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Abstract: Ribonucleic acid (RNA) quality and integ-
rity are crucial for many studies in plant molecular biology. 
High-quality RNA extraction from plants with high levels of 
compounds such as polysaccharides, polyphenols, and other 
secondary metabolites are problematic. RNA extraction from 
Lemon balm tissues can be difficult due to the presence of 
polyphenolic and polysaccharide compounds or can be done 
by expensive protocols. This study shows improvement of 
a CTAB-based protocol which allows rapid and easy isola-
tion of high-quality RNA from Lemon balm plant. The RNA 
obtained is suitable for cDNA synthesis and RT-PCR experi-
ments. 
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CTAB protokol za ekstraskcijo RNK iz melise (Melissa offici-
nalis L.)

Izvleček: Kakovost in ohranjenost ribonukleinske kisline 
(RNK) sta bistveni za mnoge raziskave v molekularni biologiji 
rastlin. Visoko kakovostni izvlečki RNK iz rastlin z veliko vseb-
nostjo spojin kot so polisaharidi, polifenoli in drugi sekundarni 
metaboliti so problematični. Ekstrakcija RNK iz tkiv melise je 
lahko težavna zaradi prisotnosti polifenolov in polisaharidov 
ali pa je lahko narejena le z dragimi protokoli. Raziskava pred-
stavlja izboljšanje protokola na osnovi CTAB, ki omogoča hitro 
in enostavno izolacijo kvalitetne RNK iz melise. Pridobljena 
RNK je primerna za cDNK sintezo in RT-PCR poskuse. 
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1 INTRODUCTION

The extraction of high quality ribonucleic acid 
(RNA) is an important step for many studies in plant 
molecular biology, such as northern blotting, microar-
ray hybridization, both targeted real-time PCR (RT-
qPCR) analysis and next generation sequencing (NGS) 
(Gambino et al., 2008; Guerriero et al., 2016). Extraction 
of RNA in sufficient quantity and quality from the tis-
sues of aromatic, woody, and aquatic plants is particu-
larly challenging, because of high levels of compounds 
such as polysaccharides, polyphenols, and other sec-
ondary metabolites (Gambino et al., 2008; Jordon-
Thaden et al., 2015). Phenolic compounds form high 
molecular weight complexes tend to co-precipitate with 
RNA by binding to nucleic acids and polysaccharides in 
the presence of alcohols. Hence, they contaminate the 
final extract and interfere with subsequent applications 
(Gambino et al., 2008). 

Conventional protocols for RNA isolation usually 
involve the use of detergents, such as cetyl trimethyl 
ammonium bromide (CTAB) or sodium dodecyl sul-
phate (SDS), denaturing organic solvents (phenol and 
chloroform), reducing agents (β-mercaptoethanol and 
dithiothreitol), or denaturing agents (guanidinium 
isothiocyanate salts) (Gambino et al., 2008). Methods 
involving CTAB, initially were developed for pine tree 
tissues (Chang et al., 1993) and subsequently used to 
extract RNA from a wide range of polysaccharide- and 
polyphenol-rich plant tissues (Iandolino et al., 2004; 
Meisel et al., 2005; Gambino et al., 2008).

Lemon balm is one of the oldest and widely used 
medicinal plant in the mint family (Lamiaceae), native 
to Southern Europe, Mediterranean region and north-
ern Iran (Döring et al., 2014; Jalal et al., 2015). It is a 
perennial herb and a rich source of natural antioxidants 
(Saraydin et al., 2012). Reports indicated that lemon 
balm had many beneficial effects such as anti-oxidant, 
anti-bacterial, anti-viral, anti-inflammatory, sedative, 
mnemonic improvement, reducing excitability, anxiety, 
stress, gastrointestinal disorders and sleep disturbance. 
However, the mechanisms underlying these medicine 
effects remain largely unknown (Jalal et al., 2015).

Nutritional efficacy testing, based on selected bio-
marker approaches, do not provide global information 
while application of microarrays and high-throughput 
qPCR allows quantification of a large number of bio-
markers, and consequently enables evaluation of the 
global effects of nutrients on cells (Jun et al., 2012). 
Hence, a clean and intact RNA is important for func-
tional genomic studies (Rubio-Piña & Zapata-Pérez,  
2011). 

The aim of this study was to develop an optimized 

CTAB-based protocol, to reduce the time and cost of 
extraction without reducing quality and yield of RNA 
from polyphenolics and polysaccharide-rich tissues of 
old lemon balm.

2 MATERIALS AND METHODS

2.1 PLANT SPECIES USED

Leaf tissues was collected from 3 months old 
lemon balm plant (Agricultural and  Natural Resourc-
es  and  Education  Center, West Azerbaijan, Iran) and 
frozen in liquid nitrogen. Then, leaf samples were trans-
ferred to -80 °C until analyses. Total RNA was extracted 
with TRIzol (Sigma Alderich), RNX- plus (Sina Clone) 
and (CTAB)-based protocol.

