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ABSTRACT. Aloe, an important folk herbal drug, includes abundant 
polysaccharides and secondary metabolites, which make it difficult 
to isolate high-quality DNA or RNA. In this paper, one and two 
improved methods were used to isolate the genomic DNA and RNA 
from the leaf of aloe, respectively. The obtained samples presented 
good quality and integrity; thus, they could be further used for many 
downstream molecular experiments. These reported protocols for 
DNA and RNA extraction offered a valuable reference for other 
related studies.
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INTRODUCTION

It is well known that high-quality DNA and RNA extraction is a critical factor in 
molecular biological procedures, such as polymerase chain reaction (PCR), cDNA library 
construction, and Northern blot hybridization. However, extraction of high-quality DNA and 
RNA from some plant tissues (e.g., fruit and seeds) is often difficult because some tissues 
contain high levels of polysaccharides, tannins, polyphenols, and some secondary metabolites 
(Benjamin et al., 1999; Luis and Jesús, 2008; Yan et al., 2009). Currently, several DNA and 
RNA extraction procedures have been developed to overcome the problem (Sassa, 2007; Ding 
et al., 2008), but only a few reports have been used in aloe (Zhao et al., 2008). Moreover, the 
use of some popular commercial kits is often limited for some special plant materials such as 
aloe (Yuan et al., 2005; Pandit et al., 2007; Sun et al., 2009).

Aloe (scientific name is Aloe spp), a genus belonging to the family Aloaceae (www.
ipni.org), is a kind of perennial and evergreen plant. It originated in the dry region of Africa, but 
it is currently distributed throughout the world (Ma et al., 2010). Aloe is rich in many bioactive 
ingredients, and the products explored from it have wide applications in many fields such as 
medicine, health care, cosmetics, and food (Chang et al., 2007; Wang, 2009). According to pre-
vious reports, the studies on aloe were mainly focused on its medicinal components and phar-
macological effects, while studies at the molecular level were rarely reported (Liu et al., 2011).

Therefore, the objectives of this research were to 1) develop simple and effective 
methods to isolate high-quality DNA and RNA from the leaves of aloe in an open-laboratory 
environment, and 2) obtain enough DNA and RNA to be used in downstream experiments.

MATERIAL AND METHODS

Solutions and reagents

Extraction buffer I consisted of 100 mM Tris-Cl, pH 8.0, 50 mM ethylenediamine-
tetraacetic acid (EDTA), 500 mM NaCl, and 2% (v/v) 2-mercaptoethanol (2-ME) (added just 
prior to use). Extraction buffer II contained 2% cetyltrimethylammonium bromide (CTAB), 
1.4 M NaCl, 100 mM Tris-Cl, pH 8.0, 0.5 M EDTA, pH 8.0, and 2% (v/v) 2-ME (added 
before using). Additional solutions or reagents included Trizol [Sangon Biotech (Shanghai), 
Co., Ltd., China], RNAiso Plus [Takara Biotech (Dalian), Co., Ltd., China], polyvinylpyr-
rolidone 40 (PVP 40), 2.5 M potassium acetate (KAc), pH 5.2, isopropanol, 70% ethanol, 
chloroform:isoamyl alcohol (24:1), RNase-free ddH2O, and ethidium bromide. Partial solu-
tions, reagents, and consumables that were used for RNA extraction needed to be treated with 
0.1% diethyl pyrocarbonate (DEPC).

Plant materials

Six Aloe spp, including A. arborescens, A. varavia, A. vera, A. ferox, A. africana, and 
A. saponaria, were collected and conserved in our laboratory. DNA samples were isolated 
from the leaf tissue of the six species, and RNA samples were extracted from the leaf tissue 
of A. arborescens and A. varavia. All collected leaves were first frozen in liquid nitrogen and 
then stored at -20°C before processing.
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DNA extraction

An improved CTAB method was used to isolate DNA from aloe based on the report by 
Doyle and Doyle (1987), and the basal procedures consisted of the following steps.

1) Approximately 1.0 g leaves and small amounts of PVP 40 powder (0.1 g per 1.0 g 
leaves) were ground into fine powder in a liquid nitrogen-chilled mortar.

2) The powder was then immediately transferred to a 2-mL centrifuge tube. Subse-
quently, 1 mL cold extraction buffer I was added to the tube, homogenized quickly by vortex-
ing, and placed at room temperature (RT) for about 10 min. Afterwards, the tube was centri-
fuged at 4°C and 8000 rpm for 10 min.

