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Abstract  1 

A molecular diagnostic method using TaqMan probe qPCR is presented for the identification of 2 

Anoplophora chinensis (Förster) from whole body insects (adults and larvae) and frass samples 3 

stored under different conditions. The results showed a perfect amplification of DNA from all 4 

samples; the repeatability and reproducibility of the protocol were very good, with standard 5 

deviations of inter-run and intra-run variability less than or equal to 0.5. The assay allowed to 6 

discern all A. chinensis samples from those of the other non-target wood-borer species, with 100% 7 

correspondence to the homologous sequences. No amplification or cross reactions were observed 8 

with A. glabripennis (Motschulsky), which is the most related species among those tested. The 9 

protocol was validated by an internal blind panel test which showed a good correspondence 10 

between the results obtained by different operators in the same lab. The analytical sensitivity for the 11 

lab frass with the Probe qPCR, namely the lowest amount of A. chinensis DNA that can be detected 12 

(LoD), was 0.64 pg/µL with a Cq of 34.87. The use of indirect evidence for the identification of a 13 

pest is an important feature of the method, which could be crucial to detect the presence of wood-14 

boring insects. This diagnostic tool can help prevent the introduction of A. chinensis into new 15 

environments or delimit existing outbreak areas thanks to indirect frass diagnosis. 16 

 17 

Keywords: Citrus longhorned beetle, quarantine pests, frass, molecular tool, insect pest diagnostics 18 

 19 

  20 
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Introduction 21 

Anoplophora chinensis (Förster, 1771) (Coleoptera Cerambycidae), the citrus longhorned beetle, is 22 

a polyphagous woodborer of great economic importance worldwide (Haack et al. 2010). It is native 23 

to eastern Asia; however, it has also spread to many countries (EFSA 2019). Today the species has 24 

become established in many Asiatic countries (China, Indonesia, Korea, Malaysia, Myanmar, the 25 

Philippines, Taiwan, and Vietnam) and in Italy (in Lazio, Lombardy and two Tuscan provinces). In 26 

the rest of Europe and the United States (EFSA 2019; Hérard and Maspero 2019; EPPO 2021) it has 27 

either never been present, eradicated or is in the process of being eradicated. The threat posed by its 28 

accidental importation is high, and the species is considered a quarantine pest in many countries. 29 

The host plants include many forest and ornamental species as well as fruiting trees of economic 30 

importance (Haack et al. 2010). According to Sjöman et al. (2014), there are 108 woody host 31 

species belonging to 73 genera known in the literature. The A. chinensis life cycle typically lasts 32 

one to two years, and up to three in the northern areas. The adults emerge from the summer to mid-33 

autumn. After mating, oviposition occurs in the lower part of the trunk. Single eggs are deposited 34 

by the female under the bark. A female can deposit up to 100 eggs on different host plants. The 35 

eggs hatch after 2-3 weeks, and the larvae bore galleries towards the roots of healthy plants, often 36 

compromising the life of the plant and the quality of the wood (Haack et al. 2010). The citrus 37 

longhorned beetle is recognised to have a low diffusion capacity (EFSA 2019), and it has been 38 

observed mainly in urban areas or at the edges of woods, but never within forests. The trade in 39 

bonsai or other plants is indicated as the main diffusion method of A. chinensis, followed by the 40 

wood packaging (EFSA 2019). Mitigating the risk of these accidental introductions involves a 41 

robust regulatory framework for plant protection and efficient quarantine measures, as well as 42 

reliable pest identification. 43 

The morphological identification of A. chinensis larval stages requires a specific expertise, although 44 

a user-friendly dichotomous key based on morphological characters of larvae is available to 45 

distinguish between A. chinensis and related species (Pennacchio et al. 2012).  46 
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This study presents an original diagnostic protocol using qPCR with a hydrolysis probe (TaqMan) 47 

for identifying A. chinensis from whole-body insects (larvae or adults) and frass. Frass was used by  48 

Strangi et al. (2013) for the molecular identification of the citrus longhorned beetle with endpoint 49 