2.2 NUCLEIC ACID EXTRACTION

2.2.1 (CTAB)-based protocol 

2.2.2 Reagents

Extraction buffer: 2 % (w/v) CTAB (hexadecyltri-
methylammonium bromide), 0.1 M Tris-Hcl (pH: 8), 
1.4 M NaCl, 20 mM EDTA (pH: 8), 2 % PVP (polyvi-
nylpyrrolidone), BME (β-mercaptoethanol) (to a final 
concentration of 10 % (v/v), added right before use).

Sodium acetate 3 M (pH: 5)
Chloroform/ IAA (isoamyl alcohol) (24/1)
Phenol/ chloroform/ isoamyl alcohol (25/24/1)
70 % ethanol 
RNA/RNase-free water 
DNase inactivation reagent 
Liquid nitrogen in a Dewar flask 
Equipment list
Water bath at 65 °C 
Vortexer 
24-place centrifuge cooled to 4 °C 
Incubator at 37 °C with orbital shaker 
Procedure 
1- About 80-100 mg of leaf tissue was ground to a 

fine powder using liquid nitrogen and transferred into 
a 2 ml centrifuge tube. Then, 900 µl of extraction buffer 
and 100 µl of β-mercaptoethanol were added. The mix-
ture was shaken for 30 s and then incubated at 65 °C 
for 10 min, inverting the tube 3-4 times every now and 
then during incubation.

2- Then, 800 µl of chloroform was added. The mix-
ture was shaken for 30 s and centrifuged at 12000 rpm 
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for 10 min at 4 °C. The supernatant was transferred to 
a new tube. 

3- 800 µl of phenol/chloroform/ isoamyl alcohol 
(25/24/1) was added and shaken for 1 min. Then, the 
mixture was centrifuged at 12000 rpm for 15 min at 
4 °C (this step was repeated twice).

4- The supernatant was transferred to a new tube 
and an equal volume of chloroform/isoamyl alcohol 
(24/1) was added. Samples were shaken for 30 s and 
centrifuged at 12000 rpm for 10 min at 4 °C.

5- The final supernatant was transferred to a new 
tube. 1/10 volume of sodium acetate (3 M, pH: 5) and 
equal volume of cool isopropanol were added to the 
tube, then kept at -20 °C for at least 1 h. Next, the sam-
ples were centrifuged at 13000 rpm for 15 min at 4 °C.

6- The pellets were successively washed with 70 % 
ethanol for one or two times. After a short drying time 
at room temperature, the pellets were dissolved in 20-
50 µl of DEPC water.

7- Finally, 1 µl of DNase enzyme was added and 
incubated at 37 °C for 30 min. 

2.3 ESTIMATION OF RNA QUALITY

The purified RNA was measured by spectropho-
tometric analysis (Nanodrop 2000c; Thermo Fisher Sci-
entific, Waltham, USA). Contamination due to proteins 
and phenol/carbohydrates was determined by record-
ing the OD ratios; A260/280 and A260/230, respectively. In 
order to verify RNA integrity, extracts were fractioned 
by electrophoresis in a 1.5 % agarose gel, stained with 
ethidium bromide and visualized in a gel documenta-
tion system (InGenius3, Syngene, UK).

2.4 RT-PCR

Single-stranded cDNA was synthesized from 
500 ng total RNA using reverse transcriptase and oligo 
(dT), following the manufacturer’s protocol (Thermo 
Scientific). The synthesized cDNA was used in a PCR 
reaction in order to estimate the expression level of the 
tubulin gene using following primers: Tubulin-FWD:  
5´-GCTTTCAACACCTTCTTCAGTG-3´and Tubulin 
REV: 5´-CTTTCTCAGCTGAGATCACTG G-3´.

3 RESULTS AND DISCUSSION

3.1 ESTIMATION OF RNA QUALITY

The isolation of high-quality RNA from enrich 

polysaccharides and polyphenols plant tissues is quite 
challenging (Liao et al., 2014). Lemon balm leaves 
contain secondary metabolites such as, polyphenolic 
acid (rosmaric acid, trimeric compounds and some 
flavonoids), terpenoids, carboxylic acid, essential oils, 
various sugars, golden and pectic materials (Jafarpour 
& Fard, 2016) which affect the quality of the isolated 
RNA. The biosynthesis of secondary metabolites in 
plants is influenced by season harvesting, growing re-
gion, agronomic conditions and type of processing 
(Wahby, 2016). Therefore, RNA extraction from lemon 
balm tissues can be difficult due to the presence of these 
compounds. Polyphenolic compounds (particularly 
tannins) are readily oxidized to form quinones, which 
bind irreversibly to nucleic acids and proteins, and may 
decrease RNA yield, as well as inhibit PCR amplifica-
tion (Shu et al., 2014). In contrast, polysaccharides can 
co-precipitate and degrade RNA, constitute the major 
obstacle of RNA isolation in low ionic strength buffers, 
and cause the browning effect and make RNA difficult 
to be dissolved (Shu et al., 2014). In addition, these 
interfering chemicals severely interfere with RNA-de-
pendent RT and DNA polymerases and cause the RT-
PCR to fail. Thus, these contaminating substances must 
be eliminated during RNA isolation (Hou et al., 2011; 
Ouyang et al., 2014; Sabzevari & Hosseini, 2014). In this 
case, successful isolation of intact RNA from tissues 
rich in polysaccharides and polyphenolic compounds, 
is a basic requirement for many molecular studies 