3) The supernatant was discarded, and the precipitate was suspended in 1 mL pre-
heated extraction buffer II. The mixture was incubated at 65°C at least 1 h with gentle shaking 
occasionally. After incubation, the mixture was centrifuged at 4°C and 8000 rpm for 10 min.

4) The supernatant was carefully transferred to a new 2-mL centrifuge tube, and then 
an equal volume of chloroform:isoamyl alcohol (24:1) was added to the tube and mixed gently 
by inversion for 1 min. The tube was kept at RT for 10 min and centrifuged at 4°C and 10,000 
rpm for 10 min.

5) The aqueous phase was carefully transferred to a fresh 2-mL centrifuge tube, about 
one-tenth the volume of 2.5 M KAc solution, pH 5.2, was added, and the chloroform:isoamyl 
alcohol (24:1) treatment was repeated as stated above.

6) The upper aqueous phase was transferred to another new 2-mL tube and two-thirds 
the volume of ice-cold isopropanol was added. The tube was maintained at -20°C for more 
than 30 min and centrifuged at 4°C and 12,000 rpm for 10 min.

7) The supernatant was removed, and the pellet containing DNA was washed once or 
twice with 70% ethanol and dried under the natural environment.

8) The final DNA precipitate was dissolved in 50 µL sterilized double-distilled water.

RNA extraction

Two improved methods were used to extract RNA from two Aloe spp, including A. 
arborescens and A. varavia. The differences between the two methods were only the key 
reagents, one used Trizol and the other used RNAiso Plus. The two methods were named the 
Trizol method and the RNAiso method. Their procedures were as follows.

1) About 0.1 g aloe leaves was frozen in liquid nitrogen and ground into fine powder.
2) The fine powder was transferred to a 2-mL centrifuge tube, mixed immediately 

with 1 mL Trizol (Trizol method) or RNAiso Plus (RNAiso method), and supplemented with 
200 µL 2-ME and 200 µL 2.5 M KAc buffer, pH 5.2. After being mixed by vortexing, it was 
incubated at RT for 10 min and centrifuged at 4°C and 10,000 rpm for 5 min.

3) The aqueous phase was transferred to a new 2.0-mL tube, and 300 µL 2.5 M KAc 
buffer and an equal volume of chloroform:isoamyl alcohol (24:1) were added. Subsequently, the 
mixture was vortexed, incubated for 10 min at RT, and centrifuged at 10,000 rpm for 10 min.

4) The supernatant was carefully transferred to another new tube, and the 
chloroform:isoamyl alcohol (24:1) treatment was repeated as stated above.

5) The upper aqueous phase was removed and two-thirds the volume of ice-cold iso-
propanol was added to the tube. The tube was kept at -20°C for more than 30 min and centri-
fuged at 12,000 rpm for 10 min at 4°C.
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6) The supernatant was discarded, and the pellet was washed with 70% ethanol once 
or twice and then dried under the natural environment.

7) Finally, the obtained RNA precipitate was dissolved in 30-50 µL sterilized DEPC-
treated water.

Analysis of the quality and quantity of DNA and RNA samples

The quantity and quality of the obtained DNA and RNA were determined by monitoring 
the A260/A280 absorbance ratio with the NanoDrop 2000 spectrophotometer. In addition, 5 μL of 
each sample was used to evaluate the integrity and contamination status by 1% regular agarose 
gel electrophoresis in 1X Tris/borate/EDTA (TBE) buffer and was stained with EB.

RESULTS

Identification of extracted DNA and RNA samples by spectrophotometry

During DNA extraction, the final DNA pellet was white with no visible discoloration. 
However, the final RNA pellet could not be seen during the last phase of RNA extraction, 
which may be caused by few leaves used in the experiment.

The quality and purity of extracted DNA and RNA samples were assessed by spectro-
photometry with 2 mL of each sample. As a result, the A260/A280 absorbance ratios of DNA and 
RNA samples were near to 2.0 (Tables 1 and 2), indicating that the DNA and RNA samples 
that were isolated using these approaches were largely free of protein contamination.

Materials A260 A280 A260/A280 Concentration (ng/μL)

A. arborescens 2.005 0.994 2.02 100.3
A. varavia 2.577 1.206 2.14 128.9
A. vera 2.943 1.397 2.11 147.2
A. ferox 3.925 1.839 2.13 196.2
A. africana 2.154 1.010 2.13 107.7
A. saponaria 2.092 0.985 2.12 104.6

Table 1. Testing results of the DNA samples from different Aloe spp materials by spectrophotometry.

