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Summary
Modern sequencing technologies such as massively parallel sequencing with high throughput require input of high quality DNA. Numerous
methods exist for the isolation of high quality DNA from insects, including commercially available kits such as the DNeasy® Blood & Tissue kit
(Qiagen) and the Isolate II Genomic DNA kit (Bioline). Here we isolated DNA from Helicoverpa armigera (cotton bollworm or old world
bollworm) using the DNeasy® method and the Isolate IT Genomic DNA kit, and assessed the use of pure, high molecular weight extracts for
genotyping by sequencing. High quality DNA suitable for genotyping by sequencing was only achieved using the DNeasy® Blood & Tissue kit.
Furthermore, selective tissue sampling from the head only proved vital in obtaining high quality DNA, with extracts from the thorax and abdomen

often degraded or containing low molecular weight contaminants.
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INTRODUCTION
Isolation of high molecular weight, contaminant-free
DNA is a prerequisite for many molecular techniques
including polymerase chain reaction (PCR),
restriction digestion, southern blotting, DNA library
preparation and NGS technologies. DNA extraction
from insects can be problematic due to the presence
of a hard chitinous exoskeleton that is difficult to
homogenize (Hill and Gutierrez 2003, Hubbard et al.
1995). Furthermore, for unknown reasons DNA from
some arthropods such as ixodid ticks is highly
susceptible to degradation (Hill and Gutierrez 2003,
Hubbard et al. 1995). The isolation of high quality
DNA can also be complicated by the high
concentration of plant phenolics and tannins in the
digestive tracts of xylophagous insects (Calder6n-
Cortés et al. 2010). Nevertheless, there are a number
of published methods for insect DNA isolation, the
majority of which are sodium dodecyl sulfate
(SDS)/proteinase K based protocols (Chen et al.
2010, Henry et al. 1990, Hill and Gutierrez 2003),
various cetyltrimethylammonium bromide (CTAB)
methods (Calderén-Cortés et al. 2010, Chen et al.
2010), and commercially available kits
(Ammazzalorso et al. 2015, Chen et al. 2010, Gilligan
et al. 2015). The SDS and CTAB methods are
somewhat time-consuming and need a fume hood to
operate because of hazardous reagents (i.e. phenol
and chloroform). Commercial kits such as the
DNeasy” Blood and Tissue kit and Isolate IT Genomic
DNA kit are more time-efficient, and use spin
columns with DNA-binding silica membranes and a
buffer system for cell lysis, DNA binding and elution.
The various extraction methods differ in terms of
quality and quantity of extracted DNA (Chen et al.
2010), and thus selection of an appropriate isolation
technique is largely influenced by the requirements
for intended downstream molecular use. For instance,

NGS technologies require several micrograms of high
quality DNA i.e. high molecular weight DNA with
little contamination from RNA or protein (Healey et
al. 2014).

H. armigera is a major agricultural pest in Australia,
Asia and Africa with demonstrated resistance to a
range of synthetic insecticides (Forrester et al. 1993).
Successful isolation of DNA from H. armigera is the
first step to understanding the molecular basis of
resistance to synthetic insecticides and Br-toxins.
Here we investigate the use of the DNeasy” Blood &
Tissue kit and the Isolate II Genomic DNA kit to
extract high quality DNA suitable for GBS, from
single H. armigera larvae and adults. Furthermore,
we investigate whether the quality of isolated DNA is
dependent upon selective tissue sampling of the head,
thorax and abdominal segments.

MATERIALS and METHODS

Insects

H. armigera were obtained from a colony maintained
at the Australian Cotton Research Institute, New
South Wales Department of Primary Industries,
Narrabri, Australia. Larvae were reared on an
artificial diet of which soybean flour and wheat germ
were the main constituents. Adults were
supplemented with a 4% honey/sugar solution.
Larvae and adults were collected alive and stored as a
bulk sample or individually in RNA/ater® (Sigma-
Aldrich, USA Lithuania) at -20 °C until required.

