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Abstract 19 

Molecular tools are increasingly used in entomology for several applications such as 20 

taxonomy, genetics, ecology and evolution. For these studies, DNA extraction from 21 

individual insects is a crucial step, since the yield and quality vary depending on the 22 

methods used. Finding an ideal balance between quality and yield is particularly 23 

difficult to reach and several constraints must be considered upon selecting the final 24 

protocol. Bark beetles (Coleoptera: Curculionidae, Scolytinae) are a diverse group of 25 

forest insects for which molecular studies at the individual level are important, given 26 

that many species are invasive and may become pests. However, DNA extraction in 27 

bark beetles is not easy, given their small size and complex molecules of diverse nature 28 

conforming their exoskeleton and present in their digestive tract. Here, we carried out 29 

a comparative analysis of DNA extraction performance in five bark beetle species: 30 

Hylurgus ligniperda, Hylastes ater, Orthotomicus erosus, Orthotomicus laricis and 31 

Cyrtogenius luteus. By assessing the efficiency of two different protocols, our aim was 32 

to establish the best species-specific method for population-level studies. Our results 33 

showed that a method’s whole performance mainly depends on the species considered 34 

and translates into DNA quantity and quality variance. We also noted that the 35 

traditional method showed better PCR efficiency for the smallest species whereas the 36 

commercial kit performed better for the larger beetles. Our comparative analysis 37 

provides evidence that no single method for DNA isolation is best, and that each 38 

particular species requires optimization. 39 

 40 

Key words: body size, DNA extraction, DNA quality, insects, PCR amplification.  41 
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Introduction  42 

Molecular tools are increasingly used for a suite of applications in the field of 43 

entomology including, taxonomy, genetics and evolution, studies of adaptation to 44 

abiotic stress, or for tracking invasions (Borowiec et al. 2022; Lagisz et al. 2010; Miller 45 

et al. 2009; Roques et al. 2009; Stevens et al. 2019). This type of molecular work often 46 

requires DNA extraction from single individuals (Allen 2006; Dittrich-Schroder et al. 47 

2012; Piper et al. 2019) which varies in yield amount and quality according to the 48 

extraction methods deployed (Aboul-Maaty & Oraby 2019; Chen et al. 2010). 49 

Traditional extraction methods work efficiently for DNA isolation from animal tissues 50 

but use toxic chemicals and are time-consuming (Dairawan & Shetty 2020; Hajibabaei 51 

et al. 2005). In turn, commercially available DNA extraction kits are becoming 52 

increasingly popular because of their ease-of-use for a wide range of biological 53 

samples, limited labor, and ability to consistently produce high-quality DNA (Nishiguchi 54 

et al. 2002; Hajibabaei et al. 2005). However, some of the drawbacks of these kits 55 

include their expense and the fact that prolonged incubation times cannot be avoided 56 

in any case (Ball & Armstrong 2008). Therefore, an ideal balance between quality and 57 

yield is desirable and, at the same time, methodological constraints should be 58 

considered upon selecting the final protocol (e.g., the starting tissue, or the size of 59 

specimens; Chen et al. 2010; Dittrich-Schroder et al. 2012; van der Loos & Nijland 60 

2021).  61 

Bark beetles (Coleoptera, Curculionidae, Scolytinae) are a highly diverse group of forest 62 

insects that breed and feed on the phloem of trees (Kirkendall et al. 2015; Gomez et al. 63 

2023). These insects are characterized by a small body size -most species range from 1 64 
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to 5 mm long-. Several species within this group are widely acknowledged as significant 65 

agents of tree mortality in coniferous forests globally (Raffa et al. 2008; Biedermann et 66 

al. 2019). Additionally, they are inadvertently transported via wood products and wood 67 

packaging materials, and numerous species have effectively established worldwide, 68 

constituting a notable group of invasive forest insects (Lantschner et al. 2020; Grégoire 69 

et al. 2023). 70 

Every extraction method has a percentage of DNA lost during procedure that should be 71 

accounted for, to obtain a minimum amount of DNA for analysis. In the case of bark 72 

beetles, the main constraints are related to their size and the presence of undesired 73 

macromolecules. Their small size imposes a limitation to physical breakdown (milling) 74 

that then translates into a lower efficiency of the cell lysis treatment and cell DNA 75 

isolation. Working with small amounts of DNA also increases the risk of contamination 76 

(van Oorschot et al. 2010). DNA contaminants can be introduced during sample 77 

processing, consumables manipulation, laboratory reagents preparation (Ishak et al. 78 

2011; Salter et al. 2014; Stinson et al. 2019), or inappropriate use of commercial DNA 79 

extraction kits (Gefrides et al. 2010; Goodrich et al. 2014), in a proportion that may 80 

exceed DNA, resulting in a useless extract. 81 

Additionally, bark beetles have complex and large molecules of a diverse nature that 82 

might be in part isolated with DNA during extraction procedures, affecting the 83 

amplification process (Ferrara 2023; Hosseini 2010). These molecules are mainly 84 

proteins and polysaccharides of their exoskeleton -as in most other insect species-, as 85 

well as plant phenolics and tannins present in their digestive tract, associated to their 86 

xylophagous diet. Macromolecules of this kind may act as inhibitors of PCR and are 87 
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therefore undesired (Amini et al. 2021; Demeke & Jenkins 2010). For instance, 88 

phenolics, tannins and other contaminants present in a DNA extraction solution can 89 

inhibit enzymes such Taq polymerases, making extracted DNA unsuitable for PCR 90 

amplification (Asghar et al. 2015). Moreover, the DNA extraction method could be 91 

affected by different factors such as the storage conditions of the sample, and the cost 92 

and duration of the extraction method (Psifidi et al. 2015).  93 

We carried out a comparative study of two extraction methods for five different bark 94 

beetle species: Hylurgus ligniperda (Fabricius 1787), Hylastes ater (Paykull 1800), 95 

