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ABSTRACT. Genomic DNA extraction is crucial for molecular research, 
including diagnostic and genome characterization of different organisms. 
The aim of this study was to comparatively analyze protocols of DNA 
extraction based on cell lysis by sarcosyl, cetyltrimethylammonium bromide, 
and sodium dodecyl sulfate, and to determine the most efficient method 
applicable to soybean caterpillars. DNA was extracted from specimens of 
Chrysodeixis includens and Spodoptera eridania using the aforementioned 
three methods. DNA quantification was performed using spectrophotometry 
and high molecular weight DNA ladders. The purity of the extracted DNA 
was determined by calculating the A260/A280 ratio. Cost and time for each 
DNA extraction method were estimated and analyzed statistically. The 
amount of DNA extracted by these three methods was sufficient for PCR 
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amplification. The sarcosyl method yielded DNA of higher purity, because 
it generated a clearer pellet without viscosity, and yielded high quality 
amplification products of the COI gene I. The sarcosyl method showed 
lower cost per extraction and did not differ from the other methods with 
respect to preparation times. Cell lysis by sarcosyl represents the best 
method for DNA extraction in terms of yield, quality, and cost effectiveness.
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INTRODUCTION

Several studies using molecular markers based on polymerase chain reaction (PCR) have 
been conducted to characterize the molecular variability and genetic structure of members of the 
family Noctuidae (Luque et al., 2002; Martinelli et al., 2006; Barbosa et al., 2014). The first step is 
DNA extraction, and there are many studies with different protocols. The major difference between 
DNA extraction protocols lies in the buffer composition. The buffer typically includes a buffering agent, 
a salt to dissociate the DNA from proteins, and a detergent, such as sodium dodecyl sulfate (SDS), 
cetyltrimethylammonium bromide (CTAB) and sarcosyl, to solubilize the membranes and to aid the 
inactivation of some enzymes (Sambrook et al., 1989; Cheung et al., 1993; Black and Duteau, 1997).

Extraction of pure and high-quality DNA is a prerequisite for any molecular analysis. 
The problems often associated with DNA extraction is contamination by proteins, polyphenols, 
polysaccharides, and lipids (Romano and Brasileiro, 1999; Hoy, 2003; Demeke and Jenkins, 2010). 
Furthermore, contaminants may interfere with molecular processes, inhibiting PCR (Pandey et al., 
1996; Demeke and Jenkins, 2010). Numerous DNA extraction techniques used in different organisms 
have been described in the literature (Luque et al., 2002; Sosa-Gómez, 2004; Schroeder and Degen, 
2008). However, few studies are concerned with comparing extraction methods aimed at finding 
the most appropriate method for use in each species or family (Rampelotti et al., 2008; Chen et al., 
2013), or to compare the efficiency of the techniques, especially for soybean caterpillars.

The soybean looper, Chrysodeixis includens (Walker, 1858) (Lepidoptera: Noctuidae, 
Plusiinae) is a serious pest of soybean, and is widely distributed in Brazil. It feeds primarily on 
leaves, and was recently found to cause damage to soybean pods (Moscardi et al., 2012; Czepak 
and Albernaz, 2014). The Southern armyworm, Spodoptera eridania (Stoll, 1782) (Lepidoptera: 
Noctuidae) is considered a secondary soybean pest in Brazil; however, outbreaks of this pest have 
been found in several different regions, and in contrast to C. includens, this species can feed on both 
leaves and soybean pods (Papa and Celoto, 2007; Guedes et al., 2010; Marsaro Júnior et al., 2010).

In this study, we evaluated three DNA extraction protocols for Lepidoptera using the integuments 
of C. includens and S. eridania caterpillars. In addition, we evaluated the factors that affect the purity, 
quality, and amount of DNA extracted, as well as the cost effectiveness of the extraction methods, to 
determine the most efficient protocol for DNA extraction from the species in study.

