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Abstract RNA isolation from hard and woody internodal bamboo (Bambusa balcooa) 
tissue is very difficult due to the presence of secondary metabolites, polysaccharides, 
and polyphenolics. These compounds often co-precipitate with isolated RNA and 
hinder downstream applications. We have developed an efficient, cost effective and 
reproducible RNA isolation method from hard tissue of bamboo internode. This 
protocol includes an additional organic solvent refinement steps to remove 
endogenous phenolic compounds and acidic phenol (pH 4.2) to critically stabilize 
RNA in extraction buffer. In addition to these, two 2M Lithium chloride washing steps 
were introduced to eliminate DNA and polysaccharides contamination. The RNA 
isolated from the present protocol was found to be superior, when compared to total 
RNA extracted by other available protocols. The A260/A280 absorption ratio of the 
isolated RNA was found ranging between 1.89-1.97. The integrity of 28S and 18S 
rRNA was highly satisfactory when analyzed in agarose denaturing gel. RNA was 
further used for RT PCR, northern hybridization, cDNA library and subtractive 
hybridization without any further refinement. 

Keywords: acid phenol, Bambusa balcooa, fiber specific genes, internode, RNA 
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INTRODUCTION 

Bamboos are distinct and fascinating plants, with a wide range of values and uses. It 
may replace wood in many industrial and domestic applications and thereby 
contribute to the saving and restoration of the world’s forests. In tropical countries, 
bamboo plays an important role in economy development and civilization. Beside 
these, bamboos are also enriched with high-quality fiber and today bamboo is 
considered as one of the most important alternative resources of fibers. Therefore the 
characterizations of fiber-specific genes are of great importance for elucidating the 
underlying mechanism of fiber cell elongation and maturation (Arpat et al. 2004; Gou 
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et al. 2007; Luo et al. 2007) and the knowledge may become worthy for translational 
research. Fiber specific genes could be identified through cDNA subtraction 
approaches using RNA isolated from different internodes of bamboo (Bambusa 
balcooa), as the differential expressions of fiber related genes are bamboo’s 
developmental stage specific but till now no suitable protocol for RNA isolation from 
bamboo internodal tissue was reported. 

Isolation of good quality RNA from hard internodal bamboo tissues is troublesome 
and really challenging because it contains high percentage of dead tissue, secondary 
metabolites like cellulose, polysaccharides and phenolic compounds, invariably these 
compounds inhibit extraction of good quality RNA (Loomis, 1974). RNA isolation from 
soft bamboo tissues like shoot and leaf has been reported earlier (Matsui et al. 2004; 

 

 

Fig. 1 Qualitative and quantitative estimation of RNA isolated by present and others 
methods. (a) Total RNA isolated using present protocol from different internodal tissues of 
Bambusa balcooa. RNA (approximately 1.0 µg each) from 2nd; 5th and 10th in Lanes 1, 2 and 3 
respectively were electrophorosed on 1.2% (w/v) formaldehyde denaturing agarose gel. The 
28S and 18S rRNA bands were indicated by arrows. (a1) Electrophoresis of PCR amplified 
GAPDH gene on 1% agarose gel using isolated RNA by present protocol as template (Lane 1); 
cDNA prepared from isolated RNA as template (Lane 2) and genomic DNA of bamboo as 
template (Lane 3). (b) Comparison of total RNA isolated from 5th internode of Bambusa balcooa 
by different method on 1.2% (w/v) formaldehyde denaturing agarose gel. Lanes 1, using present 
method; 2, using method of Chan et al. 2007; 3, using method of Vasanthaiah et al. 2008; 4, 
using method of Chiu et al. 2006; 5, by Trizol Reagent (Invitrogene, cat.# 10296010); 6, using 
method of Weng et al. 2009. (b1) RT-PCR band (GADPH, 476 bp) obtained using RNA isolated 
from 5th internode by different protocols. Lanes 1, using present method; 2, using method of 
Chan et al. 2007; 3, using method of Vasanthaiah et al. 2008; 4, using method of Chiu et al. 
2006; 5, from Trizol Reagent; and 6, using method of Weng et al. 2009. (b2) The GADPH gene 
was detected on northern blot using total RNA isolated from 5th internodal bamboo tissue by 
different methods. Lanes 1, using present method; 2, using method of Chan et al. 2007; 3, using 
method of Vasanthaiah et al. 2008; 4, using method of Chiu et al. 2006; 5, by Trizol reagent; 
and 6, using method of Weng et al. 2009. (c) A representation of subtraction cDNA library 
constructed using RNA from 2nd and 10th internode of bamboo. PCR amplifications of inserts 
obtained from different subtractive cDNA clones using SP6 and T7 primers. PCR products were 
run with a 100 bp marker (Bangalore Genei, cat.#105993) in a 1.0% agarose gel. 
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Chiu et al. 2006; Weng et al. 2009), also there were few protocols describing RNA 
isolation from woody tissue (Chang et al. 1993; Chan et al. 2007; Vasanthaiah et al. 
2008) but all these methods were found to be unsuitable for extracting high quality 
total RNA from bamboo’s hard internodes.  