Orthotomicus erosus (Wollaston 1857), Orthotomicus laricis (Fabricius 1792), and 96 

Cyrtogenius luteus (Blandford 1894). The aim of our work was to understand the 97 

relationship between the DNA concentration, yield and purity regarding to PCR 98 

efficiency presented by each method, in each species. We provide information to 99 

ascertain a suitable species-specific protocol that enables population-level studies. 100 

 101 

Materials and Methods 102 

Sample collection and preparation 103 

Bark beetles were collected from 17 pine plantation stands of southern South America 104 

(Argentina, Chile and Uruguay). Insects were captured by placing traps (i.e., Lindgren 105 

funnel traps, Cross vane panel traps) with generic bark beetle lures (i.e., ethanol, α-106 

pinene, and/or turpentine), and by manually collecting from cut pine logs available in 107 

some sites (see Lantschner et al., 2024 for further details). All collected samples were 108 

conserved in 70 - 95% ethanol and stored at -20°C. A total of 173 individuals of five 109 

bark beetle species of different body sizes were obtained: 81 individuals of Hylurgus 110 
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ligniperda (4 to 6 mm), 30 individuals of Hylastes ater (3.5 to 4.5 mm), 22 individuals of 111 

Orthotomicus erosus (3 to 3.8 mm), 20 individuals of Orthotomicus laricis (3 to 3.7 mm) 112 

and 20 individuals of Cyrtogenius luteus (2.2 to 2.4 mm). 113 

DNA extraction 114 

Before extraction, the individuals were oven dried at 60°C for 15 minutes in sterile 1.5-115 

microcentrifuge tubes to ensure removing ethanol residues. We performed two DNA 116 

extraction methods: 117 

Method 1 (M1): This method was based on the protocol of Baruffi et al (1995) with 118 

modifications. As a starting point, each sample was pre-washed with 50 μl of extraction 119 

buffer (removed afterwards) and then grounded with a new aliquot of 100 μl of 120 

extraction buffer (100 Mm NaCL, 200 mM sucrose, 50 mM EDTA, 100mM Tris-HC1 (pH 121 

9.1), 0.5 % SDS) using a glass pestle. After this first step, 200 μl of extraction buffer and 122 

2 μl of proteinase K enzyme (10 mg/ml) were added and incubated at 65 °C overnight. 123 

Next, the homogenate was mixed with 56 μl of KAc 8M and incubated on ice for 30 124 

minutes. The preparation was centrifuged at 14000 rpm for 15 min, twice 125 

consecutively. The supernatant was recovered to then mix it with a solution of 400 μl 126 

chloroform: isoamyl alcohol (24:1), following centrifugation at 14000 rpm for 10 min. 127 

This step is crucial to ensure DNA isolation and the proper removal of other non-target 128 

molecules. The aqueous phase was transferred to a new microcentrifuge tube and the 129 

chloroform: isoamyl alcohol step repeated. The DNA was precipitated with 50 µl of 130 

NaAc 3M and 400 µl of 100% ethanol. After centrifugation (14000 rpm for 20 min) the 131 

resulting DNA pellet was washed twice with 500 µl 70% ethanol. Finally, the pellet was 132 

air-dried and eluted in 50 µl TE (TRIS-EDTA 10:1) buffer. 133 
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Method 2 (M2): This method was based on the use of a commercial kit DNA Puriprep-T 134 

kit (Inbio Highway®, Argentina). The entire body of the insects was grounded with a 135 

glass pestle by adding 100 μl of the extraction buffer provided with the kit. Then 180 μl 136 

of extraction buffer and 2 μl of proteinase K enzyme (10 mg/ml) were further 137 

incorporated and samples were incubated at 56 °C overnight. The day after, the 138 

homogenate was mixed with 200 μl of a lysis buffer (provided with the kit) and 139 

incubated at 56°C for 15 minutes. This step is essential for proper lysis. Then, an aliquot 140 

of 200 μl of 100% ethanol was added to the preparation. The entire volume was 141 

transferred to a Colum Micro centrifuge tube and centrifuged at 13000 rpm for 2 min. 142 

The DNA is retained in the column whereas the eluted volume was discarded. Column 143 

membrane was washed twice with 500 µl of washing buffer (provided with the kit). 144 

Finally, DNA was eluted from the membrane with 200 µl elution buffer (10 mM Tris-145 

HCl, 0.5 mM EDTA; pH: 9.0, at 70°C). 146 

Assessment of extraction success 147 

Extraction methods were evaluated using four variables: DNA concentration, yield, 148 

260/280 ratio, and 260/230 ratio. DNA concentration of all samples was measured on 149 

NanoDrop™ 2000/2000c Spectrophotometers (Thermo Fisher Scientific, USA) using 2 μl 150 

of DNA extraction solution. Yield was reported as the mean ng DNA/mg tissue by 151 

method. Purity of samples were reported as the ratio of the absorbance values at 260 152 

and 280 nm (260/280 are the absorbance wave lengths of DNA and proteins, 153 

respectively) and at 260 and 230 nm (260/230, are the absorbance wave lengths of 154 