PCR. Frass is a matrix containing mainly chewed wood fragments produced by newly emerging 50 

adults leaving the pupation chamber, or wood fragments and faeces that wood-boring larvae 51 

produce inside the tunnels and push outside. In either case, frass has proven to be a suitable matrix  52 

for the identification of other xylophagous species (Blake et al. 2014; Ide et al. 2016a,b) in addition 53 

to A. chinensis (Kethidi et al. 2003) and A. glabripennis (Rizzo et al. 2020b). The use of frass for 54 

identification enables sample collection without destroying the host plant (Nagarajan et al. 2020), 55 

although the DNA can be degraded by negative environmental conditions and/or the presence of 56 

DNA amplification inhibitors (Strangi et al. 2013).  57 

Materials and methods 58 

Biological samples. Samples of A. chinensis as well as of non-target species used in the assays are 59 

shown in Table 1. Samples were collected in Tuscany (the provinces of Pistoia and Prato), between 60 

2015 and 2019, during the monitoring and management activities carried out by the Tuscan 61 

Phytosanitary Service as part of the mandatory control measures. The specimens, including larvae 62 

and adults, were collected, frozen, and then preserved in 70% ethanol at room temperature. The 63 

frass samples were derived from three different sources: a) the so-called “environmental” samples 64 

were sampled from infested Acer sp., Aesculus sp. and Populus sp. trees in the field, with the frass 65 

collected directly from the tunnels or on the ground, at the foot of the plant;  b) the “lab” samples 66 

were obtained by rearing A. chinensis in the lab on poplar stumps infested with the citrus long-67 

horned beetle and enclosed in a wired mesh to prevent adult flight; c) a third type of frass was 68 

collected in the field and stocked at room temperature for five years (“five-year-old” samples). Fig. 69 

1 shows the different structure of the environmental frass (Fig. 1A) and the lab frass (Fig.1B). To 70 

evaluate the possible role of environmental factors on DNA degradation and assay performance, the 71 

three sample types were kept separate throughout the experiment.  72 
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The frass samples (irrespectively of their origin) were collected and preserved in glass tubes at 73 

room temperature until the DNA had been extracted.  74 

The non-target DNA samples were extracted from adults, larvae and, when available, from the frass 75 

of other species belonging to the insect molecular collection at the Phytopathological Lab of the 76 

Tuscan Phytosanitary Service. The non-target samples were used for inclusiveness and diagnostic 77 

specificity tests for comparison with A. chinensis. These samples were collected in several regions 78 

in Italy by local Phytosanitary Service Inspectors during their routine monitoring or, in some cases, 79 

were provided by research institutions. In all samples, the insects were identified on the basis of 80 

specific morphological characters. 81 

DNA extraction from insect samples and frass  82 

DNA was extracted from both insect samples and frass, according to the protocol described in detail 83 

in a previous work Rizzo et al. 2020a), modified with a CTAB 2% extraction buffer and the 84 

automated purificator MaxWell 16 (Promega, Madison, WI, USA).  85 

To test the quality of the extracted DNA from the insect samples, an aliquot of each extract was 86 

diluted in double distilled water (1:20) and tested in a qPCR reaction, using a dual-labeled probe 87 

and targeting a highly conserved region of 18S rDNA (Ioos et al. 2009).  88 

To evaluate the amplifiability of nucleic acid extracts, qPCR reactions on DNA frass samples were 89 

performed using a TaqMan dual-labeled probe, targeting a highly conserved region of the 90 

cytochrome oxidase gene (Ioos et al. 2009). The amplifiability tests carried out on both frass and 91 

whole-body insect samples, were used to check the efficiency of extractions and to verify the 92 

presence of inhibitors through the detected Cq and the slope of the amplification curves. 93 

The concentration of DNA of each sample was determined using QIAxpert System (Qiagen, 94 

Hilden, Germany). 95 
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Design of primers and hydrolysis probe. The primer pairs and probe were designed preferentially 96 

within conserved region sequences of A. chinensis using the OligoArchitectTM Primers and Probe 97 

