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INTRO DUC TIO N

More than two- thirds of all terrestrial species are arthro-
pods (Purvis & Hector,  2000) and among these, insects 
are the most abundant and diverse group (Stork,  2018). 
Arthropods play central roles in a variety of ecosystem 
functions including pollination (Ollerton et al.,  2011), 
pest control (Redhead et al.,  2020), and decomposition 
(Wu et al.,  2015) and are central in food webs (Nyffeler 
et al., 2018). A decline in the number of insects has been 

shown in several studies in the last years, with a poten-
tial for strong negative consequences on ecosystems and 
human health (Seibold et al., 2019; Forister et al., 2021). To 
understand the drivers of insect decline and to monitor 
the success of conservation efforts, quick and reliable de-
tection methods are necessary; however, these are often 
limited by the significant taxonomical expertise needed 
to identify species morphologically (Staab et al.,  2015; 
Dopheide et al.,  2019). To facilitate rapid identification of 
species, genetic methods such as metabarcoding have 
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Abstract
Genetic methods for species identification are becoming increasingly popular and 
can accelerate insect monitoring. However, obtaining good DNA quality and quan-
tity from insect traps remains a challenge for field studies. Ethylene glycol, propylene 
glycol, and Renner solution have been previously suggested as suitable preservatives 
for the collection of genetic material, but a systematic overview of their performance 
under compromising field conditions is lacking. Here we experimentally test whether 
and how different preservatives affect DNA quality under different conditions and 
evaluate how choice of preservative may affect metabarcoding and more demanding 
downstream applications (e.g., RADseq). For this, we used the house cricket, Acheta do-
mesticus (L.) (Orthoptera: Gryllidae), and tested propylene glycol, ethylene glycol, and 
Renner solution for their ability to preserve DNA over 27 days in various dilutions and 
temperatures. DNA quality was measured as DNA fragmentation and success rates in 
PCR amplifying a COI fragment of 658, 313, or 157 bp. Undiluted propylene glycol and 
ethylene glycol always retained high molecular weight DNA at room temperature. No 
high molecular weight DNA was preserved at 37 °C or in any dilution. Nevertheless, 
the COI sequence could be amplified from samples at every condition. Renner solu-
tion did not preserve high molecular weight DNA and fragmentation increased over 
time at 37 °C until amplification was impossible. The results suggest that propylene 
glycol and ethylene glycol are suitable preservatives for collecting both genetic and 
morphological material, but dilution or high temperatures compromise their ability to 
preserve high molecular weight DNA. For genomic approaches requiring high DNA 
quality, additional preservatives may need to be tested.
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become increasingly popular (Uhler et al.,  2021; Leroy 
et al., 2022), but they add DNA preservation as an import-
ant new requirement for insect trap fluids, besides the 
preservation of morphological features.

Commonly used sampling methods such as flight- 
interception traps (Micó et al.,  2015; Knuff et al.,  2019), 
Malaise traps (Karlsson et al., 2020; Skvarla et al., 2021), or pit-
fall traps (Lange et al., 2014) often need to be in the field for 
extended periods of time (several weeks) to sample a rep-
resentative fraction of the local community. Furthermore, 
when sampling in isolated locations, collection intervals 
for traps may be even longer due to difficulties in access-
ing the area (Aristophanous,  2010). During the sampling 
period, the DNA of the collected specimens is suscepti-
ble to degeneration by exonucleases (Barnes et al.,  2014) 
and chemical influences, e.g., acid hydrolysis induced 
by changes in pH (Strickler et al.,  2015; Tsuji et al.,  2017). 
Degradation can be introduced and increased by adverse 
weather effects such as rainfall, which is a problem espe-
cially for pitfall traps (Costa- Silva et al., 2019). Dilution with 
rain water may compromise the preservability of the trap-
ping liquid for both morphology (Costa- Silva et al.,  2019) 
and DNA by lowering the preservatives' concentration and 
pH. Furthermore, temperature can relate to preservation. 
DNA itself is stable, also under high temperatures (Bartlett 
& Stirling,  2003; Karni et al.,  2013) but enzymatic activity, 
e.g., by exonucleases, increases already at moderately high 
temperatures and this can significantly speed up DNA deg-
radation during the summer (Barnes et al.,  2014; Strickler 
et al., 2015; Kasai et al., 2020).

A variety of preservatives retaining the morphologi-
cal features of specimens under field conditions are es-
tablished, e.g., sodium chloride or glycerine (Stoeckle 
et al., 2010). However, most of these do not preserve DNA 
sufficiently for genetic analyses (Stoeckle et al.,  2010). 
Ethanol is thus being frequently used for collection (Zhang 
et al., 2016; Uhler et al., 2021); however, at the commonly 
used concentration of 70%, DNA preservation is not op-
timal and at 100% concentration specimens become 
brittle (Marquina et al.,  2021) and the preservative evap-
orates quickly (Nagy,  2010). Therefore, tests with other 
preservatives have been conducted in the last few years, 
which identified ethylene glycol (Stoeckle et al.,  2010; 
Gossner et al., 2016), Renner solution (Stoeckle et al., 2010; 
Gossner et al., 2016), and propylene glycol (Vink et al., 2005; 
Nakamura et al.,  2020; Martoni et al.,  2021; Robinson 
et al., 2021) as promising options for preservation of both 
morphology and genetic material. These recommenda-
tions are based on the amplification or sequencing success 
of DNA barcode fragments (Nakamura et al., 2020; Martoni 
et al.,  2021; Robinson et al.,  2021) with the exception of 
Gossner et al.  (2016) and Vink et al.  (2005), who addition-
ally provide DNA fragment lengths as a direct measure of 
DNA integrity. So far, data on the possibility of recovering 
high molecular weight DNA from insect trap specimens is 
not available, whereas it is a necessary prerequisite to rec-
ommend these preservatives for genetic applications that 

require genomic fragments longer than the standard 658 
base pair cytochrome c oxidase subunit I (COI) barcode.