DNA, polysaccharides and other compounds like phenolics, respectively).  155 

PCR amplification 156 
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To assess amplification success, each DNA extraction sample was tested through 157 

polymerase chain reaction (PCR). The mitochondrial gene cytochrome oxidase c 158 

subunit I (COI) was used as the marker of choice - primer pair from Simon et al (1994) 159 

(S1718 fw: 5′-GGAGGATTTGGAAATTGATTAGTTCC-3´; A2411 rev: 5′-160 

GCTAATCATCTAAAAACTTTAATTCCWGTWG-3′). The PCR reaction consisted of 1 × buffer 161 

(50 mm KCl, 10 mm Tris–HCl, pH 9), 1.5 Mm of MgCl2, 0.2 Mm of each dNTP, 0.16 µM 162 

of each primer, 0.6 mg/ml of bovine serum albumin (BSA), 0.04 U of Taq polymerase 163 

(Invitrogen®) and 20 ng of DNA, in a final volume of 15 μL. The temperature cycles for 164 

the amplification were as follows: initial denaturation at 94 °C for 5 minutes; 40 cycles 165 

of 94 °C for 1 minute, 58 °C for 45 seconds, 72 °C 45 seconds and a final extension of 10 166 

minutes at 72 °C. The PCR products (~ 700 bp) were loaded into 1.5 % agarose 167 

containing GelRed Nucleic Acid Gel Stain 10,000X (Biotium®) and electrophoresed in 168 

0.5 × TBE buffer for 1 h at 3 V/cm, together with standard DNA ladders (1 Kb plus; 169 

Promega Corp.) to confirm amplification. Samples were purified by using a 170 

precipitation method based on sodium acetate solution and then sequenced with an 171 

ABIPRISM 3700 capillary sequencer (Applied Biosystem).  172 

Data analysis. 173 

Differences in the extraction success variables (DNA concentration, yield and 260/280 174 

and 260/230 purity ratios) between both extraction methods (M1 and M2) were tested 175 

for each species individually. For that, a generalized linear model (GLM) was performed 176 

using the logit link function and a Gaussian distribution (best fitted distribution of the 177 

data). The extraction method was included as a fixed factor, and the replicate samples -178 

within the method- as a random factor. In addition, a Spearman correlation analysis 179 
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was carried out to explore the relationship between DNA concentration, yield and 180 

purity ratios. Finally, for each species, the proportion of samples for which successful 181 

amplifications were obtained with each extraction method was estimated and a Chi-182 

Square (X2) Goodness of Fit Test was performed to test for differences between 183 

methods. All analyzes were performed using R software (version 4.2.2) for Windows (R 184 

Core Team, 2023). 185 

 186 

Results 187 

The results of the GLM showed that the success of the two extraction methods varied 188 

depending on the species (Fig 1). However, it is possible to identify some trending 189 

patterns. Significant differences were revealed between the extraction methods for 190 

some extraction success variables, with M1 exhibiting a lower average yield and higher 191 

260/280 purity ratio than the M2, for H. ligniperda (z  = 6.86, p < 0.001 for yield; z  = 192 

5.58, p< 0.001 for 260/280), H. ater (z  = 2.77, p <0.01 for yield; z  = 5.22, p < 0.001 for 193 

260/280), O. laricis (z  = 5.82, p < 0.001 for yield, z  = 6.97, p < 0.001 for 260/280) and 194 

O. erosus (z  = 2.10, p < 0.05 for yield) (Fig 1). DNA concentration showed variable 195 

outcomes, with significantly higher values in M1 than M2 for H. ater (z = 2.44, p < 0.05; 196 

and C. luteus (z = 2.67, p < 0.01) whereas the opposite occurred for O. laricis with M2 197 

showing significant higher values of DNA concentrations than M1 (z = 6.22, p< 0.001; 198 

Fig 1). No differences were found in 260/230 purity ratio between methods for any of 199 

the five species (Fig 1). 200 

The results of the Spearman correlations between variables of extraction success 201 

showed significant positive correlations between DNA concentration and yield in all 202 
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species. Correlations between DNA concentration and 260/280 purity ratio as well as 203 

between yield and 260/280 purity ratio were mostly negative and resulted significant in 204 

H. ligniperda, O. laricis and C. luteus. Furthermore, the correlations between DNA 205 

concentration and 260/230 purity ratio as well as between yield and 260/230 purity 206 

ratio were mostly positive and resulted significant in H. ligniperda, O. erosus and C. 207 

luteus. Finally, the correlations between 260/280 and 260/230 purity ratios were 208 

significantly positive in O. laricis and significantly negative in C. luteus (Table 1, Fig S1, 209 

S2, S3, S4, and S5). 210 

A higher proportion of samples showing successful amplifications was obtained for M2 211 

than for M1 in all of species except for C. luteus, where the pattern was opposite (X2
 = 212 

9.41, p < 0.001 for H. ligniperda; X2
 = 86.7, p< 0.01 for H. ater; X2 = 86.7, p < 0.001 for 213 

O. erosus; X2 =11.13, p< 0.001 for O. laricis; X2
 = 62.5, p < 0.001 for C. luteus; Fig 2). 214 

 215 

Discussion 216 

The efficiency of two DNA extraction methods, based on different isolation 217 

approximations (phase separation and use of silica membranes) in each of five bark 218 

beetle species was different. The DNA quantity and quality values showed a variance 219 

that mainly depended on the species under consideration. In general terms, the results 220 

indicated that the commercial method performed better in most species. However, in 221 

