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Abstract: Published methods to isolate DNA from insects are not always effective in 

xylophagous insects because they have high concentrations of phenolics and other 

secondary plant compounds in their digestive tracts. A simple, reliable and labor-effective 

cetyltrimethylammonium bromide-polyvinylpyrrolidone (CTAB-PVP) method for 

isolation of high quality DNA from xylophagous insects is described. This method  

was successfully applied to PCR and restriction analysis, indicating removal of  

common inhibitors. DNA isolated by the CTAB-PVP method could be used in most  

molecular analyses. 
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1. Introduction  

Insect species that directly feed on wood play important functional roles in forest ecosystems, as 

they contribute to nutrient cycling [1–3]. Moreover, most species can be serious pests of forests and 

wood products, having economically important consequences for the forest and timber industries [4,5]. 
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Due to their ecological and/or economical importance, research on systematics, phylogenetics, 

ecological genetics and molecular methods for detection and control of insect pests are needed [6,7]. 

For most molecular studies, the isolation of high quality DNA is an essential prerequisite. 

Nevertheless, the isolation of high quality DNA from xylophagous insects is usually cumbersome, 

because xylophagous insects tend to concentrate high amounts of plant phenolics and tannins in their 

digestive tracts [8,9]. Most of the published methods for insect DNA isolation are SDS/proteinase K 

based protocols [10–14] and commercially available kits [15,16]. These methods usually use adult 

specimens or specific tissues from thorax, head, wings or leg muscles to avoid contaminants. However, 

these methods are not useful for the isolation of high quality DNA due to the presence of phenolics 

and other plant contaminants in the digestive tract of xylophagous insects. Isolation of DNA is difficult 

from the tissue in the digestive tract [14,17], or when insects are too small to dissect them. 

Additionally, SDS based methods and commercially available kits tend to produce low DNA yields 

with short storage life from tissues rich in phenolics [18,19], which make them unsuitable for some 

molecular applications (e.g., Southern blot analysis, construction of genomic libraries, DNA 

fingerprinting, etc.). 

Phenolics are recognized as the major contaminants in DNA preparations from plants [18,20,21]. 

Phenolics, as powerful oxidizing agents, can reduce the yield and purity of DNA by binding covalently 

with the extracted DNA, thereby inhibiting further enzymatic modifications of the DNA such as 

restriction endonuclease digestion and polymerase chain reaction (PCR) [18,22–25]. Higher 

concentrations of cetyltrimethylammonium bromide (CTAB) and the addition of antioxidants such as 

polyvinyl-pyrrolidone (PVP) and β-mercaptoethanol to the extraction buffer can help to remove 

phenolics in DNA preparations from plants [18,21,22,26,27]. However, PVP usually is not used in the 

methods reported for DNA isolation from insects [10–13,17,28].  

We evaluated the effectiveness of the traditionally used CTAB method for isolation of DNA from 

the xylophagous insect, Oncideres albomarginata chamela (Coleoptera: Cerambycidae). In this study, 

we developed an inexpensive and rapid DNA isolation method by modifying several existing  

methods [18,21,22,26,27,29] for plant DNA isolation. We evaluated the quality of the DNA isolated 

using this modified method by restriction endonuclease digestion and PCR. The isolated DNA was 

suitable for these molecular applications. The CTAB-PVP method was also used for DNA isolation in 

three additional xylophagous beetles: Ataxia alpha, Estoloides chamelae and Lissonotus flavocinctus 

(Cerambycidae), confirming that this modified method can be applicable to other xylophagous insects.  

2. Results and Discussion 

The type of contaminations arising in DNA isolated from biological material varies according to its 

origin (e.g., organism, tissue, life stage) [11,13,23]. Therefore, the type and condition of specimens 

and tissues are key factors in selecting a DNA isolation method. Tissues in the digestive tracts of 

xylophagous insects are rich in phenolics and tannins. These secondary compounds must be removed 

to obtain DNA free from contaminants. Phenolics and other secondary compounds cause damage to 

DNA and/or inhibit restriction endonucleases and Taq polymerases [18,23–25,27]. The widely used 

CTAB method occasionally fails to remove all phenolics from DNA preparations [18]. Antioxidants 

are commonly used to address problems related to phenolics; examples include β-mercaptoethanol, 
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PVP, bovine serum albumin (BSA), among others [19,30]. PVP forms complex hydrogen bonds with 

phenolics and co-precipitates with cell debris upon cell lysis [18,21,31]. These PVP-phenolic 

complexes accumulate at the interface between the organic and aqueous phases and can be eliminated 

from DNA preparations. On the other hand, high concentrations of β-mercaptoethanol, helps to reduce 

the browning in DNA preparations produced by the oxidation of phenolics [22,27]. To test the effect of 

the inclusion of PVP and an increased concentration of β-mercaptoethanol in our DNA isolation 

method, we compared this method with the traditionally used CTAB method [29]. The results 

indicated similar yields (~50 µg/100 mg fresh tissue) of high molecular weight DNA using both 

methods (Figure 1). Nevertheless, the A260/280 ratio for the CTAB method (1.21–1.32) and for the 

CTAB-PVP modified method (1.69–1.76) indicated a higher level of contamination in the DNA 

isolated by the traditional CTAB method.   