DNA extractions

Initially DNA was extracted from random,
unspecified segments of H. armigera larvae (third
instar, ~ 8-13 mm) and adults using the DNeasy”
Blood & Tissue kit (Qiagen, Germany), producing
variable DNA yield and quality. To determine
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whether such variation in DNA quality was
associated with the use of specific tissues (i.e the
head, thorax or abdomen) larvaec were divided into
eleven segments: head (H), prothorax (T1),
mesothorax (T2), metathorax (T3), and seven
abdominal segments (A1-A7); and the adult into
seven segments: head (H), thorax (T1-T2), and four
abdominal segments (A1-A4). DNA was extracted
using the DNeasy” Blood & Tissue kit or the Isolate
IT Genomic DNA kit according to the manufacturer’s
instructions.

Briefly, the DNeasy® Blood & Tissue kit, required
samples were homogenized using a disposable
microtube pestle in 180 pL sterile 1 x phosphate
buffered saline (PBS) (Sigma-Aldrich, USA), and
lysed at 56 °C for 10 min in the presence of 20 pL
proteinase K and 200 pL Buffer AL. DNA was
precipitated with 200 pL of pure ethyl alcohol
(Sigma-Aldrich, USA) and the mixture pipetted
directly onto the silica-based membrane of a DNeasy”
Mini spin column placed in a 2 mL collection tube.
DNA was bound to the membrane by centrifugation
at 16,300 x g for Imin. The column was washed with
500 pL of Buffer AW1 followed by 500 pL of Buffer
AW2. To ensure any residual ethyl alcohol was
removed from the column, a final centrifugation step
was performed at 16,300 x g for 3 min. DNA was
eluted in 200 pL Buffer AE at room temperature.

The Isolate II Genomic DNA Kit required larvae
segments to be homogenized using a disposable
microtube pestle in 50 pL of 1 x PBS, and incubated
for 1 hr at 56 °C in the presence of 180 uL Lysis
Buffer GL and 25 pL proteinase K solution. Samples
were lysed in 200 pL Lysis Buffer G3, vortexed and
incubated at 70 °C for 10 min. Pure ethyl alcohol (200
pL) was added and samples were vortexed before
being pipetted into a Spin Column placed into a
Collection Tube. DNA was bound to the column by
centrifugation at 11,000 x g for 1 min. The column
was washed with 500 uL. Wash Buffer GW1 and 600
uL  Wash Buffer GW2, and then dried by
centrifugation at 11,000 x g for 1 min. DNA was
eluted in 100 pL of Elution Buffer G (pre-heated to
70 °C).

To increase DNA yield and quality, we included the
following modifications to standard procedures:
addition of 10 pL of RNase A (100 mg/mL) prior to
lysis; doubling the amount of proteinase K, Buffer
AL and pure ethyl alcohol; performing the lysis step
overnight; and/or eluting DNA at room temperature
versus 70°C.

Evaluation of DNA quality

The yield and quality of extracted DNA was
estimated using the Nanodrop™ 2000
Spectrophotometer. Samples were further analysed by
gel electrophoresis on a 1% agarose gel in 1%
Tris/Acetic  Acid/Ethylenediaminetetraacetic ~ Acid
(TAE) Buffer (Bio-Rad, USA) and visualized using
GelRed™ stain (Jomar Diagnostics, USA). The
lambda DNA/HindIll marker (Life Technologies,
Australia) with known band size and concentration
was included on the gel. Samples were prepared for
gel electrophoresis by adding 4 pL of 6 x DNA Gel
Loading dye (Life Technologies, Lithuania) to 7 uL
of undiluted DNA.

Genotyping by Sequencing

To confirm the suitability of DNA isolated from the
head of H. armigera larvae and adults via the
DNeasy” method for downstream NGS technologies,
we carried out genotype by sequencing (GBS) for 95
DNA samples (73 larvae and 22 adults). The GBS
library comprising 95 DNA samples and a negative
(no DNA) control were processed by the Genomic
Diversity Facility at Cornell based on Elshire et al.
(2011). Each DNA sample was digested individually
with Pstl and ligated with unique adapters (barcodes)
and a common adapter. Ligated DNA samples were
purified, pooled and amplified by PCR. The pooled
DNA library was sequenced on one lane of the
Illumina HiSeq 2000 at the Genomic Diversity
Facility at Cornell University (New York, USA). The
raw sequence passed quality controls set by Illumina
for downstream analysis. The criterion of GBS
quality was valid tag counts defined as a unique
sequence read which starts with a barcode containing
the Pstl restriction sequence and did not contain any
uncalled bases. The number of valid tags was
obtained by Tassel filter (Tassel 5) (Glaubitz et al.
2014).