MATERIAL AND METHODS

Insects

Specimens of C. includens and S. eridania were collected in the state of Goiás, in soybean 
fields during the 2011/2012 growing season. The caterpillars collected were immediately immersed 



3Comparative analysis of DNA extraction protocols

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (2): gmr.15027904

in 96% alcohol contained in 50 mL falcon tubes, and transported to the Integrated Pest Management 
Laboratory (LabMIP), at the Federal University of Santa Maria (UFSM). Subsequently, the 
caterpillars were washed individually in sterile distilled water, dried on paper towels, and stored in 
1.5-mL microfuge tubes at -20°C. The identification of C. includens and S. eridania was performed 
by morphological analyses confirming previously described morphological (Angulo and Weigert, 
1975; Eichlin, 1975; Eichlin and Cunningham, 1978) and color characteristics of each specimen 
(Passoa, 1991; Heppner, 1998).

DNA extraction

Teguments from larvae of C. includens and S. eridania were dissected and washed 
with sterile distilled water. For each species, approximately 150 mg of tegument was used for 
the extraction of genomic DNA. Extractions were performed at the Plant Pathology Laboratory at 
UFSM. Three protocols employed for DNA extraction of Lepidoptera were used in the experiment, 
and each extraction, carried out in duplicates, was performed according to the procedures 
described in the methods below. At the end of each extraction, the pellet was suspended in 50 µL 
sterile ultrapure water. The color of the DNA pellet in each tube was recorded.

Method 1: the cell lysis by sarcosyl method (Cheung et al., 1993; Sosa-Gómez, 2004) 
was modified. Tissues were homogenized in 600 µL extraction buffer (200 mM Tris-HCl, pH 8.0, 
70 mM EDTA, 2 M NaCl, and 20 mM sodium metabisulfite) in a microfuge tube. To this, 150 µL 5% 
L-sarcosyl loril was added and incubated at 65°C for 5 min. Subsequently, 7.5 µL of 10 mg/mL of 
Proteinase K was added, incubated at 65°C for 60 min, and centrifuged at 13,000 rpm for 15 min. 
Following centrifugation, the supernatant was transferred to a new microfuge tube, and an equal 
volume of chloroform:isoamyl alcohol (24:1) was added and then centrifuged at 13,000 rpm for 
15 min. The aqueous phase was transferred to a new microfuge tube, and the chloroform:isoamyl 
alcohol purification step was repeated. After this purification step, 10 µg/mL RNase was added 
and incubated at 37°C for 30 min. The DNA was precipitated with 600 µl 100% isopropanol and 
405 µL 5 M ammonium acetate, kept overnight at 4°C and centrifuged at 13,000 rpm for 15 min in 
the following day. The resulting DNA pellet was washed with 400 µL 70% ethanol, centrifuged at 
13,000 rpm for 5 min, and air-dried.

Method 2: based on cell lysis by CTAB (Black and Duteau, 1997; Martinelli et al., 2007) 
was used. Tissues were homogenized in 500 µL extraction buffer (100 mM Tris-HCl, pH 8.0, 1.4 M 
NaCl, 0.02 mM EDTA, 2% CTAB, and 0.2% β-mercaptoethanol), and 10 µL 10 mg/mL proteinase K 
was added, and the homogenate was incubated at 65°C for 2 h. Then, 10 mg/mL RNase was added, 
homogenized at 37°C for 3 h and centrifuged at 13,000 rpm for 5 min. After homogenization, 500 
µL chloroform:isoamyl alcohol (24:1) was added and samples were centrifuged at 13,000 rpm for 
20 min. The aqueous phase was transferred to a new microfuge tube and the chloroform:isoamyl 
alcohol step was repeated. The DNA was precipitated with 400 µL 100% isopropanol and incubated 
at 4°C for 8 h. Afterwards, the precipitate was centrifuged at 13,000 rpm for 30 min. The resulting 
DNA pellet was washed twice with 500 µL 100% ethanol, and centrifuged at 13,000 rpm for 5 min. 
Finally, the pellet was air-dried.