Figure 1. Agarose gel analysis of DNA prepared from Oncideres albomarginata chamela 

larvae with two DNA isolation methods. M, DNA size marker (1 Kb plus DNA ladder, 

Invitrogen, Carlsbad, CA, USA); Lane 1, genomic DNA isolated with the CTAB method; 

Lane 2, genomic DNA isolated with the CTAB-PVP method.  

 

The isolated DNA using both methods was tested for PCR amplification. Amplifications of a 

mitochondrial cytochrome oxidase I (COI) gene fragment using fresh DNA obtained with both 

methods were successfully achieved. However, amplification of the COI gene fragment was observed 

only for the CTAB-PVP isolated-DNA after the DNA samples had been stored for three months 

(Figure 2). These results indicate that DNA isolated by the traditional CTAB method is not suitable for 

longer storage periods. Similar results have been previously reported [18,22]. DNA preparations 

containing contaminants have a shorter storage lifespan [18]. The most common contaminants are 

polysaccharides, RNA and phenolics [10–12,18–22,25,30,31]. Polysaccharides and phenolics usually 

produce highly viscous and brown-colored solutions, respectively [10,20,30]. Given that RNA 

contamination is normally removed by treatment with RNase [30], and the isolated DNA was not 

viscous, it is likely that phenolics are the contaminants present in the CTAB isolated-DNA. In 

addition, the inclusion of PVP and β-mercaptoethanol cleared the DNA solutions. This suggests that 

DNA isolated by the CTAB-PVP method had lower concentrations of phenolics compared with the 

traditionally used CTAB method. The purity and quality of the isolated DNA was also validated by 

digestion with different restriction endonucleases. The results showed a complete digestion of  
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CTAB-PVP isolated-DNA (Figure 3a), while CTAB isolated-DNA showed only partial digestion 

(Figure 3a), indicating the presence of contaminants in this DNA preparation. The CTAB-PVP method 

demonstrated to be applicable to other xylophagous insects, since isolated DNA from three additional 

species of xylophagous beetles proved amenable for PCR amplification (Figure 4a) and restriction 

digestion (Figure 5), whereas DNA isolated with the CTAB-method was not suitable for PCR 

amplification (Figure 4a) and showed only partial digestion (Figure 5a). 

Figure 2. Amplification of a mitochondrial cytochrome oxidase I (COI) gene fragment 

using DNA (isolated from Oncideres albomarginata chamela larvae) that had been stored 

for three months. M, DNA size marker (1 Kb plus DNA ladder, Invitrogen, Carlsbad, CA, 

USA); Lane 1, genomic DNA isolated with the CTAB-method; Lane 2, genomic DNA 

isolated with the CTAB-PVP method. 

 

Figure 3. Analysis of Oncideres albomarginata chamela-DNA digested with different 

restriction enzymes and separated by 1% agarose gel electrophoresis. (a) Genomic DNA 

isolated with the CTAB-method, and (b) Genomic DNA isolated with the CTAB-PVP 

method. For both (a) and (b), Lane M, DNA size marker (1 Kb plus DNA ladder; 

Invitrogen, Carlsbad, CA, USA); Lane 1, restriction digestion with XbaI; Lane 2, 

restriction digestion with NotI; Lane 3, restriction digestion with EcoRI.  
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Figure 4. Amplification of a COI gene fragment using DNA isolated from larvae of three 

xylophagous beetles, after storage for three months. (a) Genomic DNA isolated with  

the CTAB method, and (b) Genomic DNA isolated with the CTAB-PVP method.  

For both (a) and (b), Lane M, DNA size marker (1 Kb plus DNA ladder; Invitrogen,  

Carlsbad, CA, USA); Lane 1, Ataxia alpha; Lane 2, Estoloides chamelae; Lane 3,  

Lissonotus flavocinctus.  