RESULTS

DNA extractions

For the DNeasy” method, high quality DNA from
larvae could only be recovered from the head and first
thoracic segment (Fig. 1). Smearing indicative of
degraded DNA and low molecular weight
contaminants was evident in the larvae meso and
metathorax as well as abdominal samples, especially
those taken from the first to the fifth abdominal
segment (Fig. 1). Smearing was less pronounced in
adult segments compared with larvae, with only the
thoracic adult segments proving unreliable (Fig. 1). In
contrast to the DNeasy” method, the Isolate II
Genomic DNA kit was inappropriate for extraction of
DNA from H. armigera with smearing and the
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presence of low molecular weight contaminants being
evident in all larvae segments including the head (Fig.

).

Attempts to improve quality of DNA isolated from

the head of larvae using modified procedures to the

standard DNeasy” method were unsuccessful (Fig. 2).

Certainly, elution of DNA at 70°C (Fig. 2, Lanes 9-
A

Larvae

12) resulted in the co-purification of low molecular
weight contaminants (Fig. 2). Furthermore, there was
no increase in the intensity of the high molecular
weight band when double the amount of proteinase K,
Buffer AL and ethyl alcohol were used (Fig. 2, Lanes
1-2), or when the lysis incubation step was increased
from 10min (Fig. 2, Lanes 1-6) to overnight (Fig. 2,
Lanes 7-12).
B
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Figure 1. A) Genomic DNA preparations of representative Helicoverpa armigera larvae and adult segments (head: H; thorax: T; prothorax: T1;
mesothorax: T2; metathorax: T3; abdominal segments: A1-A7) purified using the DNeasy” Blood & Tissue kit according to the manufacturer’s
supplementary protocol for purification of total DNA from insects and resolved by electrophoresis. M: Lambda DNA/HindIII Marker. B)
Genomic DNA preparations of representative Helicoverpa armigera larvae segments (head: H; thorax: T; prothorax: T1; mesothorax: T2;
metathorax: T3; abdominal segments: A1-A7) purified using the Isolate II Genomic DNA Kit according to the manufacturer’s protocol for
purifying genomic DNA from cultured cells and human or animal tissue.
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Figure 2. Genomic DNA preparations of Helicoverpa armigera larvae (head only) purified using the DNeasy” Blood & Tissue kit according to
the manufacturer’s supplementary protocol for purification of total DNA from insects and resolved by electrophoresis.

Evaluation of DNA quality

The 260/280 absorbance ratios for DNA isolated
using the DNeasy” Blood & Tissue kit were
indicative of relatively pure samples, whereas DNA
extracted using the Isolate II Genomic DNA kit were
less pure (Table 1). Whilst absorbance readings

provided an estimate of DNA purity it cannot detect
degraded DNA as was evident in the agarose gels for
DNA isolated from the thorax and abdomen of larvae
using the DNeasy” method, and for all samples
extracted using the Isolate 11 Genomic DNA kit (Fig.

).



62 GEN. APP. ENT. VOL 45, 2017

Table 1. UV absorbance profiles and estimated DNA concentration for H. armigera genomic DNA extracts as measured using the Nanodrop™
2000 Spectrophotometer. ND: concentration below Ong/uL.