Materials Extraction methods A260 A280 A260/A280 Concentration (ng/μL)

A. arborescens Trizol method 2.139 1.063 2.03   85.5
 RNAiso method 2.748 1.322 2.08 109.9
A. varavia Trizol method 2.122 1.138 1.86   84.9
 RNAiso method 2.334 1.302 1.79   93.4

Table 2. Testing results of the RNA samples extracted from Aloe arborescens and A. varavia materials by 
spectrophotometry.

Identification of isolated DNA and RNA samples by agarose gel electrophoresis

The DNA results are displayed in Figure 1. The extracted DNA possessed good pu-
rity and was free from contamination by polysaccharides and polyphenols. Furthermore, no 
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visible RNA bands existed on these corresponding lanes, which suggested that the RNA was 
completely eliminated.

Figure 1. Genomic DNA extracted from six aloe species was identified by electrophoresis. Lanes 1-6 = Aloe ferox, A. 
arborescens, A. varavia, A. vera, A. africana, and A. saponaria, respectively; lane 7 = λ DNA; lane M = DNA marker.

The RNA results are shown in Figure 2. All of the RNA samples presented good 
integrity because their 28S and 18S electrophoresis bands were quite clear. Thus, these RNA 
samples could be used for related downstream experiments.

Figure 2. RNA from two aloe materials was analyzed by electrophoresis. Lanes 1-4 = Aloe arborescens (Trizol 
method), A. arborescens (RNAiso method), A. varavia (Trizol method), and A. varavia (RNAiso method), 
respectively; lane M = ladder marker.
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DISCUSSION

Many DNA and RNA isolation methods have been developed, such as the improved 
CTAB method, sodium dodecyl sulfate (SDS) method, and a variety of commercial nucleic 
acid purification kits (Yang, 2006; Li et al., 2007). However, for special plants, the extraction 
methods are unsuitable because of the physiological and structural differences of the plant 
itself and the interference of secondary metabolites (Li et al., 2007; Hu et al., 2009). For 
instance, the polysaccharide contents are different in different plants, but their physiologi-
cal and chemical characteristics are similar between different plants. Polysaccharides can be 
precipitated by ethanol or isopropanol. Once the carbohydrates and the DNA or RNA were 
coprecipitated during sample preparation, a large pellet formed at the bottom of the centrifu-
gation tube where the nucleic acid was trapped and not easily dissolved (Chang et al., 1993). 
Therefore, polysaccharides must be removed before the precipitation. To resolve this problem, 
a high concentration salt solution (such as 5 M NaCl and 2.5 M NaAc) and a low concentra-
tion of ethanol (10-30%) are often used (Chang et al., 1993; Pandit et al., 2007; Yang et al., 
2009). At the same time, polyphenols and some secondary metabolites are easily oxidized into 
reddish-brown substances, which can combine irreversibly with nucleic acid in the process of 
extraction. To eliminate them, the addition of some antioxidants such as 2-ME, dithiothreitol 
(DTT) and chelators (i.e., PVP 40) are necessary because of their special effects (Fang, 1999).

A great number of studies revealed that aloe contained abundant polysaccharides and 
secondary metabolites (Bao and Jia, 2009). Khanuja et al. (1999) observed that these second-
ary compounds could hamper DNA isolation and further molecular analysis. Therefore, these 
compounds must be eliminated during nucleic acid isolation.

In this study, PVP 40 and 2-ME were added while pestling the leaf tissues and using 
extraction buffer, respectively. In the following step of DNA and RNA extraction, a high-con-
centration KAc solution (2.5 M, pH 5.2) was added to remove polysaccharides effectively. The 
KAc was added during RNA extraction because it could remove polysaccharides and maintain 
a stable pH value. Yuan et al. (2005) found that the RNA samples were contaminated by DNA 
when the pH value of the extraction buffer was 6.0, and a similar phenomenon was also ob-
served in our experiment (data not shown). According to the quality and quantity results, the 
obtained DNA and RNA samples were not contaminated by organic matters including polyphe-
nols, polysaccharides and protein; this suggested that they were completely removed.

In conclusion, we have successfully isolated high-quality DNA and RNA from aloe 
by improved methods. The extracted DNA and RNA samples could be further used for down-
stream experiments. More significantly, the reported protocols here could be an important 
reference for related studies.
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