C. luteus -the smallest species- the modified Baruffi method showed better PCR 222 

efficiency. Therefore, we conclude that it is not possible to recommend a single 223 

standard protocol for all species. 224 
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We found that DNA concentration is not always predictive of higher PCR performance, 225 

and that other properties of DNA quality may be particularly useful when considering 226 

the likelihood of amplification success (Ballaré et al. 2019). It has often been assumed 227 

that high levels of DNA concentration are necessary for high DNA quality (Andrews et 228 

al. 2016; Puritz et al. 2014). However, in this study the method that returned the 229 

highest DNA concentration as the most efficient in PCR amplifications was not 230 

consistently observed. 231 

When focusing on yield, better results were observed with the commercial kit 232 

regardless of the beetle species. It is also important to note that yield is usually 233 

influenced by many factors related to species’ characteristics, as for example body 234 

sclerotization, preservation method after field collection, or a particular and crucial 235 

step during extraction procedure, (i.e., DNA precipitation; Lear et al. 2018). In our case, 236 

and although all steps of material conservation, transportation and conditioning were 237 

controlled, minor tissue damage could still have occurred that might have influenced 238 

the yield and quality of extracted DNA (e.g., Chen et al. 2010), irrespective of the 239 

species. These properties of template DNA could become a determining factor for PCR 240 

efficiency (Schill 2007). In four out of five species, a higher PCR efficiency was observed 241 

in samples that were extracted with the commercial kit. Conversely, in the smallest 242 

species, C. luteus, a higher PCR success rate was observed for samples treated with M1, 243 

in spite of minor yield, opposite to what was observed for the other species.  244 

The 260/280 ratio, a proxy of purity, exhibited a negative relationship with DNA 245 

concentration as well as yield in all species, regardless of their size. In addition, the 246 

results showed that a higher 260/280 purity ratio did not guarantee PCR efficiency. This 247 
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trend was consistent across most species, with the method identified as the best-248 

performing candidate (M2) showing a lower PCR success rate but significantly higher 249 

260/280 purity ratio. In this sense, it is important to note that 83.8% of the samples 250 

(145 out of 173 total) had a 260/280 purity ratio value higher than 1.8, indicating 251 

“pure” DNA with little to no protein or other contaminants that absorb light at or near 252 

280 nm (Simbolo et al. 2013).  253 

In molecular studies that plan to extract DNA from a limited number of individuals, a 254 

high PCR efficiency is particularly important. However, in cases where the initial 255 

amount of tissue is small and/or the sample quality is low, the extracted DNA may 256 

compete with DNA contaminants over the course of an experiment (Lusk 2014). 257 

Implementing stricter laboratory precautions, such as routine UV irradiation of 258 

reagents and tools and positive pressure laboratory ventilation systems, could help 259 

minimize the risk of DNA contamination in the laboratory (Willerslev & Cooper 2005; 260 

Champlot et al. 2010). While laboratory contamination is probable, previous studies 261 

show that cross-contaminations were most likely introduced from the field (Goldberg 262 

et al. 2013; Kranzfelder et al. 2016). The results seem to indicate that in bark beetles 263 

the 260/280 purity ratio is not a variable that defines the efficiency of the PCR, but not 264 

everything has been said when it comes to tiny specimens that seem exceptional. 265 

The second indicative of DNA purity, the 260/230 ratio, showed a positive relationship 266 

with DNA concentration as well as yield in most species. Due to the presence of 267 

phenols, polysaccharide and other organic contaminants -that absorb light at 230 nm- 268 

the 260/230 ratio could become relevant and tightly link to a particular bark beetle 269 

species (Bilgin et al. 2009; Varma et al. 2007). We found opposite trends in purity ratio, 270 
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probably associated to the performance of each applied method of DNA isolation, 271 

between O. laricis and C. luteus. As the number of PCR successful events were 272 

contrasting in both species, we suggest that purity might have determined this 273 

outcome relation. Achieving complete elimination of these contaminants is particularly 274 

relevant in PCR amplification, given that contaminants cause inhibition in enzymes like 275 

restriction endonucleases and Taq polymerases (Arif et al. 2010; Calderón-Cortés et al. 276 

2010; Asghar et al. 2015). Considering the feeding interaction of bark beetles with 277 

trees and their frequent exposure to plant products, we propose that there may be a 278 

concomitant relationship between DNA concentration and organic contaminant 279 

present in the wood during the extraction process. These contaminants might interfere 280 

with the efficiency of PCR (Bilgin et al. 2009). Furthermore, this relationship is likely to 281 

change depending on the insect size and species. It is expected that the amount of 282 

genetic material extracted in smaller species would be less than that obtained in larger 283 

species -using the same protocol- and in fact, the proportion of organic contaminants 284 

will be greater as the smaller the insect. This could explain why M2 showed higher PCR 285 

efficiency in larger species while it failed completely in C. luteus – the smallest species- 286 

(Fig 4). In addition, the difference between protocols steps could be a key factor 287 

determining the PCR efficiency. The Baruffi method includes steps to separate aqueous 288 

phases and wash the extracted material with alcohols (see Materials and Methods), 289 

which are carefully performed to reduce the losing pellet fractions, especially in small 290 

species where the extracted material is even more limited. While in silica membrane-291 

based methods some loss of DNA is reported during the extraction (Rothe & Nagy 292 

