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Dried specimens of insects are increasingly seen as genetic resources. However, genetic analysis of dried
specimens of insects is hampered by the deterioration of the DNA. In this study, we developed methods for
preparing dried specimens of insects with well-preserved DNA, mainly for PCR-based genetic analysis.
First, we compared the effects of either exposure to ethyl acetate vapour for from 10 min to 6 h or by
freezing on the fragmentation of DNA in order to determine optimal length of time needed for killing insects
using the above methods. Second, we compared the fragmentation of DNA after preservation by drying or
immersion of legs in 99.5% ethanol or 99% propylene glycol in 0.2-ml tubes. We assessed degrees of
fragmentation of DNA by determining polymerase chain reaction (PCR) success rates with primers for 313, 710- and 1555-bp fragments using DNA that was collected immediately, and at one, six and 12 months
after preparing the specimens. Differing times taken to kill insects did not affect the fragmentation of DNA.
In dried specimens, DNA was seriously fragmented after one month, whereas that in legs prepared by
immersion in 99.5% ethanol or 99% propylene glycol contained long fragments of DNA (1555 bp~) after
12 months. Propylene glycol was more suitable for preservation than ethanol, because the latter
evaporates. Thus, to preserve insect DNA we suggest inserting the pin on which an insect is impaled into
the hinged lid of a 0.2-ml tube containing 99% propylene glycol so that when the lid is closed the legs of
the insect are preserved in the solution.
Keywords: orthoptera, gryllidae, Acheta domestica, DNA fragmentation, dried specimens of insects,
genetic analysis, propylene glycol
INTRODUCTION
Insect specimens contain valuable genetic information (Wandeler et al., 2007; Tin et al., 2014;
Nakahama et al., 2018). Such information is being used in applied entomol- ogy, conservation genetics and
taxonomy, and reveals the history of the DNA sequences (Tin et al., 2014; Hausmann et al., 2016; Haran
et al., 2018; Nakahama et al., 2018). However, there were very few studies on genetic informa- tion obtained
from dried specimens of insects before the 2000s, because the rapid degradation of DNA in dried specimens
of insects renders them unsuitable for genetic analyses (Wandeler et al., 2007; Nakahama & Isagi, 2017).
In recent years, there have been many genetic analyses of dried specimens of insects, which reflects
advances in genetic analyses of specimens with degraded DNA using high throughput sequencing and PCR12
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based analysis (Tin et al., 2014; Suchan et al., 2016; Nakahama & Isagi, 2017). Genetic analyses using
dried specimens of insects nonethe- less remain technically difficult and costly. Hence it is im- portant to
develop methods for improving the preservation of DNA in insect specimens.
To prevent degradation, DNA samples are generally pre- served in 95–99.5% ethanol or acetone, or in
a freezer, or a combination of these (preserved in 95–99.5% ethanol or acetone and stored in a freezer at
−20°C to −80°C) because this prevents DNA degradation (Reiss et al., 1995; Quicke et al., 1999; Vink et
al., 2005; Nasu et al., 2016). However, the maintenance and space costs associated with immersed or frozen
specimens are greater than those associated with dried specimens. The preservation of frozen specimens requires large freezers, which are expensive and may have limited space for specimen preservation and
immersed specimens must be regularly checked to ensure that the stock solution has not evaporated. In
addition, morphologi- cal observations and dissections of 99% ethanol-immersed specimens are difficult
due to dehydration (Naem et al., 2010). To overcome these problems, we tested whether DNA in the legs
of dried specimens of insects can be pre- served for a long time. To this end we suspended insects on a pin
in 0.2-ml tubes with only the legs immersed in the preservation solution. We also considered the methods
used for killing insects, because apart from dragonflies and butterflies, most insects are killed by exposing
them to the vapour of ethyl acetate (Baba & Hirashima, 2000), which results in a rapid degradation of the
DNA (Reiss et al., 1995; Quicke et al., 1999). Thus, we compared the in- tegrity of the DNA from insects
that were killed either with ethyl acetate vapour or by freezing. Then, we compared preservatives in order
to avoid ethanol and acetone which are unsuitable because they evaporate rapidly (evaporation rate of
ethanol = 1.4 and acetone = 7.7 compared with n- butyl acetate = 1). We used propylene glycol because it
does not evaporate (evaporation rate = 0.01 compared with n-butyl acetate = 1) and is known to preserve
DNA (Vink et al., 2005). Herein, we assessed the degree of fragmentation of DNA by determining
polymerase chain reaction (PCR) success rates. We also present methods for preparing and preserving dried
specimens of insects with limited degra- dation of DNA for mainly PCR-based genetic analysis.