In addition to these there are several commercial kits available for RNA isolation. 
These kits also failed to give satisfactory results. To overcome these failures a new 
RNA isolation method from internode tissue of bamboo (Bambusa balcooa), an 
important bamboo species known for its high quality fiber (Bhatt et al. 2003; 
Bhattacharya et al. 2010) is described in this study.  

MATERIALS AND METHODS 

Samples of fully developed bamboo (Bambusa balcooa) aging around 10-15 years 
were collected from Regional Plant Resource Centre (RPRC) Bhubaneswar, Orissa, 
India. The internodal tissues (2nd, 5th and 10th from apex), leaves and rhizome were 
collected and transfer immediately to dry ice. On arrival to the laboratory they were 
stored in -80ºC until extraction. 

Solutions required 

- Extraction Buffer: 0.25 M NaCl, 0.05 M Tris-HCl (pH 7.5), 0.02 M EDTA, 1% (w/v) 
SDS, 2% 2-mercaptoethanol. 

- DEPC-treated water (0.1%). 

- 2 M and 8 M LiCl. 

- 70% and absolute ethanol. 

- 3 M NaOAc; pH 5.2. 

- 10% SDS. 

- Phenol (pH 4.2):Chloroform:isoamylalcohol (25:24:1; V/V). 

- Chloroform:isoamylalcohol (24:1; V/V). 

- 5 M NaCl. 

- 0.5 M EDTA; pH 8.0. 

- 1 M Tris-HCl; pH 7.5. 

All aqueous solutions, except Tris-HCl were treated with DEPC and autoclaved 
(Sambrook et al. 2001). Tris-HCl was prepared using DEPC treated autoclaved water.  
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RNA extraction protocol 

1. Prepare 15 ml of extraction buffer in 50 ml tube for a single extraction. Use 5-7 ml 
extraction buffer for 1 gm sample. 

2. Grind 1.0 gm frozen bamboo sample (internodes, leaves and rhizome) to fine 
powder with a mortar and pestle in liquid nitrogen. 

3. Transfer 1.0 gm of ground sample to a tube containing the extraction buffer. 
Incubate at RT for 30 min, vortex in every 5 min. 

4. Add choloroform: isoamyl alcohol (24:1) in equal volume. Vortex for 5 min. 

5. Centrifuge at 11000-12000 g for 10 min at room temperature and transfer the 
supernatant to a new 50 ml tube. 

6. Add equal volume of phenol:chloroform:isoamyl alcohol (25:24:1) and vortex for 5 
min.  

7. Centrifuge at 11000-12000 g for 10 min at RT and transfer supernatant to a new 50 
ml tube. Repeat this step until clean interface observed. 

8.  Add choloroform:isoamyl alcohol (24:1) in equal volume, vortex for 5 min. 

9. Centrifuge at 11000-12000 g for 10 min at RT. 

10. Transfer the supernatant to a new 50 ml tube, add one tenth volume of 3 M 
NaOAc (pH 5.2) and 2.5 volume of chilled absolute ethanol, mix well, and incubate at 
4ºC for 2-3 hrs.  

11. Recover the nucleic acids by centrifugation at 12,000 g for 30 min at 4ºC. 

12. Discard the supernatant and resuspend the pellet in 750 µl of RNase free water, 
transfer it into a centrifuge tube and add 250 µl of 8M LiCl (so that the final 
concentration of LiCl becomes 2 M). Incubate these tubes at 4ºC for overnight. 

13. Centrifuges at 17000 g for 30 min at 4ºC. 

14. Wash the pellet twice with 2 M LiCl by centrifugation at 17000 g for 10 min at 4ºC. 

15. Wash the pellet with 70% (v/v) ethanol by centrifugation at 17000 g for 5 min at 
4ºC. 

16.  Wash the pellet with absolute ethanol by centrifugation at 17000 g for 2 min at 
4ºC. 

17. Air-dry the pellet for 5-10 min. 



Isolation of total RNA from hard bamboo tissue rich in polyphenols and polysaccharides for gene expression studies 

5 

18. Add 50 μl DEPC-treated water to suspend the pellet. 

Estimation of RNA quality 

The isolated RNA was quantified by OD measurement in spectrophotometer (Cecil; 
CE2501) with 100 times dilution. OD was taken at 230 nm, 260 nm and 280 nm. In 
order to verify RNA integrity isolated RNA was subjected to 1.2% agarose 
formaldehyde denaturing gel electrophoresis. Gel was then stained with EtBr and 
visualized under UV light. 