 

Figure 5. Analysis of restriction endonuclease digestion with EcoRI of the DNA of three 

xylophagous beetles, and separated by 1% agarose gel electrophoresis. (a) Genomic DNA 

isolated with the CTAB method, and (b) Genomic DNA isolated with the CTAB-PVP 

method. For both (a) and (b), Lane M, DNA size marker (1 Kb plus DNA ladder; 

Invitrogen, Carlsbad, CA, USA); Lane 1, Ataxia alpha; Lane 2, Estoloides chamelae;  

Lane 3, Lissonotus flavocinctus. 
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3. Experimental Section  

3.1. DNA Isolation 

For DNA isolation, we used larvae at the last instar of the borer beetle Oncideres albomarginata 

chamela, because this life stage presents the highest concentration of phenolics and other plant 

contaminants [32]. DNA was isolated using CTAB [29] and a CTAB-PVP modified method.  

A mortar and pestle with the addition of liquid nitrogen were used for the grinding of fresh  

sample-tissue (100 mg) into fine powder. The ground tissue was transferred to a 1.5 mL tube and 

homogenized in 1 mL of prewarmed (60 °C) extraction buffer (20 mM ethylene diamide tetraacetic 

acid (EDTA) pH 8.0, 100 mM Tris-HCl pH 7.5, 1.4 M NaCl, 2% w/v CTAB, 4% w/v PVP-40).  

β-mercaptoethanol (2% v/v) was added to the extraction buffer just prior to use. Samples were 

incubated at 60 °C for 30 min with occasional mixing, and cooled to room temperature.  

Two microliters of RNase (1 mg/mL) were added to the solution and incubated at 37 °C for 15 min. 

One volume of chloroform:isoamyl alcohol (24:1) was added, and the sample was emulsified by gentle 

inversion and centrifuged for 15 min at 13,000 rpm. The top aqueous phase was transferred to a clean 

tube. A second chloroform:isoamyl extraction was performed when the aqueous phase was cloudy due 

to the presence of PVP. Two volumes of cold (−20 °C) 95% ethanol were added to the sample, mixed 

well and incubated at −20 °C until DNA strands were visible. DNA strands were recovered using a 

sterile Pasteur pipette and washed with 70% ethanol, centrifuged for 5 min at 13000 rpm, dried and 

finally eluted in sterile analytic grade H2O.  

3.2. Comparison of the Efficacy for the DNA Isolation Methods 

Electrophoresis was conducted using 1% TAE agarose gels. Gels were stained with ethidium 

bromide, and visualized under UV light. The quality of DNA isolated by the CTAB traditional method 

and the CTAB-PVP modified method was estimated by measuring the A260/280 absorbance  

ratio using a spectrophotometer (Perkin-Elmer Corp., Norwalk, CT, USA). A fragment of  

~650 base pairs of the COI gene (corresponding to the DNA universal barcoding region) was  

amplified from the freshly isolated DNA and DNA that had been stored for three months.  

The forward primer LCO (5'-GGTCAACAAATCATAAAGATATTGG-3') and reverse primer  

HCO (5'-TAAACTTCAGGGTGACCAAAAAATCA-3') were used for this purpose. PCR amplifications 

were carried out using a ramping-down of the annealing temperature (‘touchdown’; −2 °C per every 

five cycles) program. PCR amplification was started using the following settings: 94 °C/30 s 

(denaturing), 50 °C/30 s (base annealing temperature of first three cycles) and 72 °C/1 min 

(extension), and was continued until the base annealing temperature reached the final condition of 

44 °C. Under the final conditions, the amplification was continued for 20 cycles. Additionally, the 

quality of the DNA isolated by both methods was evaluated by restriction analysis, for which 10 µg of 

DNA isolated by each method was incubated overnight with 10 U XbaI, NotI and EcoRI, and analyzed 

on 1% agarose gels. 



Int. J. Mol. Sci. 2010, 11             

 

 

5062

3.3. Evaluation of the CTAB-PVP Modified Method in Other Xylophagous Species 

To test if the modified method is applicable to other xylophagous insects, we isolated DNA from 

larvae of three additional cerambycid xylophagous beetles, Ataxia alpha, Estoloides chamelae and 

Lissonotus flavocinctus using the CTAB [29] and CTAB-PVP modified method as previously 

described. DNA isolated from each species was stored at −20 °C for three months. After the  

storage period, DNA was digested with EcoRI, and used as template for PCR amplification as  

previously described.  

4. Conclusions  

The modified CTAB-PVP method for DNA isolation seems to be suitable for PCR and restriction 

analyses. This method is rapid, simple and efficient for the isolation of DNA from xylophagous insects 

which possess high concentrations of plant compounds that can interfere with DNA extraction  

and analysis.  
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