In an experimental setting, using the house cricket, 
Acheta domesticus (L.) (Orthoptera: Gryllidae), we tested 
the influence of temperature, dilution, and time on DNA 
fragment length when samples are stored in either eth-
ylene glycol, propylene glycol, or Renner solution. For all 
preservatives, we expected to measure an increase of DNA 
fragmentation over time, with increasing dilution, and 
temperature and consequently a decreased chance for re-
covering high molecular weight DNA.

MATE R IAL AN D M ETHO DS

Experimental design

We performed a systematic experiment using the house 
cricket A. domesticus as the test organism. Three replicates 
were made for each combination of three preservatives, 
four concentrations, and two temperatures. The setup was 
repeated to have nine consecutive extractions (every 3rd 
day) summing up to a total timeframe of 27 days with 686 
samples in total (Figure 1).

Sample set up and extraction

For this study, we used 694 commercially available live 
A. domesticus ‘Micro’ specimens, of homogenous size 
and age, from a zoo shop. The immature stage ‘Micro’ 
was chosen because the specimens easily fitted in stand-
ard 1.5- ml tubes without damaging body parts, which 

F I G U R E  1  Overview of the experimental design. We tested 
three preservatives at room temperature (RT) and 37 °C, and four 
concentrations over 27 days with three biological replicates for each 
combination. At 3- day intervals, we analysed DNA quality by testing COI 
amplification and measuring average and maximum DNA fragment size 
to analyse the presence of high molecular weight DNA and overall DNA 
fragmentation.
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ensured that the baseline from which degradation pro-
cesses started was the same for all specimens, and be-
cause at this size the weight of available specimens was 
most homogenous.

Propylene glycol (CAS nr. 57– 55- 6), ethylene glycol (CAS 
nr. 107– 21- 1), and Renner solution (ethanol, glycerine, ace-
tic acid, and water at 40:20:10:30 ratio) were prepared in 
concentrations of 100, 75, 50, and 25% by dilution with dis-
tilled water. Of each dilution, 1 ml was pipetted into sterile 
1.5- ml tubes and three, live, approximately 0.5- cm- large 
cricket specimens were added to each, to serve as biolog-
ical replicates per condition. The crickets were immobi-
lized at −20 °C prior to handling, to ensure that they stayed 
fully submerged and consequently drowned within a 
similar time (a few minutes). This setup was duplicated 
to be stored at room temperature (20– 24 °C, from now 
on referred to as RT) and in an incubator at ca. 37 °C and 
subsequently replicated 9× to be available for nine ex-
tractions. Temperatures were chosen based on the high-
est temperatures recorded in 2018 in the Southern Black 
Forest (Storch et al.,  2020), which is representative for 
current maximum summer temperatures in several parts 
of central Europe. Additionally, on every extraction date 
for both temperatures, a tube with only one specimen in 
distilled water was prepared as a no- preservative control 
(from now on referred to as NC). Because the specimens 
in the NC were not subjected to experimental treatments 
and were homogenous in size and age, we did not expect 
to see a strong variation in the degradation progress of 
replicates under controlled laboratory conditions. We thus 
decided, as the NC would not be used quantitatively in 
the statistical analysis but only for qualitative comparison, 
that one specimen per tube would be sufficient, in order 
to keep the number of specimens used in this study at a 
minimum. The tubes were all stored in lightproof carton 
boxes to avoid any additional effects of light and UV ra-
diation. At the beginning of the experiment (day 1), four 
specimens were extracted as a positive control (from now 
on referred to as PC) and all preservatives and dilutions 
were tested for potential contamination with DNA.

Over a course of 27 days, DNA was extracted every 
3rd day from all conditions and the corresponding NC. 
DNA was extracted using the DNeasy Blood and Tissue 
Kit (Qiagen, Hilden, Germany) with a standardized pro-
tocol following the manufactures recommendations 
(Supplementary data  1). After extraction, the DNA was 
eluted in 100 μl DEPC- treated water and stored at −20 °C 
until further processing. DNA concentrations were mea-
sured on a Qubit 4 Fluorometer with the correspond-
ing Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific, 
Waltham, MA, USA).

Fragmentation analysis

Polymerase chain reaction (PCR) was performed using 
HotStarTaq Plus DNA Polymerase (Qiagen) with 2 ng of 

DNA per sample or the maximum amount possible (PCR 
protocol in Table  S1). For every sample, we first tested 
whether amplification of the whole length COI (658 bp) 
region is possible using the primer pair dgLCO1490 
(5′ GGT CAA CAA ATC ATA AAG AYA TYG G 3′) and 
dgHCO2198 (5'TAA ACT TCA GGG TGA CCA AAR AAY CA 
3′; Meyer, 2003). If all three biological replicates of a con-
dition did not show a product, the reverse dgHCO2198 
primer was combined with the forward mICOIintF primer 
(5’ GGW ACW GGW TGA ACW GTW TAY CCY CC 3′; Leray 
et al.,  2013) to target a shorter 313 bp region. Finally, if 
there was no product for all replicates, a 157 bp region 
was targeted with the ZBJ- ArtF1c (5′ AGA TAT TGG AAC 
WTT ATA TTT TAT TTT TGG 3′) and ZBJ- ArtR2c (5’ WAC 
TAA TCA ATT WCC AAA TCC TCC 3′; Zeale et al.,  2011) 
primer pair (primer overview in Table  S2). We chose to 
only test a triplet of replicates with the next primer pair 
if all three replicates failed, to avoid technical failure in-
fluencing the results, as we did not do technical repli-
cates for the PCR. The success of the PCR was checked 
on 2% agarose gels stained with SYBR Safe DNA Gel Stain 
(Thermo Fisher Scientific). For every extraction point, 
one positive PCR product was randomly chosen from 
each preservative for Sanger sequencing with one ran-
domly chosen PC and NC for comparison. Sequencing 
was performed by Microsynth (Balgach, Switzerland). 
All samples, including PC and NC, were measured on a 
5200 Fragment Analyser System (Agilent Technologies, 
Santa Clara, CA, USA) with the HS Genomic DNA 50- kb Kit 
(Agilent Technologies) and their average and maximum 
fragment size (independent of concentration) extracted 
with the PROSize v.3.0 Software (Agilent Technologies). In 
the fragment Analyser System output, fragment lengths 
above or equal to the high molecular weight minimum 
(>50000 bp) are not further differentiated. As in the PCR, 
we did not do technical replicates for the fragment meas-
urements. Samples which did not return any result were 
cross checked with the Qubit data if concentration was 
already known to be very low or outside the measurable 
range.

