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Protocols

Isolation of High Quality DNA and RNA from Leaves
of the Carnivorous Plant Drosera rotundifolia
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Abstract. Drosera rotundifoliabelongs to the family of the sundews, a large group of carnivo-
rous plants that carry stalked glands on the upper leaf surface to attract, trap and digest insects
for food. Therefore, such plants can live in relatively poor ecosystems. They are frequently
used as medicinal herbs and have various other interesting characteristics associated with
them. In attempts to evaluate the gene pool of these plants, we experienced that many pub-
lished protocols for nucleic acid isolation failed to yield DNA and RNA of sufficient quality
for analysis. Therefore, we have developed CTAB (hexadecyltrimethylammoniumbromide)-
based extraction protocols for the routine isolation of high-quality DNA and RNA from small
amounts ofin vitro-grown Drosera rotundifolialeaves. The methods developed are simple,
fast and effective. The obtained DNA could be analyzed by PCR, restriction endonucleases
and DNA gel blotting, and the obtained RNA was of sufficient quality for RT-PCR and RNA
gel blotting.
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Introduction

Carnivorous plants have acquired the unique ability to capture insects on
their leaves and to absorb nutrients from the captured animals. Therefore,
such plants are able to grow in wet ecosystems low in nitrogen, phospho-
rus and possibly sulfur (Juniper et al., 1989; Samaj et al., 1999). The most
widespread genus of carnivorous plants is theDroseraceae(sundews) with
about 125 species on all continents. For various reasonsDroseraspecies are
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Figure 1. Drosera rotundifolia.A. In vitro-grown plantlet with flowers; B. Detail of leaf
showing the stalked glands used for attracting and immobilizing (insect) prey.

becoming rare in nature (Juniper et al., 1989), andin vitro culture methods
may be one of the methods to maintain the potentially valuable gene pool
of such plants (Bobak et al., 1995; Samaj et al., 1999). Until now, about
12 differentDrosera species can be culturedin vitro (Samaj et al., 1999),
of which the relatively smallDrosera rotundifolia(Figure 1A) is one of the
easier species to handle.

In numerous species ofDrosera, secondary metabolites have been demon-
strated to have antimicrobial, antifungal or various medicinal effects (Crouch
et al., 1990; Budzianowski et al., 1993; Samaj et al., 1999). For this reason,
we have become interested in the gene pool ofDrosera. So far, this class
of plants has had little attention from plant molecular biologists. In the pub-
lic sequence databases of May 1999, aDrosera ribosomal DNA sequence
is reported together with some chloroplast-encoded ribulose bisphosphate
carboxylase large subunit sequences, but not a single entry for a nuclear-
encoded gene fromDrosera rotundifoliais available. The isolation of high
quality DNA and RNA is a prerequisite for molecular biological studies of
the gene pool ofDrosera rotundifolia.We experienced that various available
protocols do not work well, or at all, forDrosera leaves. This is likely to be
due to the presence of large numbers of insect-attracting stalked glands on the
upper leaf surface. These glands contain a shining, highly viscous mucilage
(Figure 1B). We here describe the protocols we developed for the isolation of
high quality DNA and RNA from small amounts ofin vitro-grown Drosera
rotundifolia.
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Materials and Methods

Plant material

Drosera rotundifoliaplants were grown on solidified MS medium (Murashige
and Skoog, 1962) containing 2% sucrose without any growth regulator. Plants
were maintained at a day-night regime of 24◦C to 2◦C, under a 16-h photope-
riod using cool white fluorescent lights with a photo flux density of
32 µMm−2 s−1 (400–700 nm) (Bobak et al., 1995) and propagated by leaf
cuttings.

DNA isolation

All solutions are sterilized by autoclaving, unless indicated otherwise.
• Buffer I: 0.35 M sorbitol (Sigma), 0.1 M Tris-HCl, 5 mM sodium-EDTA.

Adjust the pH to 7.5 and sterilize by autoclaving. Just before use, add
1 M sodium bisulfite (Lachema, Brno) to a final concentration 0.02 M.

• Buffer II: 0.2 M Tris-HCl (pH 7.5), 50 mM sodium-EDTA (pH 7.5), 2 M
NaCl, 2% CTAB (w/v) (Sigma).

• 5% sodium N-lauroyl sarcosine (w/v) (Fluka Chemie).
• Chloroform:isoamyl alcohol (24:1).
• TE buffer: 10 mM Tris-HCl (pH 8.0), 1 mM sodium-EDTA (pH 8.0).
• Precipitation mixture: 8 vol. 96% ethanol, 2 vol. 1 M sodium acetate

(pH 5.2).