Online software (Sigma-Aldrich, St. Louis, USA) with the following parameters: 80 to 200 bp 98 

product size, melting temperature (Tm) from 55 to 65°C, primer length 18 to 22 bp, and absence of 99 

secondary structure when possible. The primers/probe used in this study are reported in Table 2. 100 

The genomic region used as the template was the sequence of A. chinensis mitochondrion, complete 101 

genome deposited in GenBank (accession No. KT726932.1). An in silico test of the primer pairs 102 

was then performed with BLAST® (Basic Local Alignment Search Tool: 103 

http://www.ncbi.nlm.nih.gov/BLAST) to assess the specificity of the designed primer pairs (Fig.2). 104 

As a further check on the specificity in silico, the nucleotide sequences related to the qPCR Probe 105 

(337F/374P/447R) were aligned using MAFFT (Katoh and Standley 2013) implemented in 106 

Geneious® 10.2.6 (Biomatters: http://www.geneious.com) (Kearse et al. 2012).  107 

Optimization of the assay. In the qPCR probe protocol, temperatures ranging from 52° to 60°C 108 

were used to determine the optimal annealing temperatures. Two technical replicates were 109 

performed for all reactions using a CFX96 (Biorad, Hercules, CA, USA) thermal cycler. 110 

Fluorescence was read at each cycle, at the end of the extension step.  111 

The concentrations of the oligos and probe were tested at 0.2 µM, 0.3 µM and 0.4 µM for oligos 112 

and 0.1 µM, 0.2 µM and 0.3 µM for the probe. To evaluate the robustness of the methods, two 113 

different master mixes from two companies were used for a comparison: the Quanti Nova 114 

MasterMix Probe (Qiagen, Hilden, Germany) was compared with the iTAQ MasterMix (Biorad, 115 

Hercules, CA, USA).  116 

The diagnostic specificity of the qPCR probe protocol was tested for both target and non-target 117 

species to compare the inclusivity and exclusivity in the different matrices analyzed. Samples 118 

(target and non-target) were normalized with a dilution DNA/ddsH2O at a working concentration of 119 

10 ng/μL before real time amplification. 120 
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Validation of TaqMan assay. The analytical sensitivity, specificity and 121 

repeatability/reproducibility were determined according to EPPO Standard PM 7/98(4) (EPPO 122 

2019). 123 

Diagnostic inclusivity and exclusivity were assayed in triplicate on all target and non-target 124 

samples. To test the performance parameters (specificity, sensitivity, and accuracy) of the assay, an 125 

internal panel was used with blind samples processed by different operators at different times. A 126 

total of 38 samples were assayed in the study, and in particular: for the non-target species, two 127 

samples of Cossus cossus L., two of Aromia bungii (Faldermann), four of A. glabripennis 128 

(Motschulsky) frass; for the target species A. chinensis, twenty-two samples of frass (ten of the 129 

environmental frass, ten of the lab frass and two of the five-year-old frass), four adults and four 130 

larvae were tested (Table 1). Each sample was numbered and handed over to another operator to be 131 

processed.  132 

The master mix used in qPCR was QuantiNova MasterMix for the probe (Qiagen, Hilden, 133 

Germany). Primers and probes were diluted at 20 µM and 10 µM, respectively. A total amount of 134 

100 µL of each extracted DNA (at a normalized concentration of 10 ng/µL) was used internally for 135 

the blind test. The true positive parameters, false negatives, false positives, and true negatives were 136 

considered (EPPO 2019). 137 

Standard parameters such as the cycle quantification mean (Cq), and the standard deviation (SD) 138 

were taken into account to calculate the intra-run variation (repeatability) and inter-run variation 139 

(reproducibility).  140 

To estimate the repeatability, eight samples were tested in triplicate in two separate runs and the SD 141 

was calculated for each sample. In estimating the reproducibility, the data of two analyses carried 142 

out by different operators at different times were compared. 143 
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LoD was estimated using a 10-fold 1:5 serial dilution of DNA extracted from an “artificial frass”, 144 

obtained by adding a DNA extract  (100 ng/μL) from the frass of another wood borer (Aromia 145 

bungii)  to 10 ng/μL of DNA extract from A. chinensis larvae. Each dilution was tested in triplicate 146 

over 10 1: 5 dilutions (from 10 ng/μL of A. chinensis larvae to 0.01 fg/μL). From the standard curve 147 

obtained, the main performance parameters of the qPCR were calculated as the efficiency (E) and 148 

coefficient of determination (r2) of qPCR reaction using CFX Maestro 1.0 (Biorad, Hercules, CA, 149 