Figure 1: (A): Ethidium bromide agarose gel (1.5 % (w/v)) 
was used to separate total RNA and (B): pellet of RNA 
extracted from leaf tissues of three months old lemon balm 
plant by (a) CTAB; (b) TRIzol and (c) RNX-Plus.
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(Hunter & Reid, 1999; Martínez-Fuentes et al., 2015). The 
currently commercial kits such as RNeasy, BioZOL and 
BIOLINE are simple, rapid, non-toxic with good yields of 
high-quality RNA from plant tissues, but too expensive. 
Moreover, successful RNA extraction by RNX- Plus and 
TRIzol from lemon balm plant has only been reported 
in seedling stage and explants grown in solid MS medi-
um, respectively (Kim et al., 2011; Nasiri-Bezenjani et al., 
2014). Upon this status, we tested three different methods 
(modified CTAB, TRIzol and RNX- Plus) to evaluate the 
best and effective RNA extraction method from 3 months 
old lemon balm plant.

In current study, evaluation of quality and quantity 
of total RNA isolated from three different protocols was 
done by agarose denatured gel (Figure 1a) and nanodrop 
(Table 1), respectively. The CTAB method already showed 
a much better RNA quality than TRIzol and RNX-Plus 
methods by only visualizing the pellet. The RNA pellet 
appeared in white color in CTAB method while TRIzol 
and RNX-Plus methods produced brown colored pellet 
(Figure 1b). The brown color indicates the presence of 
carbohydrates, proteins and phenolic compounds mixed 
with the extracted RNA (Rubio-Piña & Zapata-Pérez, 
2011). In the CTAB method, brown color and contamina-
tion (phenolic compounds) were reduced by addition of 
PVP and high concentrations of β-mercaptoetanol in the 
extraction buffer. The PVP strongly binds to the polyphe-
nol compounds through hydrogen bonds, and removes 
phenolic compounds and secondary metabolites from 
nucleic acid, also preventing browning effect of polyphe-
nols (Rubio-Piña & Zapata-Pérez, 2011; Shu et al., 2014). 
The strong reductant β-mercaptoetanol is conventionally 
used at 10 % (v/v) to inhibit RNase activity and prevent 
any possible oxidation reactions (Ouyang et al., 2014). On 
the other hand, chloroform: isoamyl alcohol is used to 
eliminate remaining phenolic compounds and PVP from 
solution (Shu et al., 2014; Martínez-Fuentes et al., 2015). 
Total RNA isolated by modified CTAB and RNX- Plus 
method showed two bright bands (28S rRNA and 18S 
rRNA). However, the gel electrophoresis result of TRIzol 
method revealed no production of clear and bright RNA 
band, indicating low quantity of RNA. 

The A260/230 ratio detected below 0.6 in both TRIzol 
and RNX-Plus methods (Table 1), representing high con-

tamination with phenolic compounds or polysaccharides 
and very low molecular grade of RNA (Martínez-Fuentes 
et al., 2015). It is important to note that RNA solution with 
A260/280 and A260/230 ratios of 1.8~2.0 corresponds to a high 
quality (Hou et al., 2011; Martínez-Fuentes et al., 2015). 
However, CTAB based method produced highly purified 
RNA with A260/280 and A260/230 ratios of 1.96 and 1.80, re-
spectively (Table 1).

3.2 RT-PCR

RNA sample extracted by the improved CTAB meth-
od, was further characterized with RT-PCR using tubulin 
primers. The results showed amplification of an expected 
fragment of approximately 750 bp (Figure 2), suggesting 
high quality of extracted RNA at the molecular level. Due 
to RNA contamination, reverse transcriptase enzyme will 
fail to produce cDNA, which consequently, RT-PCR could 
result in failure to amplify the target sequence (Sabze-
vari & Hosseini, 2014). Thus, the successful synthesis of 
the first-strand cDNA and PCR amplification (Figure 2) 
clearly shows that the RNA is free of contaminants. 

4 CONCLUSION

Our results demonstrated that, modified CTAB 

Method A260/280 value A260/230 value
CTAB 1.96 1.80
TRIzol 1.52 0.54
RNX-Plus 1.67 0.38

Table 1: Quality of total RNA isolated from three months old 
leaves of lemon balm based on three different protocols

Figure 2: RT- PCR product with tubulin specific primers us-
ing total RNA isolated from leaves of three months old lemon 
balm plant based an CTAB method. Lane 1: 50 bp DNA ladder 
(Thermo Fisher Scientific), Lane 2: 750 bp amplified Tubulin 
gene.
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protocol extracted highly qualified RNA from lemon 
balm old leaves compared to other tested methods. The 
method is cost effective and may be simply used as an 
alternative method for RNA isolation from recalcitrant 
plant tissues.
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