaves (2.17), flowers (2.11), and mature leaves

(2.07) are very high as compared to Ghawana et al. [16]

(1.71, 0.80, 0.48), Chang et.al. [15] (1.03, 1.09, 0.32), and

RNeasy� protocol (0.87, 0.32, 0.24). Also, A260/230 ratio for

young leaves (2.31), flowers (2.23), and mature leaves

(2.29) were also very good than other methods (Table 1).

Analysis using Agilent Bioanalyzer 2100 also confirmed

A B C

Fig. 1 Isolation of RNA from different parts of plant, P. emblica,

using the method described by; a Chang et al. [15]; b Ghawana et al.

[16] and c RNeasy� Plant Mini Kit (Qiagen, Germany). YL, FL and

ML stands for young leaf, flower and mature leaf, respectively
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high quality RNA (RIN 8.0) isolated by this protocol

(Fig. 3). RNA samples with RIN greater than 5.0 can be

used for quantitative RT-PCR [28], and greater than 7.0 is

the standard RIN for construction of cDNA libraries [29].

PCR Amplification

cDNA was successfully synthesized using RNA and

reverse transcriptase enzyme. PCR amplification yielded

approximately 530 bp fragments of 26S rRNA (Fig. 4a)

using the cDNA synthesized from various plant tissues.

RACE ready cDNA was prepared and RACE PCR was

performed to amplify 50 and 30 ends of F3H gene using

gene specific primers. Amplicons yielded by 50and 30

RACE PCR (Fig. 4b) were cloned in pGEM-T� easy

vector and sequenced. Sequence data indeed showed that

cloned fragments belonged to F3H gene (data not shown).

mRNA Library Preparation and Sequencing

Large scale transcriptome analysis using high-throughput

sequencing technologies is a widely used approach to study

and compare gene expression between different tissues or

developmental stages of plants. mRNA library was pre-

pared using the RNA isolated by this method and

approximately 20 million 50 cycled single end sequences

were generated using Illumina’s next generation sequenc-

ing platform, HiSeq 2000. The sequences are in process of

bioinformatics analysis for their annotation and further

characterization (data will be published elsewhere).

In summary, the present protocol was used to isolate

high quality RNA from the different parts of P. emblica.

Isolated RNA has shown to be biologically active and

28 S
18 S

18 S
28 S

A B

Fig. 2 a Isolation of RNA from different tissues of P. emblica using

the method described in this study. Ethidium bromide-stained

denaturating agarose gel shows distinct bands of 28S and 18S rRNA

bands with no visible DNA contamination. YL young leaves, ML
mature leaves, Fl flowers, Y Ft young fruit, M Ft mature fruit. b Effect

of extraction buffer pH on RNA isolation from leaf tissues. DNA

band is clearly visible when pH of extraction buffers was maintained

around 8.0

Table 1 Spectrophotometric

analysis of yield and purity of

RNA isolated from various

plant parts using different

protocols

Extraction method Tissue Ratio A260/280 Ratio A260/230 Yield

(lg/100 mg)

New protocol

(present study)

Young leaf 2.17 ± 0.04 2.31 ± 0.04 102 ± 7.12

Mature leaf 2.07 ± 0.02 2.29 ± 0.03 72 ± 4.04

Flower 2.11 ± 0.02 2.23 ± 0.01 88 ± 8.17

Young Fruit 2.21 ± 0.09 2.21 ± 0.02 101 ± 6.81

Mature Fruit 2.17 ± 0.04 2.27 ± 0.08 85 ± 5.65

IHBT protocol

Ghawana et al. [16]

Young leaf 1.71 ± 0.12 0.94 ± 0.07 51 ± 12.84

Flower 0.80 ± 0.06 0.33 ± 0.04 38 ± 11.09

Mature leaf 0.48 ± 0.23 0.41 ± 0.08 32 ± 5.04

CTAB protocol

Chang et al. [15]

Young leaf 1.03 ± 0.36 0.51 ± 0.09 19 ± 2.38

Flower 1.09 ± 0.16 0.23 ± 0.12 28 ± 4.06

Mature leaf 0.32 ± 0.05 0.22 ± 0.08 9 ± 2.53

RNeasy� protocol Young leaf 1.87 ± 0.08 0.81 ± 0.16 31 ± 2.11

Flower 0.32 ± 0.07 0.18 ± 0.03 6 ± 1.18

Mature leaf 0.24 ± 0.17 0.80 ± 0.02 5 ± 2.82

A B

8.0RIN   8.0

Fig. 3 Electropherogram of

RNA generated by Agilent Bio-

analyzer 2100 for a leaf and

b flower. RIN was found to be 8
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suitable for many downstream processes like RT, PCR,

RACE, and library preparation for large scale transcrip-

tome analysis. The developed method is simple, reliable,

and reproducible without any difficulty.
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