2016). 293 
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Considering the presence of possible organic wood residues that could interfere with 294 

the PCR performance, future tests that include dissection of the digestive tract may be 295 

the key to achieve the proper removal of these contaminants. Furthermore, the time 296 

elapsed since the DNA extraction was carried out could be an important factor to the 297 

PCR performance (Hazir 2019; Soto-Calderón et al. 2009) and should be considered. 298 

The DNA isolated from xylophagous insects, which may contain polysaccharides, RNA 299 

and phenolics, is not suitable for long storage periods and has a shorter storage life 300 

(Horne et al. 2004; Lodhi et al. 1994; Rao & Doddamane 2022). 301 

In bark beetles the presence of residual organic wood molecules and their small and 302 

sclerotized bodies represent major constrains in the choice of a reliable extraction 303 

protocol. Our results show different key factors to consider when choosing a suitable 304 

method in these xylophagous insects. Although there is not a single extraction method 305 

for all species, by assessing DNA concentration, yield and purity as estimators of PCR 306 

success on several bark beetle species, we provide a novel approach to estimate the 307 

applicability of widely used laboratory routines.  308 
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Acknowledgements 310 

The authors thank Silvia Lanzavecchia and the Laboratorio de Insectos de Importancia 311 

Agronómica, Instituto de Genética “E.A. Favret”, INTA – CONICET, for their assistance in 312 

implementing the Baruffi extraction method (M1); and Sergio Ramos, Edgar Eskiviski, 313 

Gonzalo Martínez and Rodrigo Ahumada for providing bark beetle samples. This work 314 

was supported by a grant from Agencia Nacional de Promoción Científica y Tecnológica 315 

of Argentina (PICT 2019-235) and CONICET (PIP 11220200100764CO). 316 

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 9, 2024. ; https://doi.org/10.1101/2024.04.06.588396doi: bioRxiv preprint 

https://doi.org/10.1101/2024.04.06.588396
http://creativecommons.org/licenses/by-nd/4.0/


15 
 

 317 

References 318 

Aboul-Maaty NA, Oraby HA (2019) Extraction of high-quality genomic DNA from 319 

different plant orders applying a modified CTAB-based method. Bulletin of the National 320 

Research Centre 43, 1-10. https://doi.org/10.1186/s42269-019-0066-1 321 

Allen GC, Flores-Vergara MA, Krasynanski S, Kumar S, Thompson WF (2006) A modified 322 

protocol for rapid DNA isolation from plant tissues using cetyltrimethylammonium 323 

bromide. Nature Protocols 1, 2320– 2325. https://doi.org/10.1038/nprot.2006.384 324 

PMID: 17406474. 325 

Amini S, Nozari J, Hosseini R (2021) Molecular identification of elm bark beetles 326 

through DNA barcoding. Iranian Journal of Plant Protection Science 52, 15-23. 327 

https://doi.org/10.22059/ijpps.2020.305542.1006948 328 

Andrews TD, Jeelall Y, Talaulikar D, Goodnow CC, Field M A (2016) DeepSNVMiner: a 329 

sequence analysis tool to detect emergent, rare mutations in subsets of cell 330 

populations. PeerJ, 4, e2074. https://doi.org/10.7717/peerj.2074 331 

Arif IA, Bakir MA, Khan HA et al (2010) A simple method for DNA extraction from 332 

mature date palm leaves: impact of sand grinding and composition of lysis 333 

buffer. International journal of molecular sciences 11, 3149-3157. 334 

https://doi.org/10.3390/ijms11093149 335 

Asghar U, Malik MF, Anwar F, Javed A, Raza A (2015) DNA extraction from insects by 336 

using different techniques: a review. Advances in Entomology 3, 132. 337 

http://dx.doi.org/10.4236/ae.2015.34016 338 

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 9, 2024. ; https://doi.org/10.1101/2024.04.06.588396doi: bioRxiv preprint 

https://doi.org/10.3390/ijms11093149
https://doi.org/10.1101/2024.04.06.588396
http://creativecommons.org/licenses/by-nd/4.0/


16 
 

Ball SL, Armstrong KF (2008) Rapid, one-step DNA extraction for insect pest 339 

identification by using DNA barcodes. Journal of Economic Entomology 101, 523–532. 340 

https://doi.org/10.1093/jee/101.2.523 341 

Baruffi L, Damiani G, Guglielmino CR, Bandi C, Malacrida AR, Gasperi G (1995) 342 

Polymorphism within and between populations of Ceratitis capitata: comparison 343 

between RAPD and multilocus enzyme electrophoresis data. Heredity 74, 425-437. 344 

https://doi.org/10.1038/hdy.1995.60 345 

Biedermann PHW, Müller J, Grégoire JC et al (2019) Bark beetle population dynamics in 346 

the anthropocene: challenges and solutions. Trends Ecol Evol 34, 914–924. 347 

https://doi.org/10.1016/j.tree.2019.06.002 348 

Bilgin DD, DeLucia EH, Clough SJ (2009) A robust plant RNA isolation method suitable 349 

for Affymetrix GeneChip analysis and quantitative real-time RT-PCR. Nature 350 

protocols 4, 333-340. https://doi.org/10.1038/nprot.2008.249 351 

Borowiec ML, Dikow RB, Frandsen PB, McKeeken A, Valentini G, White AE (2022) Deep 352 

learning as a tool for ecology and evolution. Methods in Ecology and Evolution 13, 353 