FIGURE 1
PHOTOGRAPH OF AN INSECT SPECIMEN TAKEN FROM (A) ABOVE AND (B) THE SIDE,
FOLLOWING PREPARATION USING THE RECOMMENDED METHOD
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MATERIAL AND METHODS
Preparation of Insect Specimens
Female adult Acheta domestica (Orthoptera: Gryllidae) that were reared for feeding reptiles were
purchased. Dry specimens were prepared using each of the following nine methods: (1) ex- posure to ethyl
acetate vapour for ten minutes and preservation of whole bodies by drying, (2) exposure to ethyl acetate
vapour for 1 h and preservation of whole bodies by drying, (3) exposure to ethyl acetate vapour for 6 h and
preservation of whole bodies by drying, (4) freezing at −30°C for 24 h and preservation by drying, (5)
exposure to ethyl acetate vapour for 1 h followed by dehydration in 99.5% ethanol for 24 h and preservation
of front and middle legs in 0.2-ml tubes containing 99.5% ethanol, (6) exposure to ethyl acetate vapour for
1 h followed by dehydration in 99.5% ethanol for 24 h and preservation of front and middle legs in 0.2-ml
tubes containing 99% propylene glycol, (7) freez- ing at −30°C for 24 h followed by dehydration in 99.5%
ethanol for 24 h and preservation of front and middle legs in 0.2-ml tubes containing 99.5% ethanol, (8)
freezing at −30°C for 24 h and de- hydration in 99.5% ethanol for 24 h followed by preservation of front
and middle legs in 0.2-ml tubes containing 99% propylene glycol, and (9) freezing at −30°C for 24 h and
preservation of front and middle legs in 0.2-ml tubes containing 99% propylene glycol (Table 1). Following
the methods (5), (6), (7), (8) and (9), bodies of the insects were preserved as dried specimens without front
and middle legs (Fig. 1). After methods (1), (2), (3) and (4), the effects of exposure to ethyl acetate vapour
and freezing for different periods of time were compared by monitoring the fragmentation of DNA.
Comparisons of the results of methods (1) and (9) indicated whether drying or immersion in ethanol or
propylene glycol affected the fragmentation of DNA in preserved specimens. Comparisons of those of
methods (8) and (9) revealed the effects of dehydration on fragmentation of DNA in tissues. Dilution of
preservative solutions by the water from insect tissues reportedly promotes DNA fragmentation (Quicke et
al., 1999; Stevens et al., 2011; Ferro et al., 2013). Each method was car- ried out using 12 samples. The
weights of front and middle legs were 2.63 ± 0.12 mg and 2.56 ± 0.09 mg, respectively (means ± standard
errors). After storage for zero (immediate group), one, six and 12 months, we measured DNA lengths using
polymerase chain reactions (PCR). Prior to DNA extraction and PCR, we pre- served legs in 99.5% ethanol
at −30°C so that DNA degradation would not proceed. In the immediate group, we only measured DNA
lengths following methods (1), (2), (3) and (4), because the results obtained using the other methods were
the same.
Measurements of DNA fragmentation
To evaluate DNA fragmentation, we determined PCR suc- cess rates with DNA from each specimen,
as in previous stud- ies (Kigawa et al., 2003; Särkinen et al., 2012; Nakahama & Isagi, 2017). The PCR
products of the primer pairs used were 313 bp, 710 bp and 1555 bp. The presence of DNA fragments that
were longer than the PCR products indicated successful PCR amplification. From the 12 samples used in
each method, we randomly selected eight for measurements of DNA fragment lengths. Genomic DNA was
extracted from single front or mid- dle legs using the phenol-chloroform method. The DNA extrac- tion
protocol is described in Appendix 1. DNA fragment lengths were determined using PCR with primer pairs
for
313
(mlCOI-intF:
GGWACWGGWTGAACWGTWTAYCCYCC,
HCO2198-N-2175:
TAAACTTCAGGGTGACCAAAAAATCA, Leray et al., 2013), 710 (LCO1490-J-1514:
GGTCAACAAATCATAAAGATATTGG,
HCO2198-N-2175:
TAAACTTCAGGGTGACCAAAAAATCA,
Folmer
et
al.,
1994)
and
1555
bp
(COI
TY-J1460:
TACAATCTATCGCCTAAACTTCAGCC, Tl2-N-3014: TCCATTGCACTAATCTGCCATATTA,
Simon et al., 1994).