1. Grind 0.1 g (about 3–5 leaflets) of freshly harvested plant tissue in a
mortar using liquid nitrogen.

2. Transfer the powder to a microfuge tube containing 300µl each of Buffer I
and Buffer II.

3. Shake sample vigorously for few seconds at room temperature.
4. Add 120µl of 5% sodium N-lauroyl sarcosine and shake vigorously

again.
5. Incubate the sample for 15–20 min at 65◦C in a water bath and allow to

cool for 5–10 min at room temperature. The lysate should be clear and
slightly viscous.

6. Extract the lysate with 700µl of chloroform:isoamyl alcohol. Centrifuge
samples in a microcentrifuge at maximum speed (14,000g) for 10 min at
4 ◦C.

7. Transfer the aqueous phase to a new Eppendorf tube. If cloudy instead of
clear, re-extract with chloroform:isoamyl alcohol.
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8. Precipitate DNA by adding 800µl of precipitation mixture. Gently in-
vert the tube several times and let form DNA fibers for 5 min at room
temperature.

9. Pellet the DNA by spinning in a microcentrifuge at maximum speed for
10 min at 4◦C.

10. Wash the pellet twice with 70% ethanol and dry it under vacuum.
11. Dissolve DNA in 50–100µl of TE by heating at 65◦C for 15 min.
12. Remove RNA by adding 1/10 volume of RNase (100µg/ml) and incu-

bating at 37◦C for 30 min.
13. Store DNA at−20 ◦C until use.

DNA analysis

The isolated DNA was analyzed by standard methods for PCR amplification,
restriction enzyme digestion and blotting (Sambrook et al., 1989) to HyBond
(Amersham) membranes.

RNA isolation

All individual solutions used, except Tris-HCl, were prepared with Millipore-
purified water, treated with diethylpyrocarbonate (DEPC) (Sambrook et al.,
1989) and autoclaved, unless indicated otherwise.
• RNA extraction buffer: 2% CTAB (w/v) (Sigma), 2% polyvinylpyrroli-

done K 25 (w/v) (Fluka Chemie), 100 mM Tris-HCl (pH 8.0), 25 mM
sodium-EDTA (pH 8.0), 2.0 M NaCl. Mix and autoclave. Just before
use, addβ-mercaptoethanol to a final concentration of 2% (v/v).

• Chloroform:isoamyl alcohol (24:1).
• 10 M LiCl.
• 3 M sodium acetate (pH 5.2).

1. Pre-warm a microfuge tube containing 700µl of RNA extraction buffer
to 65◦C.

2. Grind 0.1 g of plant tissue in a mortar using liquid nitrogen.
3. Transfer the powder into the pre-warmed tube and shake vigorously.
4. Extract twice with an equal volume of chloroform:isoamyl alcohol, sep-

arating the phases by spinning in a microcentrifuge at 10,000 rpm for
10 min at 4◦C.

5. To the water phase add 0.25 vol. of 10 M LiCl and mix well.
6. Precipitate the RNA at 4◦C overnight.
7. Pellet RNA by spinning at 10,000 rpm, 4◦C for 20 min.
8. Dissolve RNA in 50µl of DEPC-treated water.
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9. Reprecipitate the RNA with 0.1 vol. 3 M sodium acetate (pH 5.2) and
2.5 vol. 96% ethanol by incubating for at least 30 min at−70 ◦C.

10. Pellet RNA by spinning at 10,000 rpm, 4◦C for 20 min.
11. Wash pellet with 70% ethanol.
12. Dissolve the RNA in 30µl of DEPC-treated water. Store RNA at−20 ◦C

until use.

RNA analysis

The isolated RNA was analyzed by standard methods for agarose gel elec-
trophoresis, RT-PCR amplification and denaturing gel electrophoresis fol-
lowed by RNA gel blotting (Sambrook et al., 1989) on Roche nylon mem-
branes.

Results and Discussion

The leaf tissue ofin vitro-grown Drosera rotundifoliais relatively thick, fi-
brous and mucilaginous. Homogenization of tissue directly in the extraction
buffer resulted in considerable decreases of yield, and thus grinding leaf tis-
sue in liquid nitrogen is recommended. The routine isolation of high quality
DNA and RNA fromDrosera rotundifolialeaves turned out to be difficult
due to a variety of contaminating substances. These substances are thought
to originate from the large numbers of stalked glands on the upper leaf sur-
face (Figure 1B) that contain an highly viscous mucilage used to trap and
immobilize (insect) prey.