1640-1660. https://doi.org/10.1111/2041-210X.13901 354 

Calderón-Cortés N, Quesada M, Cano-Camacho H, Zavala-Páramo G (2010) A simple 355 

and rapid method for DNA isolation from xylophagous insects. International journal of 356 

molecular sciences 11, 5056-5064. https://doi.org/10.3390/ijms11125056 357 

Champlot S, Berthelot C, Pruvost M, Bennett EA, Grange T, Geigl EM (2010) An efficient 358 

multistrategy DNA decontamination procedure of PCR reagents for hypersensitive PCR 359 

applications. PloS one 5, e13042. https://doi.org/10.1371/journal.pone.0013042 360 

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 9, 2024. ; https://doi.org/10.1101/2024.04.06.588396doi: bioRxiv preprint 

https://doi.org/10.1016/j.tree.2019.06.002
https://doi.org/10.1101/2024.04.06.588396
http://creativecommons.org/licenses/by-nd/4.0/


17 
 

Chen H, Rangasamy M, Tan SY, Wang HC, Siegfried BD (2010) Evaluation of five 361 

methods for total DNA extraction from western corn rootworm beetles. PLoS One 5, 362 

e11963. https://doi.org/10.1371/ journal.pone.0011963 PMID: 20730102 363 

Dairawan M, Shetty PJ (2020) The evolution of DNA extraction methods. Am. J. Biomed. 364 

Sci. Res 8, 39-45. http://dx.doi.org/10.34297/AJBSR.2020.08.001234 365 

Demeke T, Jenkins GR (2010) Influence of DNA extraction methods, PCR inhibitors and 366 

quantification methods on real-time PCR assay of biotechnology-derived traits. 367 

Analytical and bioanalytical chemistry 396, 1977-1990. 368 

https://doi.org/10.1007/s00216-009-3150-9 369 

Dittrich-Schroder G, Wingfield MJ, Klein H, Slippers B (2012) DNA extraction techniques 370 

for DNA barcoding of minute gall-inhabiting wasps. Mol Ecol Resour. 12, 109–115. 371 

https://doi.org/10.1111/j.1755-0998.2011.03074.x 372 

Ferrara L (2023) Extraction and Use of Insect-Derived Chitin and Chitosan. 373 

neuropeptides 2, 4. https://doi.org/10.35629/7781-080610761085   374 

Gefrides LA, Powell MC, Donley MA, Kahn R (2010) UV irradiation and autoclave 375 

treatment for elimination of contaminating DNA from laboratory 376 

consumables. Forensic science international: genetics 4, 89-94. 377 

https://doi.org/10.1016/j.fsigen.2009.06.008 378 

Goldberg CS, Sepulveda A, Ray A, Baumgardt J, Waits LP (2013) Environmental DNA as 379 

a new method for early detection of New Zealand mudsnails (Potamopyrgus 380 

antipodarum). Freshwater Science, 32(3), 792-800. https://doi.org/10.1899/13-046.1 381 

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 9, 2024. ; https://doi.org/10.1101/2024.04.06.588396doi: bioRxiv preprint 

https://doi.org/10.1101/2024.04.06.588396
http://creativecommons.org/licenses/by-nd/4.0/


18 
 

Gomez DF, Riggins JJ, Cognato AI (2023) Bark Beetles. In Forest Entomology and 382 

Pathology: Volume 1: Entomology (pp. 299-337). Cham: Springer International 383 

Publishing. 384 

Goodrich JK, Di Rienzi SC, Poole AC et al (2014) Conducting a microbiome 385 

study. Cell 158, 250-262. http://dx.doi.org/10.1016/j.cell.2014.06.037 386 

Grégoire JC, Jactel H, Hulcr J et al (2023) Cosmopolitan Scolytinae: strong common 387 

drivers, but too many singularities for accurate prediction. NeoBiota 84:81–105. 388 

https://doi.org/10.3897/neobiota.84.89826 389 

Hajibabaei M, deWaard JR, Ivanova NV et al (2005) Critical factors for assembling a high 390 

volume of DNA barcodes. Philosophical Transactions of the Royal Society B: Biological 391 

Sciences 360, 1959–1967. https://doi.org/10.1098/rstb.2005.1727 392 

Hazir C (2019) Success of DNA extraction and PCR amplification from dry pinned sand 393 

bees (Andrena spp. Fabricius, 1775) using newly-designed primers. Turkish Journal of 394 

Entomology 43, 79-96. https://doi.org/10.16970/entoted.460948 395 

Hosseini R (2010) An introduction to the principle of molecular biology techniques 396 

(With emphasizing on the study of insects). University of Guilan Press. 232 pp (In 397 

Persian) 398 

Horne EC, Kumpatla SP, Patterson KA, Gupta M, Thompson SA (2004) Improved high-399 

throughput sunflower and cotton genomic DNA extraction and PCR fidelity. Plant 400 

Molecular Biology Reporter 22, 83-84. https://doi.org/10.1007/BF02773352 401 

Ishak HD, Plowes R, Sen R et al (2011) Bacterial diversity in Solenopsis invicta and 402 

Solenopsis geminata ant colonies characterized by 16S amplicon 454 403 

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 9, 2024. ; https://doi.org/10.1101/2024.04.06.588396doi: bioRxiv preprint 

https://doi.org/10.1101/2024.04.06.588396
http://creativecommons.org/licenses/by-nd/4.0/


19 
 

pyrosequencing. Microbial ecology 61, 821-831. https://doi.org/10.1007/s00248-010-404 

