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Abstract The high polysaccharide content of some plant

species hinders the successful isolation of their DNA. As an

alternative to the macro-extraction methods previously

published for polysaccharide-rich plants, we present two

techniques (STE/CTAB and HEPES/CTAB), which are

performed in microcentrifuge tubes. These protocols are

suitable for small amounts of silica gel-preserved plant

tissue such as are commonly available from endangered

plants. The critical step to remove polysaccharides was

performing initial washes in either STE (0.25 M sucrose,

0.03 M Tris, 0.05 M EDTA) or HEPES (2% b-mercap-

toethanol, 0.2% PVP, 0.1 M HEPES, pH 8.0) buffer. Pre-

cipitating the DNA at room temperature with isopropanol

also aided in decreasing polysaccharide co-precipitation. Of

the two protocols we present the STE/CTAB method has the

advantages of being more cost-effective and avoiding the

use of the hazardous chemical b-mercaptoethanol.

Keywords Dactylanthus � DNA extraction � Entelea �
Malvaceae � Mucilage � Polysaccharide

Obtaining DNA is the essential first step for many genetic

studies. Many plant species present a variety of problems

when attempting to isolate DNA, with polysaccharides one

of the most frequently encountered problems (Varma et al.

2007). The high viscosity of polysaccharides causes

pipetting difficulties, and they hinder downstream appli-

cations by interfering with the activity of enzymes such as

restriction endonucleases, ligases and polymerases (Fang

et al. 1992).

Our initial attempts to extract DNA from both fresh and

silica gel-dried leaf tissue of the endemic New Zealand

plant Entelea arborescens (Malvaceae) using a modified

cetyl trimethyl ammonium bromide (CTAB) method

(Doyle and Doyle 1990) that we had used with numerous

other plant species were unsuccessful. Incubation in CTAB

extraction buffer (2% CTAB, 1% PVP, 1.4 M NaCl,

100 mM Tris–HCl pH 8.0, 20 mM EDTA pH 8.0) pro-

duced an extremely viscous solution that was difficult to

pipette and separate from the powdered leaf tissue. This

solution would not homogenize with chloroform, even with

vortexing. Attempts to obtain DNA from E. arborescens

using a Qiagen DNeasy Plant mini kit were also unsuc-

cessful. The Malvaceae is particularly known for contain-

ing species high in polysaccharides (Bayer et al. 1999) but

they are also present in many other plant families,

including the Brassicaceae (Kaufman et al. 1999), Faba-

ceae (Ribeiro and Lovato 2007), Asteraceae (Michiels et al.

2003), cacti (de la Cruz et al. 1997) and conifers (Crowley

et al. 2003). In many species polysaccharides only become

apparent when they co-precipitate with DNA following the

addition of alcohol during later stages of the DNA

extraction process (Cota-Sánchez et al. 2006). In contrast,

polysaccharides were a problem during the first step of

E. arborescens DNA extractions. Therefore, a successful

extraction protocol for this species needs to first begin by

removing these polysaccharides.

A number of DNA extraction methods have been

developed to avoid the co-precipitation of polysaccharides,

with the use of high concentrations of NaCl and/or CTAB

popular (Varma et al. 2007). However, many of these

methods use large quantities (C1 g) of fresh plant tissue

(e.g., de la Cruz et al. 1997; Kaufman et al. 1999; Michiels
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et al. 2003; Remya et al. 2004). Therefore, they are

impractical when only small amounts of plant tissue are

available; e.g., from threatened taxa or particularly small

plants. Many of these methods also use large volumes of

reagents (e.g., de la Cruz et al. 1997; Kaufman et al. 1999;

Crowley et al. 2003; Michiels et al. 2003; Ghosh et al.

2009), thus increasing costs and necessitating the use of an

ultracentrifuge. It is also often desirable to extract DNA

from preserved samples, such as those collected in the field

from distant locations, rather than from fresh tissue.

We aimed to develop an inexpensive, small-scale (i.e.,

performed in microcentrifuge tubes) method for isolating

DNA from silica gel-dried leaf material containing poly-

saccharides. We started by scaling down a number of

existing macro-extraction methods developed for polysac-

charide-rich plants, as well as trialling the micro-scale

sorbitol method of Drábková et al. (2002). These protocols

were tested on Entelea arborescens, a species that is

threatened in southern parts of its range (Sawyer 2004).

Silica gel-dried young leaf tissue was prepared for use

with all methods using step 1 in Table 1. The scaled down

methods of Barnwell et al. (1998), Remya et al. (2004) and

Sharma et al. (2002), and the sorbitol method of Drábková

et al. (2002), yielded little or no DNA. We also trialled two

methods (Tables 1 and 2), both of which use initial wash

steps, followed by a modified CTAB protocol: the STE/

CTAB method, with an STE wash step modified from

Kaufman et al. (1999); and the HEPES/CTAB method with

a HEPES wash step adapted from Setoguchi and Ohba

(1995). Using these two methods we were able to suc-

cessfully isolate significant amounts of DNA from Entelea

arborescens (Table 3). However, for both methods the

DNA extracts were viscous, and the A260/230 absorbance

ratios were low (Table 3) indicating that contaminating

polysaccharides had not been completely eliminated. We

found that precipitating the DNA with room temperature,

rather than ice-cold, isopropanol did result in slightly

decreased polysaccharides. For the STE/CTAB method we

found that increasing the NaCl concentration in the CTAB

buffer from 1.4 to 4 M yielded no DNA and increasing the

sucrose to 0.5 M or adding 4 M NaCl to the STE buffer did

not reduce polysaccharide co-precipitation.