Method 3: based on cell lysis by SDS (Sambrook et al., 1989; Luque et al., 2002) was 
used. Tissues were macerated with 700 µL extraction buffer (10 mM Tris-HCl, pH 7.5, 75 mM 
NaCl, and 25 mM EDTA); following which, 10.5 µL 10 mg/mL proteinase K, 35 µL 20% SDS, and 
70 µL 1% beta-mercaptoethanol was added to the homogenate and incubated at 65°C overnight. 
Subsequently, 500 µL chloroform:isoamyl alcohol (24:1) was added and the samples were 
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centrifuged at 14,000 rpm for 50 min. The aqueous phase was transferred to a new microfuge tube 
and the chloroform:isoamyl alcohol step was repeated. The DNA was precipitated with 800 µL 100% 
isopropanol, incubated for 5 min at room temperature, and centrifuged at 14,000 rpm for 15 min. The 
pellet was washed with 500 µL 70% ethanol, centrifuged at 1300 rpm for 5 min, and then air dried.

Detection of DNA quality and quantity

The DNA obtained from each of the protocols (1 µL) was stained with Blue Green I Dye 
Loading (LGC Biotechnology, California, USA), and analyzed on 1% agarose gels at 90 V in 1X 
TBE running buffer (90 mM Tris base, 90 mM boric acid, and 2 mM EDTA, pH 8.0). DNA bands 
were observed on a UV-transluminator, and images were scanned with an image capture system. 
Electrophoresis not only ascertained the quantity and quality of DNA, but also the presence or 
absence of degraded molecules. The amount of DNA in the samples was compared with the high 
molecular marker DNA Mass Ladder (Invitrogen Life Technologies, Carlsbad, CA) using the Kodak 
Digital Science 1D Image Analysis Software (Kodak Eastman) following manufacturer protocol. 
DNA concentration was measured with a spectrophotometer (FEMTO Cirrus ST 80, São Paulo, 
Brazil) at a wavelength of 260 nm. The 260/280 ratio was used to characterize the purity of the 
extracted material. All DNA samples were stored at -20°C for later use in PCRs.

Analyses by PCR

PCRs were performed with 1 µL each, of the DNA extracted by the three protocols from 
C. includens and S. eridania. The primers LCO1490 (5'-GGTCAACAAATAAAGATATTGG-3') and 
HCO2198 (5'-TAAACTTCAGGGTGACCAAAAAATCA-3'), were used to amplify a 709 bp sequence 
of the COI I (mitochondrial Cytochrome c oxidase subunit I) gene (Folmer et al., 1994). The reaction 
contained 1X reaction buffer (500 mM Tris-HCl, pH 8.5, 150 mM ammonium sulfate, pH 9.3, 25 
mM MgCl2, and 1% Tween 20), 0.2 mM of each primer, 0.1 mM of each dNTP (Sigma-Aldrich, St. 
Louis, MO, USA), and 2.5 U of Taq DNA polymerase (Sigma-Aldrich) in a final volume of 25 µL. The 
reaction conditions followed an initial denaturation cycle at 94°C for 4 min, followed by 25 cycles of 
94°C for 1 min, 50°C for 1 min, 72°C for 1 min and 30 seconds, with a final extension at 72°C for 5 
min, in a PTC-100TM thermocycler (MJ Research, Quebec, Canada). The amplified products were 
stained with Blue Green Loading Dye I (LGC Biotechnology), and analyzed by electrophoresis 
on 1% agarose gels at 90 V. The size of the amplified fragment was estimated by comparing with 
corresponding bands on a 1 kb molecular marker (Sigma-Aldrich).

Cost and time required by each method

The cost for each method was estimated based on the price of chemicals, and enzymes 
consumed for one extraction from a single caterpillar. The cost ranges were generated by prices 
paid in the year of extraction (2012). The time required to complete one extraction from a single 
caterpillar using each method was estimated based on the procedures used in this study. Only C. 
includens data was used to calculate time and cost of extractions.

Analysis of results

Protocols were compared in terms of the quantity and quality of extracted DNA, the cost 
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per reaction, time taken in each procedure to extract a sample of DNA, and performance in PCRs. 
The preparation time data and cost of DNA extraction were statistically analyzed by the t-test at the 
5% probability level, using Assistat 7.7 beta software (Silva and Azevedo, 2009).