Data were analysed with R v.4.1.1 (RStudio, Boston, 
MA, USA), using the packages ggplot2 (Wickham,  2016), 
tidyverse (Wickham et al.,  2019), psych (Revelle,  2013), 
lmtest (Zeileis & Hothorn,  2002), and viridis (Garnier 
et al.,  2021). Average fragment size and maximum frag-
ment size of every preservative, grouped by temperature, 
were checked for collinearity with Kendall correlation 
(Figure S1). Because values were highly correlated in every 
case, suggesting the presence of high molecular weight 
DNA (Figure S1), only maximum fragment size instead of 
average fragment size was subsequently tested. For all 
three preservatives, a linear two- way ANOVA was used 
to test the influence of preservative concentration, ex-
traction date, and temperature, on maximum fragment 
size as response variable. Temperature and concentration 
were also tested as an interaction, because both enhance 
reaction rates by increasing molecule collision and can 
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therefore be expected to potentiate or otherwise influ-
ence each other.

R ESULTS

COI amplification with different primer pairs

The amplification success for COI differed between pre-
servatives and concentrations. For propylene glycol at RT, 
100 of 108 samples resulted in a successful amplification 
of the 658 bp fragment, and at 37 °C, 102 of 108 samples 
had successful amplification (Figure 2). The ethylene glycol 
samples kept at RT also had 101 of 108 positive PCR results, 
and at 37 °C, 80 of 108 samples had successful amplifica-
tion of the 658 bp fragment. For the samples with 100% 
concentration of days 24 and 27, all three replicates failed 
for the full- length product. For the sample from day 24, the 
313 bp product could be successfully amplified in one rep-
licate (Figure 2).

Renner solution performed as well as the other preser-
vatives at RT, with 100 of 108 samples resulting in success-
ful amplification of the full- length product (Figure  2). At  
37 °C, however, only 20 of the 108 samples had amplification 

of the full- length product; of the failed replicate triplets 15 
of 78 samples had amplification of the 313 bp product, and 
of the recurrently unsuccessful replicate triplets only 1 of 
60 samples resulted in amplification of the 157 bp product. 
The decrease in size of the amplifiable product started on 
day 6 until no product was generated anymore from day 15 
on. The higher the concentration of the preservative, the 
sooner the decrease started (Figure 2). All samples from the 
PC and also all the NCs (crickets in water) could be used to 
successfully amplify the 658 bp PCR product. For every pre-
servative, Sanger sequencing confirmed the expected se-
quence of eight from nine selected products each. For the 
three cases in which the product could not be confirmed, 
sequencing failed completely.

Fragment size

Maximum fragment size for samples kept in propylene gly-
col increased with concentration (F1,211 = 93.709, P < 0.001) 
but was not related to time. Temperature affected maxi-
mum fragment size (F1,211 = 13.349, P = 0.003) and there was 
also an interaction between temperature and concentra-
tion (F1,211  = 34.956, P < 0.001) (Table  S5). Fragmentation 

F I G U R E  2  Overview of PCR success for propylene glycol, ethylene glycol, and Renner solution at 100, 75, 50, and 25% concentration, at room 
temperature (RT) and 37 °C for the nine extraction dates, as well as the no- preservative control (NC). All samples were first tested for the 658 bp 
amplicon, if all three replicates failed the 313 bp amplicon was tested, and finally if all three replicates failed the 157 bp amplicon.
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pattern was overall higher at 37 °C. At RT, the 100% con-
centration samples contained high molecular weight DNA 
at all time points and maximum fragment size was of equal 
value as the PC (exception on day 15). On days 3, 21, and 
27 single replicates of the 75% concentration samples con-
tained high molecular weight DNA (Figure 3). At 37 °C, on 
days 3, 6, 12, and 18 high molecular weight DNA was con-
tained in the 100% concentration samples, on days 6 and 9 
in 50% concentration samples (Figure 3).

For ethylene glycol samples, maximum fragment size in-
creased with concentration (F1,211 = 118.501, P < 0.001) and 
decreased with extraction date (F1,211  = 8.877, P  =  0.003). 
Maximum fragment size also decreased with temperature 
on its own (F1,211  = 66.777, P < 0.001) and again there was 
also an interaction between temperature and concentra-
tion (F1,211 = 85.749, P < 0.001) (Table S5). The 100% samples 
at RT contained high molecular weight DNA on all time 
points and were of equal value as the PC. The 75% samples 
contained high molecular weight DNA on days 3 and 9 in 
single replicates (Figure 3). At 37 °C, only one of the 100% 
concentration replicates of the first extraction point con-
tained high molecular weight DNA (Figure 3).

