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ABSTRACT
Recent studies of ecology and taxonomy on stoneflies employed molecular sequences data based on 

DNA amplification used both field and museum alcohol-preserved specimens. In this study, we compared 
four different DNA extraction protocols based on preserved stoneflies specimens with SDS-Ethanol 
method, Phenol/Cloroform, Phenol/Chloroform/Isoamyl Alcohol method and modification of this last 
method to obtain best efficiency DNA extraction method. The absence of PCR inhibitors and the DNA 
quality were evaluated by PCR amplification of the mitochondrial 12S DNA gene using insects-specific 
primers. DNA extraction efficiency using method 4 is significantly higher with the highest quality >2.19 
(260/280 nm) and quantity (>1370 ng/μl) and significantly difference (P< 0.05) than DNA extraction 
efficiency using other methods. This technique provides alternative DNA extraction methods for preserved 
stoneflies.
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INTRODUCTION
Molecular methods have opened up a wide range of new approaches for 

invertebrate research, particularly with regard to phylogenetic and taxonomic studies 
(Schill, 2007). Several molecular fingerprint systems have been proposed and tested 
for a large number of invertebrates, including length polymorphism in polymerase 
chain reaction (PCR), amplified gene segments (Arrivillaga et al. 2003; Babcock & 
Heraty, 2000; Navarro & Weaver, 2004; Szalanski et al. 2000; Wiegmann et al. 2000), 
restriction fragment length polymorphisms (RFLP) (Szalanski et al. 1999; Torres et al. 
2000), randomly amplified polymorphic DNA (RAPD) (Bidochka et al. 1994; Gawel & 
Bartlett, 1993; Winder et al. 2005), amplified fragment length polymorphisms (AFLP) 
(Van Der Wurff et al. 2003; Wang & Porter, 2004; Winder et al. 2005) and riboprinting 
(Clark et al. 1989-1995; Schill & Steinbrück, 2007).

Most molecular studies of aquatic insects have focused on population dynamics 
(e.g. Jackson & Resh, 1992) and gene flow (e.g. Schultheis, 2000) with enzymes 
(e.g. Hogg et al. 2002; Monaghan et al. 2001-2002) and mitochondrial DNA (e.g. 
Cameron et al. 2006; Hebert et al. 2003; Hovmöller, 2006; Hunter et al. 2008; Ogden 
& Whiting, 2005; Page, 2000). 
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In stoneflies (Plecoptera) research has mainly focused on enzymes studies 
(Fochetti, 1994; Fochetti & Nicolai, 1996; Fochetti et al. 1997; Hughes et al. 1999; Lees 
& Ward, 1987; Wright & White, 1992) with a few recent studies employing molecular 
sequences data (e.g. Steward & Beckenbach, 2006). 

These molecular studies using tissue kits such as Quiagen (Thomas et al. 2006; 
Terry, 2003; Yasick & Wolin, 2004) and Puregene (Schultheis, 2000) for DNA extraction 
from a small portion of wing or leg muscle of preserved specimen.

The extraction and purification of intact DNA from stoneflies is often extremely 
difficult due to the small amount of total DNA available (Schultheis, 2000). Additional 
problems are encountered during preservation, when handling specimens in the field, 
laboratory or museum specimens, because a best way of preserved stoneflies species 
for field is 75%-80% alcohol, both adults and nymphs since the structures are better 
preserved for future morphological observation (e.g. Steward & Stark, 2002), and in 
the selection of the appropriate extraction protocol or commercial kit. 

For molecular phylogenetic and taxonomic studies successful PCR amplification of 
DNA is dependent upon several factors, particularly the purity, quality and the quantity 
of the DNA template and therefore upon the original material, its preservation and 
the process of DNA isolation (Schill, 2007). In this study, we seek to evaluate which 
methods produce the highest -yield of quality DNA from preserved stoneflies.

MATERIALS AND METHODS

Stoneflies species
Individuals of four Anacroneuria species (A. cacute, A. chorrera, A. tachira and 

A. paleta) were used to investigate the best method of DNA extraction for successful 
amplification reactions.

The specimens were collected four years ago over a four month period from La 
Picón river (8º 37’ to 8º 39’ N and 71º 1’ to 71º 5’ O), Merida state, Venezuela with a 
D-net, preserved in 75% ethanol. Nymphs were identified using the keys in Maldonado 
et al. (2002) and Maldonado (2002).