RESULTS

Quantity and quality of DNA

All three methods generated a pellet of DNA at the end of each extraction. However, the 
color of the precipitated DNA varied across methods (Table 1). The pellet colors ranged from clear, 
light yellow, and yellow to light brown and dark brown. DNA extraction methods 2 and 3 produced 
a light yellow and yellow pellet from C. includens samples, and light to dark brown from S. eridania 
samples, whereas method 1 generated clear pellets for samples from both species (Table 1). DNA 
suspension in both methods 2 and 3 showed viscosity in C. includens and S. eridania samples.

DNA extracted by the three methods from the two species formed a full band of approximately 
13 Kb when compared to the molecular markers in the High DNA Mass Ladder. Moreover, all the 
samples were free of RNA, because there were no lower molecular weight bands observed on the gel 
(Figure 1). The concentrations as determined by spectrophotometry ranged from 1730 to 1830 ng/
µL for C. includens, and 1680 to 1800 ng/µL for S. eridania (Table 1). The concentration observed by 
gel electrophoresis was 1096 ng/µL by method 3, and 849 ng/µL by method 1 for C. includens; and 
602 ng/µL by method 2, and 355 ng/µL by method 3 for S. eridania (Table 1). The A260/A280 ratios 
ranged between 1.125 and 1.094 in method 1 and method 3, respectively, for C. includens, and 1.137 
and 1.089 in method 1 and 2, respectively, for S. eridania (Table 1).

Table 1. Quantification and purity of DNA, DNA pellet color, estimated cost, and time used, by three DNA extraction 
methods to extract DNA from one caterpillar of Chrysodeixis includens and Spodoptera eridania.

 Methods 
C. includens S. eridania 

Sarcosyl CTAB SDS Sarcosyl CTAB SDS 
A260 0.354 0.366 0.347 0.336 0.341 0.361 
A260/280 1.125 1.107 1.094 1.137 1.089 1.100 
Concentration1 (ng/µL) 1770 1830 1730 1680 1700 1800 
Concentration with marker2 (ng/µL) 849 785 1096 493 602 355 
DNA pellet color Clear Light yellow Yellow Light yellow Light brown Dark brown 
Preparation time* (h) 13ab 17a 12b - - - 
Cost per sample3* (BRL$) 4.30c 8.55a 5.88b - - - 

 1Concentration = A260 x 100 x 0.05 ng/µL. 2Comparison with the molecular marker High DNA Mass Ladder (Invitrogen). 
3Considering 2012 values. *Averages indicated by the same letter do not differ statistically according to the Tukey’s 
test at the 5% level.

Figure 1. Electrophoresis of the DNA extracted from Chrysodeixis includens (lanes 1-3) and Spodoptera eridania 
(lanes 4-6). Lane M = high Mass DNA ladder (Invitrogen). Lanes 1 and 4 = method 1 (sarcosyl). Lanes 2 and 5 = 
method 2 (CTAB). Lanes 3 and 6 = method 3 (SDS). Arrow indicates 10-kb band.
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Cost and time consumed

In relation to the cost per extraction, method 1 had the lowest cost (R$ 4.30), which is 
statistically different from that of the other methods. The preparation time for each method showed 
no statistical difference, considering that method 2 was the slowest, taking 17 hours to complete 
the DNA extraction (Table 1).

PCR analysis

Comparison of PCR amplifications among the tested methods is shown in Figure 2. The 
DNA extracted from C. includens by the three methods was amplified with the primers for the COI I 
gene, resulting in a clear band of approximately 709 bp. Amplification products from DNA samples 
of S. eridania obtained by methods 1 and 2 also generated fragments of similar size. The DNA 
sample of S. eridania obtained by method 3 failed to amplify.

Figure 2. PCR amplification products of the COI gene from Chrysodeixis includens (a) and Spodoptera eridania (b). Lane 
M = 1-kb molecular weight marker. Lane 1 = method 1 (sarcosyl). Lane 2 = method 2 (CTAB). Lane 3 = method 3 (SDS).