The results for Renner solution were very different 
than those for propylene glycol and ethylene glycol. 
Maximum fragment size was not affected by concentration 
(F1,211  = 0.008, P  =  0.93) or extraction date (F1,211  = 0.525, 
P = 0.47). Maximum fragment size decreased with tempera-
ture (F1,211 = 12.027, P < 0.001) but there was no interaction 

between concentration and temperature (F1,211  = 0.012, 
P = 0.91). Of all samples, only one replicate of 75% concen-
tration at RT on day 9, and one replicate of 25% concen-
tration at RT on day 24 contained high molecular weight 
DNA (Figure 3). Overall, the average fragment size ranged 
around only 250 bp for most samples at RT (Figure S2). No 
sample contained high molecular weight DNA at 37 °C and 
average fragment length ranged around 150 bp (Figure S2).

D ISCUSSIO N

Genetic applications such as metabarcoding are becom-
ing increasingly popular in ecology to accelerate species 
identification (Dopheide et al.,  2020; Uhler et al.,  2021; 
Leroy et al.,  2022) and investigate population dynamics 
(Keller et al., 2012; Lozier et al., 2016; Bateman et al., 2018; 
Wittische et al.,  2019). A large variety of insect trap pre-
servatives optimised to preserve morphological features of 
specimens is established but the list of preservatives with 
DNA retaining characteristics is still short in comparison 
(Vink et al., 2005; Stoeckle et al., 2010; Gossner et al., 2016; 
Martoni et al., 2021). Propylene glycol, ethylene glycol, and 
Renner solution have all been successfully used to barcode 
or metabarcode arthropod specimens (Gossner et al., 2016; 
Robinson et al.,  2021), but so far no study compared all 
three options and their limitations, as well as measured ac-
tual DNA fragmentation on top of PCR success.

F I G U R E  3  Maximum fragment size 
of samples kept in 100, 75, 50, and 25% 
concentration of propylene glycol, ethylene 
glycol, or Renner solution on nine extraction 
dates (days 3– 27), on every 3rd day, as 
well as the no- preservative control (NC). 
The preservatives were tested at room 
temperature (RT) and 37 °C. The dashed 
lines indicate the maximum fragment size 
of the positive control. Fragment lengths 
≥50000 bp are condensed in the Fragment 
Analyser system output. Note that the y- axis 
is displayed on a log- scale. Statistical details 
are reported in Figure S1.
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Effects of dilution, temperature, and time on 
PCR success and fragmentation

We tested propylene glycol, ethylene glycol, and Renner 
solution for their performance under room and elevated 
temperature (37 °C), at various concentrations (100, 75, 50, 
and 25%) over a course of 27 days, with extractions on every 
3rd day. COI amplification success was robust for propyl-
ene glycol and ethylene glycol independent of dilution and 
largely independent of temperature. Renner solution per-
formed just as well at room temperature (RT) but caused 
unexpected problems at 37 °C, which may be related to 
the low pH of this preservative. Possibly the higher kinetic 
energy at 37 °C increased reactivity of the 20% acetic acid 
content of Renner solution and thus catalysed degrada-
tion of DNA by acid hydrolysis (Pollmann & Schramm, 1961; 
Lindahl, 1993; Liu et al., 2014). This would consequently ex-
plain why the higher concentrations started failing in PCR 
first. In contrast, the fragmentation measurements for pro-
pylene and ethylene glycol showed better DNA preserva-
tion with increasing concentration. At 100% and RT, high 
weight genomic DNA could be extracted reliably, but it 
was severely impaired at 37 °C. The negative influences of 
dilution and temperature are expected results. By reducing 
the concentration, dilution by water not only decreases the 
preservatives effect on the contained DNA but also opens 
reaction space for biochemical DNA degradation for exam-
ple by exonucleases (Evans et al., 2002; Barnes et al., 2014; 
Peng et al., 2018). Our results indicate that this effect is fur-
ther enhanced by temperature and for ethylene glycol also 
over time. For Renner solution, the effect by the various 
conditions on fragmentation was less explicit, as fragmen-
tation was always high, independent of dilution tempera-
ture and time.

Consequences for arthropod sampling based 
on downstream applications

For metabarcoding studies of insects ethanol is often 
the sampling preservative of choice (Zhang et al.,  2016; 
Uhler et al.,  2021). However, at high concentration etha-
nol evaporates quickly (Nagy, 2010; Marquina et al., 2021), 
which makes this preservative unsuited when traps have 
to operate in the field for longer times, or when sam-
pling is conducted in hot climates. Furthermore, because 
of the dehydrating properties of ethanol, the integrity of 
the specimens is impaired at high concentration, which 
can complicate morphological identification (Marquina 
et al., 2021). Renner solution, ethylene glycol, and propyl-
ene glycol have thus been proposed to preserve both mor-
phological features and DNA suitable for PCR amplification 
(Gossner et al., 2016; Martoni et al., 2021). We found that PCR 
amplification is indeed robust with ethylene and propylene 
glycol, but only at 100% concentration and moderate tem-
perature high molecular weight DNA is preserved reliably. 
Interestingly, we could also successfully amplify the longest 

commonly used COI fragment (Meyer, 2003) from our no- 
preservative control (crickets in water), indicating that even 
in water without any preservative added some fragments 
long enough for PCR amplification remain, at least under 
clean and controlled laboratory conditions. However, as 
we have tested only one species, we disclaim that DNA of 
different insect species may show different degradation 
patterns, as is indicated by the species- specific barcoding 
success in Gossner et al.  (2016). Nonetheless, in compari-
son to museum specimens, which commonly have to be 
barcoded with mini barcodes (Cárdenas & Moore,  2019; 
Velasco- Cuervo et al.,  2019), individual barcoding for the 
whole COI fragment should be unproblematic with speci-
mens collected even at low preservative concentrations.