PCR reactions were performed in total volumes of 10 μL contain- ing 10 ng of template DNA, 1 × Ex
Taq buffer, 200-μM dNTPs, 0.2-μM primers and 0.25 U of Ex Taq (Takara). Amplification profiles for
mlCOIintF and HCO2198-N-2175 included initial denaturation at 95°C for 1 min, followed by 37 cycles
of 94°C for 30 s, 44°C for 40 s and 72°C for 1 min, and a final exten- sion at 72°C for 10 min. Amplification
profiles for the other two primer pairs included initial denaturation at 95°C for 15 min, fol- lowed by 35
cycles of 94°C for 30 s, 47°C for 1 min and 72°C for 1.5 min, and a final extension at 72°C for 10 min. All
14
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PCR procedures were performed three times independently to com- pensate for technical failures. After
mixing PCR products, fluo- rescence intensities of each sample were analysed using MultiNA (Shimadzu).
PCRs were considered successful for samples with clear peaks.
RESULTS
PCR Success Rates for Each Method are Indicated in Table
DNA fragments of 313, 710 and 1555 bp were ampli- fied for all the methods and leg samples
immediately after preparing specimens. DNA fragments of 313 bp were also amplified from all leg and
body samples that were prepared using all the test methods and were stored for 0–12 months. Amplification
rates of 710- and 1555-bp fragments, how- ever, decreased with increase in the time the samples of legs
were stored dry [Methods (1), (2), (3) and (4)] with decrease more for the 1555-bp than the 710-bp
fragments. In contrast, the DNA fragments of 313-, 710- and 1555-bp were amplified successfully from
samples of legs that were prepared using either 99.5% ethanol or 99% propylene gly- col [Methods (5), (6),
(7), (8) and (9)] after 0–12 months of storage. Differences in exposure times to ethyl acetate vapour or
freezing did not affect amplification rates.
TABLE 1
KILLING AND PRESERVING METHODS AND PCR SUCCESS RATES USING INSECT
KILLED AND PRESERVED BY EACH OF THE DIFFERENT METHODS

* Bold characters indicate PCR success lower than 100%. ** When analyses were performed immediately, DNA
lengths were determined using only four methods [(1), (2), (3) and (4)] because the insects were killed in the same
way in methods of (5), (6), (2), (4), (7), (8) and (9).
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DISCUSSION
Contrary to a previous study (Quicke et al., 1999), we observed no significant differences in the
fragmentation of DNA of the insects killed either by exposure to ethyl ace- tate vapour or freezing. In this
study, exposure to ethyl ace- tate vapour was too short (from 10 min to 6 h) to cause sig- nificant
fragmentation of the 1555 bp during insect death. However, when killed by ethyl acetate vapour and dried
slowly mounted on a pin DNA degrades rapidly (Quicke et al., 1999). Thus, to preserve long DNA
fragments, killing times in ethyl acetate vapour should be short and tissues should be preserved in a freezer
or in ethanol or propylene glycol as soon as possible.
Unlike the different modes of killing, those for preserv- ing the tissues (immersion in ethanol or
propylene glycol or drying) had significant effects on the fragmentation of the DNA in insect specimens.
Many previous studies show that immersion of specimens in preservatives, such as, ethanol and propylene
glycol preserve long fragments of DNA, whereas DNA in dried specimens rapidly degrades (Quicke et al.,
1999; Vink et al., 2005; Hebert et al., 2013). Although dry specimens of insects, which contain only degraded DNA, have been widely used in genetic analyses, these analyses are much more difficult than when
using fresh samples (Wandeler et al., 2007; Hebert et al., 2013; Nakahama et al., 2018). Although
immersion in ethanol or propylene glycol may be appropriate for preserving long fragments of DNA, dried
insects are more appropriate for morphological observations. Thus, we suggest that genetic information can
be preserved in the legs kept in preserva- tives, leaving the bodies for morphological studies.
Fragmentation of DNA after immersion in propylene glycol did not differ between samples that were
dehydrated and those that were not dehydrated. Generally, dehydra- tion by substitution is recommended,
because dilution by water from insect tissues can increase the risk of fragment- ing DNA (Quicke et al.,
1999; Stevens et al., 2011; Ferro et al., 2013). In this study, no serious fragmentation of DNA was recorded
because only small amounts of tissue were preserved in the tubes. However, when large amounts of tissue
are preserved, dehydration with 99.5% ethanol or propylene glycol may prevent dilution.
We could not determine whether fragments of DNA longer than 1556 bp remain intact because we only
tested PCR for 313–1555-bp fragments. Therefore, we do not conclude that this method of preserving DNA
can be used in analyses that require very high-quality DNA, such as long PCR or restriction associated
DNA sequence (RAD- seq) analyses (Miller et al., 2007). However, this method could be used at least for
PCR-based analysis, such as sanger sequencing and microsatellite analysis. This meth- od could also be
used in high-throughput genotyping or sequencing techniques, which do not require high-quality DNA,
such as genotyping using sequencing multiplexed ISSR (MIG-seq; Suyama & Matsuki, 2015), target
capture (Kawahara et al., 2018) and mitogenome resequencing (Mikheyev et al., 2017). Although this study
did not deter- mine the preservation of arthropod samples in 95% ethanol or acetone in a freezer (at −20°C
to −80°C), this method is recommended for analyses requiring very high-quality DNA (Quicke et al., 1999;
Vink et al., 2005). Although this is the best method for preserving the quality of DNA when there is
sufficient space, our method has the advantage of maintaining a certain DNA length (~1555 bp) at a lower
cost in terms of maintenance and space. We also assessed samples that were stored for up to 12 months. In
future studies, we will report the rates of fragmentation of DNA in samples preserved for 10 years.