DISCUSSION

In this study, we evaluated three DNA extraction methods based on cell lysis by sarcosyl, 
CTAB, and SDS, in two soybean caterpillar species, C. includens and S. eridania. Comparing the 
methods, the DNA extracted by the sarcosyl method produced better results. Method 1 (sarcosyl) 
generated, at the end of the extraction, a pellet without viscosity, amplified the fragment of the COI 
I gene, and also had lower costs and preparation time as compared to the other methods tested. 
However, the purity was lower than expected in all methods, which might indicate the presence of 
factors that inhibit PCR.

The darkened pellet generated by methods 2 and 3 for both species may indicate the 
presence of contaminants such as polyphenols, which have not been eliminated during DNA 
extraction despite the addition of β-mercaptoethanol, a reagent that removes polyphenols which 
have an inhibiting effect on DNA oxidation (Romano and Brasileiro, 1999). Another factor that may 
indicate the presence of contaminants is the visual analysis of the viscosity of pellets. Pellets from 
methods 2 and 3 had viscosity in both C. includens and S. eridania, indicating the presence of 
polysaccharides that also can inhibit PCR (Chiari et al., 2009; Demeke and Jenkins, 2010).
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The A260/A280 ratio of less than 1.6-1.8 indicates contamination with protein and/or 
polysaccharide remnants of the insect tissue (Pandey et al., 1996; Demeke and Jenkins, 2010). 
On the other hand, contamination with polysaccharides seems more likely, since the protocols 
contained two purification steps with chloroform and the addition of proteinase K enzyme, which 
degrades proteins. Chloroform is responsible for denaturation and removal of proteins and lipids 
(Hoy, 2003). Furthermore, the viscosity of the suspended DNA may indicate higher contamination 
by polysaccharides in the DNA extracted using methods 2 and 3, which corroborates with the lowest 
A260/A280 ratio observed for these methods. However, the bands did not show a conical shape 
towards the positive pole nor was DNA retained in the wells after electrophoresis (Figure 1). Conical 
shape towards the positive pole and excess DNA retained in the wells indicate contamination by 
polysaccharides (Romano and Brasileiro, 1999). In method 1, DNA is precipitated with ammonium 
acetate, which helps eliminate polysaccharides (Romano and Brasileiro, 1999), but it also may 
have been responsible for the minor indications of contamination observed in method 1.

One hypothesis for the observed low A260/A280 ratios is that DNA storage time can 
influence DNA quantification. The extracted DNA was stored for 6 months before quantification 
by spectrophotometry. As is known, the shorter the DNA storage time, the better is the purity as 
observed by spectrophotometry analyses (Caldart et al., 2011). Therefore, the value of the A260/
A280 ratio should not be considered conclusive for the comparison between the methods tested.

All methods tested produced enough DNA to be use in PCRs. The molecular analyses 
were based on the use of 20 ng DNA as templates for each PCR reaction in others studies (Luque 
et al., 2002; Martinelli et al., 2006; Barbosa et al., 2014). DNA extracted from C. includens by 
all three methods was amplified by PCR, indicating a sufficient amount and good condition of 
DNA with low contamination. However, the DNA obtained from S. eridania by method 3 was not 
amplified, and this might be associated with the presence of contaminants such as polyphenols, 
polysaccharides, and proteins, after extraction (Pandey et al., 1996; Romano and Brasileiro, 1999; 
Demeke and Jenkins, 2010).

Even if the three methods have been used previously for DNA extraction in Noctuidae, 
and utilized in PCR assays (Luque et al., 2002; Sosa-Gómez, 2004; Martinelli et al., 2007), the 
comparison made in this study was positive in the search for a protocol that best suits the demands 
of laboratory extraction. Among the tested protocols, the method based on cell lysis by sarcosyl 
was the best in terms of quantity, quality, and cost effectiveness, generating consistently high-
quality DNA to be used in molecular studies based on PCR.
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