Analysing DNA from a single species, we could also not 
directly test metabarcoding in this study. However, consid-
ering the extent of DNA fragmentation in our experiment 
and the unknow factor of taxon- specific barcoding amena-
bility, we recommend to use propylene or ethylene glycol 
at concentrations of at least 50– 75% in the field, if the aim 
is to sequence specimens in a bulk sample of different 
size and taxonomy. With the expected higher amount of 
exonucleases and risk of further dilution under field con-
ditions, a too- low starting concentration could otherwise 
lead to biased results due to uneven degradation states. 
At concentrations of 75% or higher, a surface- breaking 
detergent may be necessary to ensure that specimens 
sink into the solution quickly (Martoni et al., 2021). When 
higher temperatures are expected, propylene glycol is 
more suitable than ethylene glycol, as the preservability 
seems to be more resistant to heat, and evaporation is 
slower due to the larger molecule size. From our fragmen-
tation measurements we not only infer that just at 100% 
concentration of propylene and ethylene glycol high mo-
lecular weight DNA is preserved reliably, but also that the 
fragmentation significantly increases at 75% concentration 
already. Independent of PCR success a sample with a max-
imum fragment size of 1000 bp has to be considered se-
verely degraded in comparison to the maximum fragment 
size of 50000 bp in the positive control and 100% concen-
tration samples. Several downstream applications that tar-
get larger parts of the genome, such as hybridization RAD 
(Suchan et al.,  2016; Schmid et al.,  2017), are specifically 
designed for highly fragmented DNA but are expensive 
in comparison to the common RAD or double digest RAD 
approaches. These basic versions of RAD will suffer a qual-
ity loss if the fragmentation of the input DNA is too severe 
(Graham et al., 2015; Guo et al., 2018).

Whole genome sequencing is not as dependent on DNA 
fragment length (Oosting et al., 2020), but the quality of the 
assembly directly depends on the quality of the input DNA 
(Dominguez Del Angel et al.,  2018; Oosting et al.,  2020). 
Similarly, long- read sequencing options like the Oxford 
Nanopore technologies can generate results with frag-
mented DNA, but as the length of a DNA fragment will 
directly be translated to the length of the obtained reads 
(Oosting et al.,  2020; Volarić et al.,  2021), high molecular 
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weight DNA is necessary for the best output. Generally, 
for downstream applications that target the whole or 
larger parts of the genome we recommend that specimens 
should be collected with propylene or ethylene glycol at 
100% starting concentration with surface breaking deter-
gent added. The specimens should be collected in as short 
intervals as logistically possible. Alternatively, specimens 
could be transferred into cooling directly, e.g., after canopy 
fogging (Leroy et al.,  2022). Considering the severe frag-
mentation of DNA from Renner solution at both tempera-
tures and the PCR failure at 37 °C we do not recommend 
Renner solution as a DNA preservative in insect traps. In 
line with Gossner et al. (2016), who suspected pH as a prob-
lem of copper sulphate as well, we would generally recom-
mend to avoid acid- based preservatives including diluted 
acetic acid, Renner solution, or FAACC (formaldehyde 4%, 
acetic acid 5%, calcium chloride 1.3%), or preservatives 
with low pH such as copper sulphate.

CO NCLUSIO N

Genetic approaches have the potential to accelerate and 
standardise identification and understanding of insects 
and their population dynamics. The necessary sequencing 
procedures have different demands to DNA quality, which 
are not always addressable with the same collection ap-
proach. To further increase the knowledge on DNA preser-
vation options, future studies could expand the taxonomic 
coverage for a better understanding of differences in pre-
servability and conduct systematic comparisons using me-
tabarcoding approaches. We here use DNA fragmentation 
analysis as a direct measure of DNA quality, in addition to 
PCR, as an application- based indicator, to provide a sys-
tematic overview on the influence of concentration, tem-
perature, and time on preservability. With propylene and 
ethylene glycol we find two preservatives which can pre-
serve specimen morphology and high molecular weight 
DNA under the right conditions and show where they 
reach their limits. With Renner solution, we also remove 
one candidate from the list of potential DNA preservatives 
and demonstrate the need for exploration of preservative 
performance under worst- case conditions.

AU T H O R  C O N T R I B U T I O N S
Laura- Sophia Ruppert: Conceptualization (lead); formal 
analysis (lead); methodology (lead); visualization (lead); 
writing –  original draft (lead); writing –  review and edit-
ing (lead). Gernot Segelbacher: Conceptualization (sup-
porting); formal analysis (supporting); funding acquisition 
(lead); methodology (supporting); resources (lead); super-
vision (lead); writing –  original draft (supporting); writing 
–  review and editing (supporting). Michael Staab: Formal 
analysis (supporting); supervision (equal); visualization 
(supporting); writing –  original draft (supporting); writ-
ing –  review and editing (supporting). Nathalie Winiger: 

Conceptualization (equal); methodology (supporting); 
writing –  original draft (supporting).

AC K N O W L E D G M E N T S
This study was funded by the German Research Foundation 
within the Research Training Group ConFoBi (grant nr. GRK 
2123/2). We thank Prof. Dr. Oliver Niehuis and the ConFoBi 
group for providing infrastructure. Two anonymous re-
viewers provided helpful comments to an earlier version of 
the manuscript. Open Access funding enabled and organ-
ized by Projekt DEAL.

C O N F L I C T  O F  I N T E R E S T
The authors declare no conflict of interest.

DATA  AVA I L A B I L I T Y  S TAT E M E N T
The data that support the findings of this study are avail-
able from the corresponding author upon reasonable 
request.