Check for DNA contamination  

Presence of DNA contamination in isolated RNA was examined (Oñate-Sanchez and 
Vicente-Carbajosa 2008; Singh et al. 2009) cDNA synthesis was performed using first 
strand cDNA synthesis kit (Fermentas; Cat# K1612) as per Kit’s instruction followed 
by PCR amplification of GAPDH gene using gene specific primers. In negative 
control, reverse transcriptase was substituted by RNase-free water. In the positive 
control, genomic DNA isolated from bamboo was used in place of RNA.  

First strand cDNA synthesis and PCR 

Single stranded cDNA was prepared from 2.5 µg total RNA using first strand cDNA 
synthesis kit (Fermentas; cat#K1612), following the manufacturer’s instructions. The 
synthesized cDNA was used for GAPDH (Glyceraldehyde 3-phosphate 
dehydrogenase) gene amplification using gene specific primers; forward primer (5’ 
CAAGGTCATCCATGACAACTTTG 3’) and reverse primer (5’ 
GTCCACCACCCTGTTGCTGTAG 3’). PCR cycles were as follows; DNA denaturing 
at 94ºC for 2 min, followed by 25 cycles of 30 sec at 94ºC, 30 sec at 58ºC and 45 sec 
at 72ºC followed by an extension of 72ºC for 5 min. The amplified products were 
separated on a 1.0% agarose gel and visualize after EtBr staining. 

Northern blot analysis 

Total RNA (5 µg) isolated from bamboo 5th internodal tissue using new protocol and 
other methods (Chiu et al. 2006; Chan et al. 2007; Trizol reagent; Vasanthaiah et al. 
2008; Weng et al. 2009) were subjected to electrophoresis on a 1.2% agarose gel 
containing 0.66 M formaldehyde, and then transferred to a IMMOBILON-NY+ 
membrane (Cat# INYC00010; Millipore, Billerica, MA, USA) by capillary action in 10X 

Table 1. RNA isolated using present protocol from 2nd, 5th and 10th internodes of bamboo. 

Different tissues 
from B. balcooa 

O.D.260 O.D.280 O.D.230 260/280 260/230 Conc. 
(µg/µL) 

Yield 
(µg/gm) 

2nd Internode 0.528 0.276 0.262 1.91 2.01 2.112 84.48 

5th Internode 0.584 0.296 0.307 1.97 1.90 2.336 93.44 

10th Internode 0.496 0.262 0.236 1.89 2.10 1.984 79.36 
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SSC (1X of SSC is 0.15 M NaCl, 15 mM Sodium citrate) overnight and immobilized by 
UV-cross-linking (Sambrook et al. 2001). Bamboo RNA isolated using different 
methods were specifically hybridized with P32 labelled GAPDH gene probe 
synthesized using random primer labeling kit (NEB; Cat# N1500S), at 65ºC overnight, 
then after successive washing, northern blot was developed and autoradiographed 
using Phosphor imager (FujiFilm). 

Subtraction cDNA library construction 

RNA samples were isolated from 2nd and 10th internode of bamboo (Bambusa 
balcooa) by this new approach were used for cDNA subtraction library construction 
following the instructions described in PCR select cDNA subtraction Kit (Clonetech; 
Cat# 637401). 