Various protocols for DNA isolation from (recalcitrant) plants failed to
yield high quality DNA fromDrosera rotundifolialeaves. The protocols eval-
uated were described in: Murray and Thompson (1980), Dellaporta et al.
(1983), Shure et al. (1983), Couch and Fritz (1990), Doyle and Doyle (1990),
Chen et al. (1992) as well as Sul and Korban (1996). The protocol devel-
oped here is a modification of the CTAB method of Fulton et al. (1995)
for the isolation of tomato DNA. The critical change in this DNA isolation
procedure turned out to be in step 4: the detergent sodium N-lauroyl sarco-
sine should be addedafter the tissue is resuspended well in the mixture of
Buffer I and Buffer II. Direct supplementation of extraction buffer with the
detergent resulted in degraded DNA regardless of various modifications in
the composition of both buffers. The average yield of DNA fromDrosera
leaves was estimated by gel electrophoresis with undigested lambda DNA as
standard (Figure 2A) to be about 15µg DNA from 100 mg of plant tissue. The
DNA obtained was intact and of high molecular mass (50 kB or higher; Fig-
ure 2A). Although the final DNA precipitate still tended to have a brownish
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Figure 2. DNA isolation from Drosera rotundifolia. A. ethidium bromide-stained 0.9%
agarose gel of undigested total genomic DNA ofDroseraleaves (Dr), 50 ng undigested lambda
DNA (L; Roche), and the 1 kB DNA ladder (M; Life Techn.); B. ethidium bromide-stained
1.2% agarose gel of a PCR on total genomic DNA fromDrosera(Dr) and tobacco (T), using
tobacco actin primers, and the 1 kB PLUS DNA ladder (M; Life Techn.); C. DNA gel blot
analysis on a 0.9% agarose gel of two isolates of 10µg of total genomic DNA fromDrosera
digested withEcoR I (E) or BamH I (B) and probed with a radiolabelled potato chitinase
clone. The 1 kB DNA ladder (M; Life Techn.) is fortuitously hybridizing as well. For clarity,
the grayscale of the ethidium bromide-stained gels shown in A and B was inverted.

color (supposedly due to remaining traces of polysaccharides, polyphenolics
and/or other contaminants), this did not interfere with further analysis. DNA
isolated according this protocol was successfully used without any further
treatment for PCR amplification (Figure 2B). The Drosera DNA could also
be restricted to completion with restriction enzymes and used for DNA blot
analysis (Figure 2C).

As was the case for DNA isolation protocols, various protocols for RNA
isolation from (recalcitrant) plants also failed to yield high quality RNA from
Drosera rotundifolialeaves. Evaluated was the original guanidium thiocya-
nate-phenol-chloroform extraction method (Chomczinsky and Sacchi, 1987),
as well as the TriZol reagent kit (Life Technologies). The latter works fine in
our hands for the isolation of RNA from tobacco. In addition, a guanidium
chloride method (Sambrook et al., 1989), as well as the methods described
by Baker et al. (1990), Schultz et al. (1994), Herzog (1995) and Venugopolan
and Kapoor (1997) were tested and all were found to fail. Although some pro-
tocols seemed to result in reasonable but diluted RNA, such RNA invariably
gave large, dark brown and water-insoluble pellets upon LiCl precipitation
and resulted in a low yield of degraded RNA. This indicates the abundant
presence of polyphenolics, polysaccharides or other contaminants (Schnei-
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Figure 3. RNA isolation from Drosera rotundifolia. A. ethidium bromide-stained 1.5%
agarose gel of three different Drosera total RNA isolations (Dr) and a potato total RNA
isolate (P); B. RNA gel blot analysis of 10µg Drosera and potato RNA separated on a
1.5% formaldehyde/agarose gel, probed with a radiolabelled potato cDNA clone encoding
a chlorophyll light-harvesting protein; C. RNA gel blot analysis ofDroseraand potato RNA
probed with a radiolabelled pea ribosomal DNA clone; D. ethidium bromide-stained 1.2%
agarose gel of an RT-PCR on two preparations of total RNA fromDrosera(Dr) using tobacco
actin primers, and the 1 kB DNA ladder (M; Life Techn.). For clarity, the grayscale of the
ethidium bromide-stained gels shown in A and D was inverted.

derbauer et al., 1991). The protocol described here is a modification of the
method described by Chang et al. (1993) for the isolation of RNA from pine
trees. The combination of polyvinylpyrrolidon K25 and a high ionic strength
as result of the presence of 2 M NaCl is apparently sufficient to separate the
contaminating compounds present in the Drosera extract from the RNA. The
average yield of total RNA was about 7µg of RNA from 100 mg of leaf tis-
sue. The integrity of theDroseraRNA was apparent upon ethidium bromide
staining in agarose gels (Figure 3A). The RNA was sufficiently pure to be
used for analysis by RNA blotting (Figure 3B,C) or RT-PCR (Figure 3D).

The DNA and RNA isolation procedures developed here confirm that for
each new plant species being studied, isolation protocols have to be adjusted
and optimized (Jones et al., 1997). The procedures described here forDrosera
rotundifolia are simple, rapid, effective and reproducible in different labora-
tories. They can be scaled up as desired. We are currently evaluating the use
of these protocols for other members of theDroseraceaeand other species of
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carnivorous plants. With such protocols, we will be able to analyze and eval-
uate the gene pool of carnivorous plants with the full toolkit of plant mole-
cular biology, such as cDNA and genomic library construction and various
subtractive techniques.
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