In this study, we could not determine how many times DNA can be extracted from preserved samples
of legs, be- cause the amount of DNA remaining in samples of legs was not assessed. If we attempted to
reuse a leg from which DNA had already been extracted, extracting a large amount of DNA would not have
been possible because the muscle tissue had already been digested by proteinase K. For PCR-based analyses
that do not require a large amount of DNA, it may be appropriate to use part of the leg tissue and preserve
the remaining tissue for future analysis.
Fragments of DNA of 1555 bp were amplified from sam- ples of legs that were preserved in either
99.5% ethanol or 99% propylene glycol, whose evaporation rates (compared with n-butyl acetate = 1) are
1.4 and 0.01, respectively. Whereas propylene glycol is less likely to evaporate than ethanol, exposure to
UV can result in the decomposition of propylene glycol into other substances, such as water, ace- tone and
2-propanol (Inoue et al., 1966; Kim & Hoffman, 2008). Thus, if the specimens are exposed to light, tubes
containing samples of DNA in propylene glycol should be wrapped in aluminium foil to protect the contents
16
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from light. In addition, if the 0.2 ml tube can rotate there is a risk that it will damage surrounding specimens,
therefore, the samples of DNA in tubes should be prevented from rotat- ing by means of insect pins.
The methods for preserving samples of DNA along with dry insect specimens we recommend are
depicted in Fig. 1 as follows: (I) insects should be killed by exposing them to ethyl acetate vapour for a
short period of time (~1 h) or by freezing; (II) legs (or other tissues) should be removed immediately from
the body and preserved in 0.2 ml PCR tubes containing 99% propylene glycol. If the volume of the legs is
too large for the tubes, the legs should be dehy- drated using either 99% ethanol or propylene glycol; (III)
insert the insect pin on which the sample is impaled into the hinge of a 0.2 ml tube and keep this DNA
sample with the dried specimen. If the specimen is to be exposed to light, wrap the tube in aluminium foil
to prevent degrada- tion of propylene glycol; (IV) then fix the 0.2 ml tube with insect pins to prevent it
rotating and damaging surrounding specimens. This method does not require expensive items or reagents.
Collecting of specimens along with preserved DNA will make historical genetic information available.
In this study, we developed a method for preserving the DNA with dried specimens of insects. After
preservation in 99% propylene glycol long fragments of DNA (at least 1555 bp) remain intact for at least a
year. This method can be used when space is limited and has the added advantages that it costs very little
and preserves morphological in- formation, because the DNA samples are preserved along with the dried
specimens. Therefore, this method will add value by making dried specimens of insects a genetic re- source.
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APPENDIX
THE DNA EXTRACTION PROTOCOL
Solutions and reagents
•
CTAB buffer: 1% CTAB (Cetyl trimethyl ammonium bro- mide), 0.7 M NaCl, 13 mM EDTA-2Na,
50 mM Tris–HCl (pH 8.0)
•
100% isopropanol
•
1M DTT (DL-Dithiothreitol)
•
3% SDS
•
70% ethanol
•
Proteinase K 20mg/ml
•
RNase A
•
TE (Tris-EDTA) buffer
•
TE saturated phenol
•
Chloroform: isoamyl alcohol (24: 1)
DNA extraction
•
Transfer one front or middle leg to a 1.5 ml tube.
•
Add 235 μl of CTAB buffer, 15 μl of 3% SDS, 5 μl of Protein- ase K, and 13.4 μl of DTT.
•
Spin down and incubate at 56°C overnight.
•
Add 125 μl of TE saturated phenol, 125 μl of chloroform: isoamyl alcohol (24: 1). Mix well.
•
Centrifuge at 6,000 rpm for 10 min at room temperature.
•
Transfer 200 μl of supernatant to a new tube.
•
Add 200 μl of 100% isopropanol. Mix well.
•
Centrifuge at 6,000 rpm for 8 min at room temperature.
•
Discard the supernatant.
•
Add 200 μl of 70% ethanol.
•
Centrifuge at 6,000 rpm for 8 min at room temperature.
•
Discard the supernatant. Air dry pellet.
•
Resuspend pellet in 30 μl of TE buffer.
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