RESULTS AND DISCUSSION 

Total RNA extracted from hard bamboo tissue (2nd, 5th and 10th internodes) using the 
new protocol discussed above produced two distinct rRNA bands (28 S and 18 S) and 
showed no DNA contamination in agarose-formaldehyde denaturing gel; further 
A260/280 and A260/230 ratios were found ranging from 1.89-1.97 and 1.9-2.10 
respectively, indicating presence of no protein, salt and solvent as contaminants 
(Figure 1a, Table 1). No DNA contamination was detected in the isolated RNA 
sample. There was no PCR amplification of GAPDH gene when isolated RNA was 
used as template (Figure 1a1, Lane 1) while discrete GAPDH specific bands were 
obtained in cases when bamboo genomic DNA (Figure 1a1, Lane 2) and cDNA 
fragment isolated from RNA sample (Figure 1a1, Lane 3) were use as templates in 
PCR reactions. Moreover present protocol also yields quality RNA from bamboo 
leaves and rhizome (data not shown). RNA extracted using the current method was 
found to be superior when compared to RNA isolated by other methods (Figure 1b, 
Table 2) in terms of their purity, integrity, quantity and downstream applications. A 
discrete RT-PCR band of GAPDH (Glyceraldehyde 3-phosphate dehydrogenase) was 
obtained in case of RNA isolated from 5th internodal tissues of Bambusa balcooa by 
the present protocol (Figure 1b1) as compared to very faint RT-PCR bands of GAPDH 
obtained from RNA isolated from 5th internode by other methods. This data was again 
verified using northern blot analysis of total RNA. RNA (5 µg) isolated from bamboo 
5th internodal tissue using present protocol and other methods were subjected to 
northern blot analysis. Distinct GAPDH-band was detected in case of RNA isolated by 
the present method while in other cases very faint bands were detected (Figure 1b2). 

Table 2. RNA isolated from 5th internode of B. balcooa using other protocols. 

METHOD O.D.260 O.D.280 O.D.230 260/280 260/230 Conc. 
(µg/µL) 

Yield 
(µg/gm) 

Chan et al. 2007 0.288 0.180 0.136 1.60 2.12 1.152 46.08 

Vasanthaiah et al. 
2008 0.028 0.022 0.016 1.27 1.75 0.112 4.48 

Chiu et al. 2006 0.198 0.120 0.104 1.65 1.90 0.792 31.68 
Trizol reagent 0.068 0.038 0.034 1.79 2.0 0.272 10.88 

Weng et al. 2009 0.054 0.038 0.030 1.42 1.80 0.216 8.64 
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Intensities of northern bands were quantified using the software (Multi Gauge Ver. 
2.2) attached to the Imaging system and the ratios were found 
8.58:6.67:1:3.41:4.38:1.29 (Present method: Chiu et al. 2006; Chan et al. 2007; 
Vasanthaiah et al. 2008; Trizol Kit; Weng et al. 2009 respectively). RNA isolated by 
present acid phenol method was also used for construction of several subtractive 
cDNA libraries. One such library was constructed using RNA extracted from tissues of 
2nd and 10th internode of bamboo (Bambusa balcooa) following the instructions 
described in PCR select cDNA subtraction kit (Clonetech; Cat# 637401). This library 
showed a wide range of clones with insert size varying from 0.1 kb to 2.0 kb having 
percentage distribution of inserts as follows; between 0-0.5 Kb (55.6%), 0.5-1.0 Kb 
(37.3%), 1.0-1.5 Kb (5.06%) and 1.5-2.0 Kb (2%) respectively (Figure 1c). All these 
results clearly indicate that the RNA isolation protocol described here has immense 
potential for extracting high quality RNA from hard bamboo internodes.  

The present method is simple, fast, cost-effective and highly reproducible. There were 
several key points to be taken under consideration when formulating the present acid 
phenol method. The phenol used in the present protocol was acidic in nature (pH 4.0-
5.5). RNA molecules are usually found stable in a pH range of 5.0 to 6.0. High pH 
(>7.5) and presence of divalent cataions favored the hydrolysis of phosphodiester 
bonds present in RNA (Wiame et al. 2000). In the present method, EDTA was used to 
sequester bivalent cataions like Mn+2 or Mg+2. Acidic phenol and EDTA render more 
RNA stability by inhibiting degradation of RNA phosphodiester bonds in presence of 
bivalent cataions. One extra chloroform-isoamylalcohol purification step was included 
prior to phenol:chloroform:isoamylalcohol (25:24:1) step to remove endogenous 
phenolic compounds specifically followed by phenol:chloroform:isoamylalcohol 
(25:24:1) step which confirmed more efficient removal of protein during RNA 
preparation. Guanidium isothiocyanate and polyvinyl pyrolidone widely used for plant 
RNA isolation. These reagents were not used in the present protocol as the lysates 
obtained were found to be contaminated with a significant extent of cellular 
polysachharide and proteoglycans. These contaminations are reported to prevent 
suspension of RNA after precipitation with alcohol and thus inhibiting further 
downstream processes (Groppe and Morse, 1993). Present acid phenol method thus 
avoids the use of guanidium isothiocyanate and polyvinyl pyrolidone guanidium 
isothiocyanate. 

The present new method with its potential can thus be used successfully for 
deciphering the genome architecture of this golden plant, bamboo, using functional 
genomics approaches. 
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