O R C I D
Laura- Sophia Ruppert   https://orcid.
org/0000-0003-0157-2417 
Gernot Segelbacher   https://orcid.
org/0000-0002-8024-7008 
Michael Staab   https://orcid.org/0000-0003-0894-7576 
Nathalie Winiger   https://orcid.org/0000-0002-0773-191X 

R E F E R E N C E S
Aristophanous M (2010) Does your preservative preserve? A comparison 

of the efficacy of some pitfall trap solutions in preserving the inter-
nal reproductive organs of dung beetles. ZooKeys 34: 1– 16.

Barnes MA, Turner CR, Jerde CL, Renshaw MA, Chadderton WL & Lodge 
DM (2014) Environmental conditions influence eDNA persistence 
in aquatic systems. Environmental Science and Technology 48: 
1819– 1827.

Bartlett JMS & Stirling D (2003) A short history of the polymerase chain 
reaction. PCR Protocols (ed. by JMS Bartlett & D Stirling), pp. 3– 6. 
Humana Press, Totowa, NJ, USA.

Bateman RM, Sramkó G & Paun O (2018) Integrating restriction site- 
associated DNA sequencing (RAD- seq) with morphological cladis-
tic analysis clarifies evolutionary relationships among major spe-
cies groups of bee orchids. Annals of Botany 121: 85– 105.

Cárdenas P & Moore JA (2019) First records of Geodia demosponges from 
the New England seamounts, an opportunity to test the use of 
DNA mini- barcodes on museum specimens. Marine Biodiversity 49: 
163– 174.

Costa- Silva V, Grella MD & Thyssen PJ (2019) Optimized pitfall trap design 
for collecting terrestrial insects (Arthropoda: Insecta) in biodiver-
sity studies. Neotropical Entomology 48: 50– 56.

Dominguez Del Angel V, Hjerde E, Sterck L, Capella- Gutierrez S, 
Notredame C et al. (2018) Ten steps to get started in genome as-
sembly and annotation. F1000Research 7: 148.

Dopheide A, Makiola A, Orwin KH, Holdaway RJ, Wood JR & Dickie IA 
(2020) Rarity is a more reliable indicator of land- use impacts on 
soil invertebrate communities than other diversity metrics. eLife 9: 
e52787.

Dopheide A, Tooman LK, Grosser S, Agabiti B, Rhode B et al. (2019) 
Estimating the biodiversity of terrestrial invertebrates on a forested 
island using DNA barcodes and metabarcoding data. Ecological 
Applications 29: e01877.

https://orcid.org/0000-0003-0157-2417
https://orcid.org/0000-0003-0157-2417
https://orcid.org/0000-0003-0157-2417
https://orcid.org/0000-0002-8024-7008
https://orcid.org/0000-0002-8024-7008
https://orcid.org/0000-0002-8024-7008
https://orcid.org/0000-0003-0894-7576
https://orcid.org/0000-0003-0894-7576
https://orcid.org/0000-0002-0773-191X
https://orcid.org/0000-0002-0773-191X


   | 225DNA FRAGMENTATION IN INSECT TRAP PRESERVATIVES

Evans CJ, Merriam JR & Aguilera RJ (2002) Drosophila acid DNase is a ho-
molog of mammalian DNase II. Gene 295: 61– 70.

Forister ML, Halsch CA, Nice CC, Fordyce JA, Dilts TE et al. (2021) Fewer 
butterflies seen by community scientists across the warming and 
drying landscapes of the American West. Science 371: 1042– 1045.

Garnier S, Ross N, Rudis R, Camargo PA, Sciaini M & Scherer C (2021) viridis 
-  Colorblind- Friendly Color Maps for R. https://sjmga rnier.github.io/
virid is/

Gossner MM, Struwe J- F, Sturm S, Max S, McCutcheon M et al. (2016) 
Searching for the optimal sampling solution: variation in inverte-
brate communities, sample condition and DNA quality. PLoS ONE 
11: e0148247.

Graham CF, Glenn TC, McArthur AG, Boreham DR, Kieran T et al. (2015) 
Impacts of degraded DNA on restriction enzyme associated DNA 
sequencing (RADS eq). Molecular Ecology Resources 15: 1304– 1315.

Guo Y, Yang G, Chen Y, Li D & Guo Z (2018) A comparison of different 
methods for preserving plant molecular materials and the ef-
fect of degraded DNA on ddRAD sequencing. Plant Diversity 40: 
106– 116.

Karlsson D, Forshage M, Holston K & Ronquist F (2020) The data of the 
Swedish Malaise trap project, a countrywide inventory of Sweden's 
insect fauna. Biodiversity Data Journal 8: 28.

Karni M, Zidon D, Polak P, Zalevsky Z & Shefi O (2013) Thermal degrada-
tion of DNA. DNA and Cell Biology 32: 298– 301.

Kasai A, Takada S, Yamazaki A, Masuda R & Yamanaka H (2020) The effect 
of temperature on environmental DNA degradation of Japanese 
eel. Fisheries Science 86: 465– 471.

Keller D, van Strien MJ & Holderegger R (2012) Do landscape barriers af-
fect functional connectivity of populations of an endangered dam-
selfly? Freshwater Biology 57: 1373– 1384.

Knuff AK, Winiger N, Klein A, Segelbacher G & Staab M (2019) Optimizing 
sampling of flying insects using a modified window trap. Methods 
in Ecology and Evolution 10: 1820– 1825.

Lange M, Türke M, Pašalić E, Boch S & Hessenmöller D (2014) Effects of for-
est management on ground- dwelling beetles (Coleoptera; Carabidae, 
Staphylinidae) in Central Europe are mainly mediated by changes in 
forest structure. Forest Ecology and Management 329: 166– 176.