Sample Extraction method | Concentration | A260/A280 | A260/A230
(ng/pL)
H (larvae, Fig.1) DNeasy” 37.2 2.12 3.59
T (larvae, Fig. 1) DNeasy” 393 1.94 2.44
T1 (larvae, Fig. 1) DNeasy” 108.0 2.10 2.20
T2 (larvae, Fig. 1) DNeasy” 144.7 2.16 2.33
T3 (larvae, Fig. 1) DNeasy” 153.0 2.13 2.32
Al (larvae, Fig. 1) DNeasy” 109.6 2.14 1.95
A2 (larvae, Fig. 1) DNeasy” 189.3 2.16 2.38
A3 (larvae, Fig. 1) DNeasy” 264.0 2.13 2.23
A4 (larvae, Fig. 1) DNeasy” 81.1 1.96 1.94
AS (larvae, Fig. 1) DNeasy” 400.1 2.13 2.19
A6 (larvae, Fig. 1) DNeasy” 270.8 1.98 2.02
A7 (larvae, Fig. 1) DNeasy” 170.5 2.12 2.28
H (adult, Fig. 1) DNeasy” 105.5 1.78 0.73
T1 (adult, Fig. 1) DNeasy” 8.3 1.93 20.73
T2 (adult, Fig. 1) DNeasy” 11.3 2.03 0.99
Al (adult, Fig. 1) DNeasy” 18.2 2.04 1.36
A2 (adult, Fig. 1) DNeasy” 22.7 1.87 1.61
A3 (adult, Fig. 1) DNeasy” 32.7 1.83 1.29
A4 (adult, Fig. 1) DNeasy” 41.4 1.71 1.02
1 (larvae, Fig. 2) DNeasy” 19.8 2.02 1.40
2 (larvae, Fig. 2) DNeasy” 26.1 2.11 231
3 (larvae, Fig. 2) DNeasy” 39.2 2.13 4.32
4 (larvae, Fig. 2) DNeasy” 67.5 2.00 1.69
5 (larvae, Fig. 2) DNeasy” 146.4 2.17 2.10
6 (larvae, Fig. 2) DNeasy” 27.0 2.17 1.83
7 (larvae, Fig. 2) DNeasy” 14.3 2.08 1.25
8 (larvae, Fig. 2) DNeasy” 353 2.12 2.14
9 (larvae, Fig. 2) DNeasy” 22.0 2.23 1.66
10 (larvae, Fig. 2) DNeasy” 53.6 2.20 1.89
11 (larvae, Fig. 2) DNeasy” 161.7 2.16 2.29
12 (larvae, Fig. 2) DNeasy” 78.3 2.12 2.12
H (larvae, Fig.1) Isolate II Kit 40.0 -15.74 -0.21
T1 (larvae, Fig. 1) Isolate II Kit 101.5 4.05 -0.59
T2 (larvae, Fig. 1) Isolate II Kit 190.6 2.88 -1.44
T3 (larvae, Fig. 1) Isolate II Kit 276.1 2.58 -2.99
Al (larvae, Fig. 1) Isolate II Kit 203.0 2.79 -1.56
A2 (larvae, Fig. 1) Isolate II Kit 391.3 2.44 -9.54
A3 (larvae, Fig. 1) Isolate II Kit 363.0 243 -7.41
A4 (larvae, Fig. 1) Isolate II Kit 373.6 242 -7.45
AS (larvae, Fig. 1) Isolate II Kit 414.4 2.36 -18.79
A6 (larvae, Fig. 1) Isolate II Kit 354.8 2.36 -8.07
A7 (larvae, Fig. 1) Isolate II Kit 192.6 2.86 -1.54
A8 (larvae, Fig. 1) Isolate II Kit 119.8 3.54 -0.74
Genotyping By Sequencing plus cut site remnant sequence). The number of tag
DNA extracted from the head of H. armigera larvae generated per sample ranged from 285,389 to
and adults using the DNeasy” method generated 6,607,756 (Fig. 3) and is sufficient for genotype

258,825,273 valid tag (reads starting with barcode calling.
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Figure 3. Distribution of sequence reads which contained the
barcode and restriction enzyme cut sequence. Mean + sem.

DISCUSSION

In general low molecular weights and/or DNA
smearing were less in adult segments than in larvae. It
is uncertain why tissue sampling was less problematic
in adults compared with larvae. However, previous
studies have used head, thorax, wings or legs to avoid
phenolic compounds and other plant contaminants in
the digestive tract which can co-precipitate with
genomic DNA during extraction (Calderon-Cortes et
al. 2010, Horne et al. 2004, Juen and Traugott, 2006,
Wong et al. 2014). Additionally in the larvae
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apoptosis may have been a contributing factor to
obtaining lower-quality DNA from abdominal
segments compared with the head. Apoptosis
(programmed cell death) plays a central role in insect
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Similarly, expression of another caspase gene
(Cscaspase-1) was shown to be higher in the midgut,
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foregut and head of Chilo suppressalis (striped rice
stemborer) (Lu et al. 2013)

In conclusion, we consider the extraction of high
quality DNA from H. armigera larvae and adults
preserved in RNAlater® is largely dependent on use
of an appropriate isolation method and selective
tissue sampling. If precise sample selection is
followed by avoiding thorax and abdominal section in
larvae, the DNeasy” method can be used to isolate
high quality genomic DNA suitable for use in
downstream GBS applications.
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