DNA extraction methods
Sixty specimens of each species were used for DNA extraction from individual 

stoneflies following four different protocols:

Method 1: SDS-Ethanol (Arrivillaga et al. 2003). 
Individual abdomens were homogenized with a manual grinder brand KONTEX in 

50 µL of 0,1M NaCl, 0,2M Sucrose, 100mM tris-HCl, 50mM EDTA, 0,05% SDS and 
distilled water buffer, centrifuged at 14,000g for a few seconds, and left at 65°C for 
30 min. Seven microliters of 8M potassium acetate were then added and the mixture 
was centrifuged at 14,000g for a further 15 min. The supernatant was then removed, 
100μl of 100% ethanol were added and the mixture was centrifuged 14,000g for 
another 15 min. The supernatant was poured off and the remaining pellets allowed 
to air dry for 15min, before DNA was resuspended in distilled water. 
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Method 2: Phenol/Chloroform (Márquez et al. 2003).
Individual abdomens were homogenized with a manual grinder brand KONTEX 

in SE buffer (5M NaCl, 0,5M EDTA, 10% SDS and distilled water) and incubated 
overnight at 55°C. Equal volumes of phenol and chloroform were then added and 
vortexed vigorously to mix the phases before centrifuging at 14,000g for 5 min. The 
aqueous part was then removed and poured into a new tube, 100μl of 100% ethanol 
were added and the mixture was centrifuged at 14,000g for 15min. Samples were 
then stored at -20°C overnight. The mixture was then centrifuged again at 14,000g 
for 15 min and the supernatant removed. Refrigerated ethanol 70% was added and 
the mixture centrifuged at 14,000g for a further 15 min. The supernatant was poured 
off and the pellets allowed to air dry for 15min. DNA was resuspended in TE buffer 
(10mM tris-HCl, pH 8.0, 1mM EDTA).

Method 3: Phenol/Chloroform/Isoamyl Alcohol protocol (Halos et al. 2004).
Individual abdomens were homogenized with a manual grinder brand KONTEX 

in Phosphate buffered saline (137mM NaCl, 2,7mM KCl, 10mM Na2HPO4, 2mM 
KH2PO4, distilled water), 1% SDS and 1μl proteinase K, and left at 50°C for five 
minutes. The sample was then left at 95°C for 15 min before adding an equal volume 
of phenol:chloroform:isoamyl alcohol and vortexing vigorously to mix the phases. The 
mixture was then centrifuged at 14,000g for 5 min, and the aqueous part removed and 
poured into a new tube. Twenty microliters of NaCl were then added, the supernatant 
was poured off and the pellets allowed to air dry for 15 min before dissolving in TE 
buffer (10mM tris-HCl, pH 8.0, 1mM EDTA).

Method 4: Modification of the Halos et al. (2004) Phenol/Chloroform/Isoamyl 
Alcohol protocol.

Individual abdomens were homogenized with a manual grinder brand KONTEX in 
Phosphate buffered saline (0,1M NaCl, 2,7mM KCl, 10mM Na2HPO4, 2mM KH2PO4, 
distilled water), 10% SDS and 1μl proteinase K and left overnight at 56°C. The sample 
was then left at 95°C for 15 min and an equal volume of phenol:chloroform:isoamyl 
alcohol added before vortexing vigorously to mix the phases and centrifuging at 
14,000g for 5 min. The aqueous part was then removed, poured into a new tube and 
then added phenol: chloroform:isoamyl alcohol twice more, removing the aqueous 
part each time. Twenty microliters of NaCl and 100% ethanol were then added and the 
mixture left overnight at -20°C. It was then spun at 4°C for 15 min and the supernatant 
removed. Seventy percent cold ethanol was then added and the mixture centrifuged 
at 14,000g for 15 min (repeated twice). The supernatant was then poured off and the 
pellets allowed to air dry for 15 min, before dissolving in distilled water.

After each extraction the concentration and purity (O.D. 260nm/280nm) of nucleic 
acids were determined by measuring absorbance using a ND-1000 Spectrophotometer 
(Unidad de Biotecnología Genómica, Instituto de Estudios Avanzados, Caracas, 
Venezuela). Chi-square test was performed on Past 1.42 (Hammer et al. 2001).
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DNA amplification
PCR amplification (PTC100, M.J. Research Inc., Waltham MA 02451 USA) of the 

12S region of mtDNA (Kambhampati & Smith, 1995) using primers: SR-N+ 5’ TAC TAT 
GT TAC GAC TTA T 3’ and SR-J- 5’ AAA CTA GGA TTA GAT ACC C 3’. Each reaction 
was carried out in 25μl volume containing 0,5μmol/ μl of each oligonucleotide primer, 
0,5mM of each dNTP, 5μL of 10× PCR buffer, 1 U of Taq DNA polymerase, 4μL of 
the DNA extract, 4μL of MgCl2 and sterile water. The PCR thermal regime consisted 
of one cycle of 3 min at 95 °C; ten cycles of 30seg at 95 °C, 1 min at 40 °C and 1 
min at 72 °C; 25 cycles of 30seg at 94 °C, 1 min at 50 °C and 1 min at 72 °C and a 
final cycle of 7 min at 72 °C. The DNA bands were visualized on a 1.2% agarose gel.