Leray M, Yang JY, Meyer CP, Mills SC & Agudelo N (2013) A new versatile 
primer set targeting a short fragment of the mitochondrial COI re-
gion for metabarcoding metazoan diversity: application for char-
acterizing coral reef fish gut contents. Frontiers in Zoology 10: 34.

Leroy BML, Seibold S, Morinière J, Bozicevic V, Jaworek J et al. (2022) 
Metabarcoding of canopy arthropods reveals negative impacts of 
forestry insecticides on community structure across multiple taxa. 
Journal of Applied Ecology 59: 997– 1012.

Lindahl T (1993) Instability and decay of the primary structure of DNA. 
Nature 362: 709– 715.

Liu D, Zou X, Zhong L, Lou Y, Yang B & Yin Y (2014) New features of 
DNA damage by acid hydrolysis in MALDI- TOF mass spectrum. 
International Journal of Mass Spectrometry 374: 20– 25.

Lozier JD, Jackson JM, Dillon ME & Strange JP (2016) Population genomics 
of divergence among extreme and intermediate color forms in a 
polymorphic insect. Ecology and Evolution 6: 1075– 1091.

Marquina D, Buczek M, Ronquist F & Łukasik P (2021) The effect of ethanol 
concentration on the morphological and molecular preservation of 
insects for biodiversity studies. PeerJ 9: e10799.

Martoni F, Nogarotto E, Piper AM, Mann R, Valenzuela I et al. (2021) 
Propylene glycol and non- destructive DNA extractions enable 
preservation and isolation of insect and hosted bacterial DNA. 
Agriculture 11: 77.

Meyer CP (2003) Molecular systematics of cowries (Gastropoda: 
Cypraeidae) and diversification patterns in the tropics: Cowrie 
systematics and diversification patterns. Biological Journal of the 
Linnean Society 79: 401– 459.

Micó E, García- López A, Sánchez A, Juárez M & Galante E (2015) What 
can physical, biotic and chemical features of a tree hollow tell us 
about their associated diversity? Journal of Insect Conservation 19: 
141– 153.

Nagy ZT (2010) A hands- on overview of tissue preservation methods for mo-
lecular genetic analyses. Organisms Diversity and Evolution 10: 91– 105.

Nakamura S, Tamura S, Taki H & Shoda- Kagaya E (2020) Propylene glycol: 
a promising preservative for insects, comparable to ethanol, from 
trapping to DNA analysis. Entomologia Experimentalis et Applicata 
168: 158– 165.

Nyffeler M, Şekercioğlu ÇH & Whelan CJ (2018) Insectivorous birds con-
sume an estimated 400– 500 million tons of prey annually. Science 
of Nature 105: 47.

Ollerton J, Winfree R & Tarrant S (2011) How many flowering plants are 
pollinated by animals? Oikos 120: 321– 326.

Oosting T, Hilario E, Wellenreuther M & Ritchie PA (2020) DNA degrada-
tion in fish: practical solutions and guidelines to improve DNA pres-
ervation for genomic research. Ecology and Evolution 10: 8643– 8651.

Peng Y, Wang K, Fu W, Sheng C & Han Z (2018) Biochemical comparison 
of dsRNA degrading nucleases in four different insects. Frontiers in 
Physiology 9: 624.

Pollman W & Schramm G (1961) Säurehydrolyse von Ribonucleinsäure und 
Desoxyribonucleinsäure. Zeitschrift für Naturforschung 16: 673– 678.

Purvis A & Hector A (2000) Getting the measure of biodiversity. Nature 
405: 212– 219.

Redhead JW, Powney GD, Woodcock BA & Pywell RF (2020) Effects of fu-
ture agricultural change scenarios on beneficial insects. Journal of 
Environmental Management 265: 110550.

Revelle W (2013) psych: Procedures for Psychological, Psychometric, and 
Personality Research. https://cran.r- proje ct.org/web/packa ges/
psych/ index.html

Robinson CV, Porter TM, Wright MTG & Hajibabaei M (2021) Propylene 
glycol- based antifreeze is an effective preservative for DNA me-
tabarcoding of benthic arthropods. Freshwater Science 40: 77– 87.

Schmid S, Genevest R, Gobet E, Suchan T, Sperisen C et al. (2017) Hy RAD- 
X, a versatile method combining exome capture and RAD sequenc-
ing to extract genomic information from ancient DNA. Methods in 
Ecology and Evolution 8: 1374– 1388.

Seibold S, Gossner MM, Simons NK, Blüthgen N, Müller J et al. (2019) 
Arthropod decline in grasslands and forests is associated with 
landscape- level drivers. Nature 574: 671– 674.

Skvarla MJ, Larson JL, Fisher JR & Dowling APG (2021) A review of terres-
trial and canopy Malaise Traps. Annals of the Entomological Society 
of America 114: 21.

Staab M, Ohl M, Zhu C- D & Klein A- M (2015) Observational natural his-
tory and morphological taxonomy are indispensable for future 
challenges in biodiversity and conservation. Communicative and 
Integrative Biology 8(1): e992745.

Stoeckle BC, Dworschak K, Gossner MM & Kuehn R (2010) Influence of 
arthropod sampling solutions on insect genotyping reliability. 
Entomologia Experimentalis et Applicata 135: 217– 223.

Storch I, Penner J, Asbeck T, Basile M, Bauhus J et al. (2020) Evaluating the 
effectiveness of retention forestry to enhance biodiversity in pro-
duction forests of Central Europe using an interdisciplinary, multi- 
scale approach. Ecology and Evolution 10: 1489– 1509.