To assess whether the polysaccharides inhibited enzy-

matic reactions we conducted PCR amplification and

AFLP DNA-fingerprinting for both STE/CTAB and

HEPES/CTAB extracts. PCR of the chloroplast rps4 gene

Table 1 The STE/CTAB method for micro-scale DNA extraction

from polysaccharide-rich plants

Step Procedure

1 Place 0.01–0.03 g of silica gel-dried young leaf tissue in a

microcentrifuge tube with a sterile grinder. Snap freeze by

suspending the tube in liquid nitrogen and grind to a fine

powder

2 Add 1 ml of freshly made STE (0.25 M sucrose, 0.03 M Tris,

0.05 M EDTA) to the ground plant tissue. Vortex, then

centrifuge at 2,000g for 10 min. Discard supernatant and

repeat STE wash

3 Add 600 ll of CTAB solution (2% CTAB, 1% PVP, 1.4 M

NaCl, 100 mM Tris–HCl pH 8.0, 20 mM EDTA pH 8.0) and

incubate at 60�C for 40 min with occasional shaking

4 Add 600 ll chloroform and shake vigorously to homogenise.

Pulse centrifuge to 7,000g

5 Remove upper aqueous layer with a wide-bore pipette tip into a

new microcentrifuge tube. Add 600 ll of room-temperature

isopropanol and invert gently

6 Sit at room temperature for 1–5 min and transfer DNA pellet

using a wide-bore pipette tip into a microcentrifuge tube

containing 800 ll of 80% EtOH. Wash pellet by gently

inverting several times. Remove DNA pellet to a new

microcentrifuge tube and repeat EtOH wash

7 Dry the pellet and suspend in 30–60 ll of TE (10 mM Tris,

1 mM EDTA)

Table 2 The HEPES/CTAB method for micro-scale DNA extraction

from polysaccharide-rich plants

Step Procedure

1 Place 0.01–0.03 g of silica gel-dried young leaf tissue in a

microcentrifuge tube with a sterile grinder. Snap freeze by

suspending the tube in liquid nitrogen and grind to a fine

powder

2 Add 1 ml of HEPES buffer (2% b-mercaptoethanol, 0.2% PVP,

0.1 M HEPES pH 8). Vortex, then centrifuge at 3,000g for

5 min. Discard supernatant and repeat HEPES wash

3–7 Follow steps 3–7 from Table 1

Table 3 DNA yield and purity from Entelea arborescens using two

micro-extraction methods

Extraction

method

Sample DNA

concentration (ng/ll)

A260/

280

A260/

230

STE/CTAB 1 89.2 1.60 0.34

2 119.8 1.53 0.39

3 124.2 1.44 0.46

4 141.7 1.39 0.78

5 167.2 1.58 0.55

6 59.5 1.59 0.30

HEPES/CTAB 1 41.3 1.67 0.23

2 90.9 1.52 0.36

3 54.5 1.78 0.29

4 469.0 1.74 0.84

5 126.0 1.38 0.32

6 37.6 1.72 0.17

DNA concentration and quality was assessed using a NanoDrop 1000

v. 3.6.0 Spectrophotometer (Thermo Scientific)
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and rps4-trnS intergenic spacer in Entelea arborescens was

performed as described in Shepherd et al. (2007) for 106

STE/CTAB and 25 HEPES/CTAB DNA extracts. 1 ll of

1:70 diluted DNA extract was included in each PCR

reaction. This region successfully amplified in 102 of our

STE/CTAB DNA extracts (Fig. 1a) and all of the HEPES/

CTAB extracts, although further dilution (up to 1:200) was

required for amplification from a few samples.

AFLP was performed as described in Perrie and Shep-

herd (2009) for eight Entelea arborescens samples, each

extracted with both the STE/CTAB and HEPES/CTAB

methods. The AFLP profiles for each sample were very

similar both within and between extraction methods

(Fig. 1b), indicating that the DNA templates were pro-

ducing consistent results.

In conclusion, we present two DNA micro-extraction

methods that are successful with the polysaccharide-

rich Entelea arborescens. We have also found that the

STE/CTAB method improved the quality of DNA extracted

from inflorescence tissue of Dactylanthus taylorii

(Balanophoraceae), another species with recalcitrant DNA.

For extracting DNA from other polysaccharide-rich species

we suggest first attempting the STE/CTAB method. This

method does not use expensive HEPES making it around

four times cheaper than the HEPES/CTAB method. A further

advantage of the STE/CTAB method is its avoidance of the

hazardous chemical chemical b-mercaptoethanol.
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