9793-4 405 

Kirkendall LR, Biedermann PH, Jordal BH (2015) Evolution and diversity of bark and 406 

ambrosia beetles. Bark beetles. Academic Press, 2015. 85-156. 407 

https://doi.org/10.1016/B978-0-12-417156-5.00003-4 408 

Kranzfelder P, Ekrem T, Stur E (2016) Trace DNA from insect skins: a comparison of five 409 

extraction protocols and direct PCR on chironomid pupal exuviae. Molecular ecology 410 

resources 16, 353-363. https://doi.org/10.1111/1755-0998.12446 411 

Lagisz M, Port G, Wolff K (2010) A cost-effective, simple and high-throughput method 412 

for DNA extraction from insects. Insect Science 17, 465–470. 413 

https://doi.org/10.1111/j.1744-7917.2010.01318.x 414 

Lantschner MV, Corley JC, Liebhold AM (2020) Drivers of global Scolytinae invasion 415 

patterns. Ecological Applications eap.2103. https://doi.org/10.1002/eap.2103 416 

Lantschner V, Gomez DF, Vilardo G et al (2024) Distribution, Invasion History, and 417 

Ecology of Non-native Pine Bark Beetles (Coleoptera: Curculionidae: Scolytinae) in 418 

Southern South America. Neotropical Entomology, 1-13. 419 

https://doi.org/10.1007/s13744-023-01125-2 420 

Lear G, Dickie I, Banks J et al (2018) Methods for the extraction, storage, amplification 421 

and sequencing of DNA from environmental samples. New Zealand Journal of 422 

Ecology 42, 10-50A. https://doi.org/10.20417/nzjecol.42.9 423 

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 9, 2024. ; https://doi.org/10.1101/2024.04.06.588396doi: bioRxiv preprint 

https://doi.org/10.1002/eap.2103
https://doi.org/10.1101/2024.04.06.588396
http://creativecommons.org/licenses/by-nd/4.0/


20 
 

Lodhi MA, Ye G N, Weeden NF, Reisch BI (1994) A simple and efficient method for DNA 424 

extraction from grapevine cultivars and Vitis species. Plant Molecular Biology 425 

Reporter 12, 6-13. https://doi.org/10.1007/BF02668658 426 

Lusk RW (2014) Diverse and widespread contamination evident in the unmapped 427 

depths of high throughput sequencing data. PloS one 9, e110808. 428 

https://doi.org/10.1371/journal.pone.0110808 429 

Miller NJ, Guillemaud T, Giordano R et al (2009) Genes, gene flow and adaptation of 430 

Diabrotica virgifera virgifera. Agr Forest Entomol 11, 47–60. 431 

https://doi.org/10.1111/j.1461-9563.2008.00398.x 432 

Nishiguchi M, Doukakis P, Egan M et al (2002) DNA isolation procedures. In: Techniques 433 

in Molecular Systematics and Evolution, 249–287. https://doi.org/10.1007/978-3-0348-434 

8125-8_12 435 

Piper AM, Batovska J, Cogan NO et al (2019). Prospects and challenges of implementing 436 

DNA metabarcoding for high-throughput insect surveillance. GigaScience 8, giz092. 437 

https://doi.org/10.1093/gigascience/giz092 438 

Psifidi A, Dovas CI, Bramis G et al (2015). Comparison of eleven methods for genomic 439 

DNA extraction suitable for large-scale whole-genome genotyping and long-term DNA 440 

banking using blood samples. PLoS one 10, e0115960. 441 

https://doi.org/10.1371/journal.pone.0115960 442 

Puritz JB, Hollenbeck CM, Gold JR (2014). dDocent: a RADseq, variant-calling pipeline 443 

designed for population genomics of non-model organisms. PeerJ 2, e431. 444 

https://doi.org/10.7717/peerj.431 445 

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 9, 2024. ; https://doi.org/10.1101/2024.04.06.588396doi: bioRxiv preprint 

https://doi.org/10.1101/2024.04.06.588396
http://creativecommons.org/licenses/by-nd/4.0/


21 
 

R Core Team (2023) R: A Language and Environment for Statistical Computing. R 446 

Foundation for Statistical Computing, Vienna. Available from URL: https://www.R-447 

project.org 448 

Raffa KF, Aukema BH, Bentz BJ, et al (2008) Cross-scale Drivers of Natural Disturbances 449 

Prone to Anthropogenic Amplification: The Dynamics of Bark Beetle Eruptions. 450 

Bioscience 58, 501–517. https://doi.org/10.1641/B580607 451 

Rao, KV, Doddamane, M (2022) A method for isolation of DNA from Polyphagous 452 

Insects by cetyltrimethylammonium bromide (CTAB-PVPP method). Journal of 453 

Entomology and Zoology Studies 10, 117-120. 454 

https://doi.org/10.22271/j.ento.2022.v10.i6b.9099 455 

Roques A, Rabitsch W, Rasplus JY, Lopez-Vaamonde C, Nentwig, Kenis M (2009) Alien 456 

terrestrial invertebrates of Europe. In Handbook of alien species in Europe, 63-79. 457 

https://doi.org/10.1007/978-1-4020-8280-1_5 458 

Rothe J, Nagy M (2016) Comparison of two silica-based extraction methods for DNA 459 

isolation from bones. Legal Medicine 22, 36-41. 460 

https://doi.org/10.1016/j.legalmed.2016.07.008 461 

Salter SJ, Cox MJ, Turek EM et al (2014) Reagent and laboratory contamination can 462 

critically impact sequence-based microbiome analyses. BMC biology 12, 1-12. 463 

https://doi.org/10.1186/s12915-014-0087-z 464 

Schill RO (2007) Comparison of different protocols for DNA preparation and PCR 465 

amplification of mitochondrial genes of tardigrades. J Limnol 66, 164–170. 466 

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 9, 2024. ; https://doi.org/10.1101/2024.04.06.588396doi: bioRxiv preprint 

https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1101/2024.04.06.588396
http://creativecommons.org/licenses/by-nd/4.0/