Stork NE (2018) How many species of insects and other terrestrial arthro-
pods are there on Earth? Annual Review of Entomology 63: 31– 45.

Strickler KM, Fremier AK & Goldberg CS (2015) Quantifying effects of 
UV- B, temperature, and pH on eDNA degradation in aquatic micro-
cosms. Biological Conservation 183: 85– 92.

Suchan T, Pitteloud C, Gerasimova NS, Kostikova A, Schmid S et al. (2016) 
Hybridization capture using RAD Probes (hyRAD), a new tool for 
performing genomic analyses on collection specimens. PLoS ONE 
11: e0151651.

Tsuji S, Ushio M, Sakurai S, Minamoto T & Yamanaka H (2017) Water 
temperature- dependent degradation of environmental DNA and 
its relation to bacterial abundance. PLoS ONE 12: e0176608.

Uhler J, Redlich S, Zhang J, Hothorn T, Tobisch C et al. (2021) Relationship 
of insect biomass and richness with land use along a climate gradi-
ent. Nature Communications 12: 5946.

Velasco- Cuervo SM, Aguirre- Ramirez E, Gallo- Franco JJ, González 
Obando R, Carrejo N & Toro- Perea N (2019) Saving DNA from 

https://sjmgarnier.github.io/viridis/
https://sjmgarnier.github.io/viridis/
https://cran.r-project.org/web/packages/psych/index.html
https://cran.r-project.org/web/packages/psych/index.html


226 |   RUPPERT et al.

museum specimens: the success of DNA mini- barcodes in haplo-
type reconstruction in the genus Anastrepha (Diptera: Tephritidae). 
Journal of Advanced Research 16: 123– 134.

Vink CJ, Thomas SM, Paquin P, Hayashi CY & Hedin M (2005) The effects 
of preservatives and temperatures on arachnid DNA. Invertebrate 
Systematics 19: 99.

Volarić M, Veseljak D, Mravinac B, Meštrović N & Despot- Slade E (2021) 
Isolation of high molecular weight DNA from the model beetle 
Tribolium for nanopore sequencing. Genes 12: 1114.

Wickham H (2016) ggplot2, Use R! Springer International Publishing, 
Cham, Switzerland.

Wickham H, Averick M, Bryan J, Chang W, McGowan L et al. (2019) 
Welcome to the Tidyverse. Journal of Open Source Software 4: 1686.

Wittische J, Janes JK & James PMA (2019) Modelling landscape genetic 
connectivity of the mountain pine beetle in western Canada. 
Canadian Journal of Forest Research 49: 1339– 1348.

Wu X, Griffin JN, Xi X & Sun S (2015) The sign of cascading predator effects 
varies with prey traits in a detrital system. Journal of Animal Ecology 
84: 1610– 1617.

Zeale MRK, Butlin RK, Barker GLA, Lees DC & Jones G (2011) Taxon- specific 
PCR for DNA barcoding arthropod prey in bat faeces. Molecular 
Ecology Resources 11: 236– 244.

Zeileis A & Hothorn T (2002) Diagnostic checking in regression relation-
ships. https://cran.r- proje ct.org/web/packa ges/lmtes t/vigne ttes/
lmtes t- intro.pdf.

Zhang K, Lin S, Ji Y, Yang C, Wang X et al. (2016) Plant diversity accurately 
predicts insect diversity in two tropical landscapes. Molecular 
Ecology 25: 4407– 4419.

S U P P O R T I N G  I N F O R M AT I O N
Additional supporting information can be found online in 
the Supporting Information section at the end of this article.
Table S1. PCR protocol for COI amplification with insect 
DNA
Table S2. List of primers used for PCR amplification of a 
658 bp, 313 bp, and 157 bp COI amplicon

Table S3. ANOVA results for the relationship between 
maximum fragment size (response variable) and 
concentration, extraction date, and temperature for 
specimens kept in either propylene glycol, ethylene glycol, 
or Renner solution
Figure S1. Kendall correlation graph for the maximum 
(Max) and average (Avg) fragment size of propylene glycol 
(PG), ethylene glycol (EG), and Renner solution (RE) at room 
temperature (RT) and 37 °C (37). For all preservatives at 
both temperatures average and maximum fragment size 
are strongly correlated.
Figure S2. Average fragment size of samples kept in 100, 
75, 50, and 25% concentration of propylene glycol, ethylene 
glycol, or Renner solution on nine extraction dates on 
every third day with a total experiment time of 27 days and 
the negative control (NC). The average fragment size of the 
positive control is indicated by the dashed line. Fragment 
lengths ≥50000 bp are condensed in the Fragment Analyser 
system output. The y- axis is transformed logarithmical for 
better visualisation.
Supplementary data 1: DNA extraction protocol for 
QIAGEN DNeasy Blood & Tissue Kit.

How to cite this article: Ruppert, L-S., Segelbacher, 
G., Staab, M. & Winiger, N. (2023) Gauging DNA 
degradation among common insect trap 
preservatives. Entomologia Experimentalis et Applicata, 
171: 218– 226. https://doi.org/10.1111/eea.13266

https://cran.r-project.org/web/packages/lmtest/vignettes/lmtest-intro.pdf
https://cran.r-project.org/web/packages/lmtest/vignettes/lmtest-intro.pdf
https://doi.org/10.1111/eea.13266

	Gauging DNA degradation among common insect trap preservatives
	Abstract
	INTRODUCTION
	MATERIAL AND METHODS
	Experimental design
	Sample set up and extraction
	Fragmentation analysis

	RESULTS
	COI amplification with different primer pairs
	Fragment size

	DISCUSSION
	Effects of dilution, temperature, and time on PCR success and fragmentation
	Consequences for arthropod sampling based on downstream applications

	CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