The signal intensity of the bands in the gel was quantified by a densitometric image 
analysis (Clouds Analyzer http://sm.ocando.googlepages.com/programacloudsana-
lyzer, Venezuela, unpublished). The signal value of the strongest band was artificially 
set to 100% with the relative strength of a band from the ladder. Weaker signals were 
then calculated as a percentage of this value.

PCR product purification and sequencing
For purification and standard sequencing of 12S mtDNA primers, the sample was 

sent to the Macrogen Service Center (Korea) and identified using BLAST (Basic Local 
Alignment Search Tool).

RESULTS
DNA extraction

The fourth method (Modified Phenol/Chloroform/Isoamyl Alcohol protocol) yielded 
the highest quality and quantity of DNA (Table 1), with at least 1370 ng DNA/specimen 
and a purity of at least 2.15. A lower amount of DNA was extracted from methods 
two and three (Phenol/Chloroform and Phenol/Chloroform/Isoamyl Alcohol). The 
SDS-Ethanol extraction method (method 1) yielded DNA of a very low purity. Significant 
statistically difference, was found between methods (P<0.05).

Table 1. Concentrations of DNA extracted from Anacroneuria species using the different methods.
Anacroneuria sp.

A. cacute A. tachira A. paleta A. chorrera

DNA (ng/
μl)

DO
260/280

DNA (ng/
μl)

DO
260/280

DNA (ng/
μl)

DO
260/280

DNA (ng/
μl)

DO
260/280

 SDS-ethanol 0 0.2 0 0.2 0 0.1 0 0.1
 Phenol/Chloroform 58.2 1.70 59.5 1.74 80.8 1.82 85.4 1.96
 Phenol/Chloroform/
 Isoamyl Alcohol 233.8 1.49 233.6 1.99 280.8 1.99 266.2 1.68 

 Modified Phenol/    
 Chloroform/
 Isoamyl Alcohol

1370.0 2.19 1374.0 2.19 3200.4 2.15 4496.1 2.22

DNA amplification and PCR sequencing
The effectiveness of the three methods that yielded DNA was tested via PCR. 

Amplification of 12S region of mitDNA (430 bp) using equal amounts of total DNA 



57An Efficient Method for DNA Extraction from Preserved Stoneflies

from the Anacroneuria species studied, was evaluated. Clear bands of amplification 
products were produced for all methods although there were differences in the strength 
of the signals (Fig. 1).

Fig.1. Amplification products of the 12S region from preserved Anacroneuria species using four different 
DNA extraction methods. a) Marker, b) SDS-Ethanol, c) Phenol/Chloroform/Isoamyl Alcohol, d) Phenol/
Chloroform, e) Modified Phenol/Chloroform/Isoamyl Alcohol protocol.

The intensity of all the bands in relation to the ladder band was calculated (Fig. 2). 
The highest amount of PCR product (92%) was obtained using the Modified Phenol/
Chloroform/Isoamyl Alcohol protocol for DNA extraction. The Phenol/Chloroform/
Isoamyl Alcohol DNA extraction method also gave satisfying results, even though the 
signal was slightly weaker (57%). The Phenol/Chloroform extraction method produced 
weak band signals (7%), and null results were obtained with the SDS-Ethanol method.

Direct sequencing of the 12S region of the amplified PCR products gave sequences 
of around 260 bp. 

Fig. 2. Densitometric analysis of amplification products from Anacroneuria species. The signal value of the 
strongest band was artificially set to 100%. Weaker signals were then calculated as percentages of this 
value. All data are expressed alongside ± SD. (A) Marker, (B) SDS-Ethanol, (C) Phenol/Chloroform/
Isoamyl Alcohol, (D) Phenol/Chloroform, (E) Modified Phenol/Chloroform/Isoamyl Alcohol protocol.
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DISCUSSION
Preserved tissue samples and museum specimens are a vast repository of genetic 

information of interest to biological researchers (Wandeler et al. 2007). DNA is known 
to degrade post-mortem as a function of heat and time molecular-based studies are 
largely limited to recently collected samples preserved specifically for molecular work 
(Gilbert et al. 2007). Many museum specimens, particularly insects, are stored pinned 
and are not subjected to any further preservation treatment (Zimmermann et al. 2008).

The aim of this study was to compare different procedures for nucleic acid isolation 
in order to test their efficiency and practicability for obtaining DNA suitable for PCR 
amplification from ethanol preserved aquatic insects. This is the first comparative 
approach for studying methods of DNA extraction from preserved-alcohol stoneflies.

The suitability of isolated DNA as analyze for a given technique is generally 
determined by three important factors: (i) amount or concentration, (ii) purity and 
(iii) integrity of the DNA. Each of these factors can be influenced by the extraction 
technique employed and, in turn, impacts upon the validity of techniques applied in 
subsequent analysis (Freeland, 2007; Saunders, 1999).