22 
 

Simbolo M, Gottardi M, Corbo V et al (2013). DNA qualification workflow for next 467 

generation sequencing of histopathological samples. PloS one 8, e62692. 468 

https://doi.org/10.1371/journal.pone.0062692 469 

Simon C, Frati F, Beckenbach A, Crespi B, Liu H, Flook P (1994) Evolution, weighting, and 470 

phylogenetic utility of mitochondrial gene sequences and a compilation of conserved 471 

polymerase chain reaction primers. Annals of the entomological Society of America 87, 472 

651-701. https://doi.org/10.1093/aesa/87.6.651 473 

Soto‐Calderón ID, Ntie S, Mickala P, Maisels F, Wickings E J, Anthony NM (2009) Effects 474 

of storage type and time on DNA amplification success in tropical ungulate faeces. 475 

Molecular Ecology Resources 9, 471-479. https://doi.org/10.1111/j.1755-476 

0998.2008.02462.x 477 

Stevens JR, Picard CJ, Wells JD (2019) Molecular genetic methods for Forensic 478 

Entomology. Forensic Entomology. The Utility of Arthropods in Leg. Investigations, 253-479 

268. 480 

Stinson LF, Keelan JA, Payne M S (2019) Identification and removal of contaminating 481 

microbial DNA from PCR reagents: impact on low‐biomass microbiome analyses. 482 

Letters in applied microbiology 68, 2-8. https://doi.org/10.1111/lam.13091 483 

van der Loos LM, Nijland R (2021) Biases in bulk: DNA metabarcoding of marine 484 

communities and the methodology involved. Molecular Ecology 30, 3270-3288. 485 

https://doi.org/10.1111/mec.15592 486 

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 9, 2024. ; https://doi.org/10.1101/2024.04.06.588396doi: bioRxiv preprint 

https://doi.org/10.1101/2024.04.06.588396
http://creativecommons.org/licenses/by-nd/4.0/


23 
 

Varma A, Padh H, Shrivastava N (2007) Plant genomic DNA isolation: an art or a 487 

science. Biotechnology Journal: Healthcare Nutrition Technology 2, 386-392. 488 

https://doi.org/10.1002/biot.200600195 489 

Vilardo G, Faccoli M, Corley JC, Lantschner MV (2022). Factors driving historic 490 

intercontinental invasions of European pine bark beetles. Biological Invasions 24, 2973-491 

2991. https://doi.org/10.1007/s10530-022-02818-2 492 

Willerslev, E., & Cooper, A. (2005). Ancient dna. Proceedings of the Royal Society B: 493 

Biological Sciences 272, 3-16. https://doi.org/10.1098/rspb.2004.2813 494 

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 9, 2024. ; https://doi.org/10.1101/2024.04.06.588396doi: bioRxiv preprint 

https://doi.org/10.1101/2024.04.06.588396
http://creativecommons.org/licenses/by-nd/4.0/


24 
 

Table 1. Spearman correlation analysis between pairs of extraction success variables: DNA concentration, yield and 260/280 and 260/230 purity 495 

ratios. N: number of samples. CC: correlation coefficient. Asterisks indicate significant differences (* p < 0.05; ** p < 0.01; *** p < 0.001). 496 

                                   

Variable 1 Variable 2 
   H. ligniperda   H. ater   O. laricis   O. erosus   C. luteus 
   N CC   N CC   N CC   N CC   N CC 

DNA concentration Yield    81 0.83***   30 0.55**   20 0.98***   22 0.79***   20 0.6** 

DNA concentration 260/280    81 -0.36**   30 0.14   20 -0.77***   22 -0.2   20 -0.63** 

DNA concentration 260/230    81 0.37***   30 0.28   20 -0.21   22 0.65**   20 0.54* 

Yield 260/280    81 -0.65***   30 -0.56**   20 -0.81***   22 -0.19   20 -0.58* 

Yield 260/230    81 0.28*   30 0.28   20 -0.27   22 0.81***   20 0.9*** 

260/280 260/230    81 0.13   30 -0.09   20 0.45*   22 -0.42   20 -0.49* 
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 497 

Figure 1. Mean values (±SE) of DNA concentration, yield, and 260/280 and 260/230 498 

purity ratios for each extraction method, in each insect species separately. M1: Baruffi 499 

protocol, M2: commercial kit DNA Puriprep-T kit. Asterisks denote significant 500 

differences (*p < 0.05, **p < 0.01, ***p < 0.001). The proportionality in the size of the 501 

specimens for each species is in accordance with reality 502 

 503 

504 
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 505 

Figure 2. Amplification success proportion for both extraction methods, in each species 506 

separately. A: Hylurgus ligniperda, B: Hylastes ater, C: Orthotomicus laricis, D: 507 

Orthotomicus erosus, E: Cyrtogenius luteus. M1: Baruffi protocol, M2: commercial kit 508 

DNA Puriprep-T kit. Asterisks denote significant differences (**p < 0.01, ***p < 0.001) 509 
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