Method 4 is particularly well suited for extracting DNA from stoneflies preserved in 
ethanol, producing DNA of a high quality and purity despite the fact that ethanol-fixed 
specimen are most difficult to obtained DNA (Lindahl, 1993; Schill, 2007). This 
method is a modification of the Halos et al. (2004) method: samples were subjected 
to two overnight steps, two repeats of the phenol/chloroform:isoamyl alcohol step 
and were then resuspended in distilled water, and is probably a good choice for the 
DNA extraction to species of many small invertebrates fixed in ethanol or specimen 
from museum.

Alcohol preserved specimens are very common in stoneflies, due to the fact that 
major research is focused in ecology or taxonomic studies (e.g. Steward & Stark, 2002) 
seeking to preserve the morphological structures. In the past years, as molecular 
studies in stoneflies are increasing, many studies used alcohol stored at -20°C for 
DNA studies (Fochetti, 1994; Fochetti & Nicolai, 1996; Fochetti et al. 1997; Hughes 
et al. 1999; Lees & Ward, 1987; Thomas et al. 2006; Terry, 2003; Schultheis, 2000; 
Yasick & Wolin, 2004; Wright & White, 1992), which leads to the possible degradation 
of DNA and reduce the efficacy of PCR.

The amplification of a fragment of the mitochondrial 12S DNA gene of stoneflies is 
an important and necessary positive control to confirm the efficiency of DNA extraction 
and the quality of the DNA being amplified, as well as the absence of potentially 
inhibitory factors (Halos et al. 2004). 

Post et al. (1993) have suggested that ethanol-preserved specimen could be affect 
sequence length of PCR product, and is a limitation of DNA studies. The sample 
stored and preservation method for specimens in this study affected the length of the 
sequence 12S, obtaining 60% of the length although it was possible to obtain high 
efficiency in DNA extraction method, but this percent of sequence length is a good 
result for amplification and could be used in DNA studies (Post et al. 1993).
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 All of the methods used for the extraction of DNA from stoneflies (Schultheis, 
2000; Thomas et al. 2006) have been developed for invertebrates (Giribet & Rivera, 
2000; Hovmöller et al. 2002; Villa & Bjöklund, 2004), but parts of the protocols may 
be adapted for special applications. Steward & Beckenbach (2006) obtained high 
yields using proteinase K digestion followed by phenol/chloroform/isoamyl alcohol 
DNA extraction, a method modified from a previous protocol developed by the same 
authors (Steward & Beckenbach, 2005). Nevertheless, the addition of an extra 
overnight storage period, used in this study, improves the isolation of DNA still further.

Besides the different commercially available extraction kits mentioned above, 
which have been designed for the simple and rapid isolation of high quality PCR 
reproducible genomic DNA in as little as a few minutes up to a few hours, Pfenninger 
et al. (2007) and Hughes et al. (2003) suggested another method for DNA extraction 
from aquatic insects, using CTAB and Chelex. These authors, however, did not give 
data for the quality or quantity of the DNA isolated. 

Schill (2007) obtained between 20 and 30ng of DNA per specimen with fresh tissue 
using tissue kits (GenElute™ Mammalian Genomic DNA Miniprep Kit, the NucleoSpin® 
Tissue DNA extracting kit and E.Z.N.A.® Tissue DNA II Kit) and suggested that these 
kits are the best methods for DNA isolation. In this study, however, the modified 
phenol:chloroform:isoamyl alcohol protocol exhibits a better quality DNA yields of 
between 1370 and 4496ng per preserved specimen.

The condition of DNA is one of the determining factors for successful PCR and 
depends on two factors: the quality and quantity of the template DNA. If there is little 
DNA available, amplification of the whole genome from small samples will be poor 
(Schill, 2007).

There are many different protocols available from different suppliers and those 
used represent a random selection of those available for the region to be amplified. 
However, the amounts of PCR product obtained in this study were sufficient for 
direct sequencing and provide alternative methods for DNA extraction for molecular, 
taxonomic and ecological studies.  

Molecular methods for species identification using short DNA sequences, known 
as DNA barcodes, signature sequences to identify molecular operational taxonomic 
units, have been proposed and developed to facilitate biodiversity surveys (e.g. 
Hajibabaei et al. 2007; Smith et al. 2008) and ecological studies (e.g. Smith et al. 
2007; Valentini et al. 2007) and identify different life-stages (e.g. Pauls et al. 2009; 
Waringer et al. 2007-2008). Our study shows that obtaining high quality DNA from 
extraction protocols is a key factor for ensuring good results in PCR amplificiation. 
From the four methods we tested the best quality and quantity of DNA from stonefly 
tissues was obtained using the modified protocol of Halos et al. (2004).
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