USA). Data were analyzed using the statistical software SPSS version 26.0 (SPSS Inc., Chicago, IL, 150 

USA).  151 

Results 152 

DNA extraction from frass and insect samples. The DNA extracted from frass was of a high 153 

quality and sufficient quantity (the maximum was reached in environmental frass samples with an 154 

average concentration of 313.24±39.85 ng/µL and an average 260/280 nm absorbance ratio of 155 

2.02±0.02). The efficiency of the extraction protocol was confirmed by qPCR (COX) probe with an 156 

average Cq of 18.36±2.01.  157 

The DNA extraction protocol from insect bodies was also efficient: the mean concentrations were 158 

96±26 ng/µL and 147±3.38 ng. The A260/280 ratios were 1.76±0.15 and 1.96±0.18 for larvae and 159 

adults, respectively. The DNA extracts from A. chinensis larvae and adults were perfectly amplified 160 

with a mean Cq value of 15.76±1.37 with 18S rDNA. The performances of the extractions from the 161 

environmental and lab frass samples were similar, with the DNA quantities from the environmental 162 

frass samples being slightly higher than the lab samples (Table 3).  163 

Optimization of the diagnostic methods for Anoplophora chinensis. The optimized 164 

thermocycling conditions of qPCR were set at 95°C for 2 min, followed by 40 cycles at 95°C for 10 165 

s and 58°C for 40 s. All reactions were performed in a final volume of 20 μL and contained 1X 166 

Quanti Nova Probe PCR Master Mix (Qiagen, Valencia, CA, USA), 0.4 µM and 0.2 µM of the 167 

primer and probe respectively, and 2 μL of template DNA.  168 
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Validation of TaqMan assay. The results obtained in the internal blind panel showed a specificity, 169 

sensitivity, and diagnostic accuracy equal to 100% (EPPO 2019). No significant differences were 170 

observed among the different types of A. chinensis DNA frass (environmental, lab and five-year-old 171 

frass).  172 

Repeatability and reproducibility were estimated only for A. chinensis DNA frass samples, which 173 

showed very low values (Table 4). The repeatability values, as well as the reproducibility values, 174 

measured as the standard deviation (SD), varied between 0.00 and 0.48.  175 

The sensitivity of the assay, tested with the serial dilutions 1:5 of the DNA from A. chinensis 176 

control frass, produced a good linear regression curve whose coefficient of determination (r2) was 177 

0.99 (Fig. 3). The efficiency value was 82.3%. The analytical sensitivity for the lab frass with the 178 

probe qPCR, i.e. the lowest amount of A. chinensis DNA that can be detected (LoD), was 0.64 179 

pg/µL (Table 5).  180 

Discussion 181 

The need for standardized and reliable methods for pest identification is key in internationally 182 

recognized phytosanitary practices, as demonstrated by the general guidelines formulated by IPPC 183 

and FAO in the International Standard of Phytosanitary Measures (ISPM 27) (FAO 2016) and 184 

established by EPPO, for Europe and the Mediterranean Region, in its diagnostic protocols (PM7). 185 

These guidelines outline the principles of pest diagnostics, with the basic requirements being 186 

standardization, reliability, rapidity, sensitivity, and repeatability (Hodgetts et al. 2016).   187 

In the case of insect pests, the diagnostic methods should enable insect pests to be recognised at 188 

each development stage or on the basis of evidence such as biological residues (such as frass or 189 

faeces). The molecular tools match previous requirements perfectly, providing many interesting 190 

diagnostic solutions (Augustin et al. 2012). Current molecular methodologies for identifying 191 

quarantine pests involve techniques that can be easily used in basic molecular laboratories (Rizzo et 192 

al. 2020a).  193 
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In this study, a protocol was established for the identification of the citrus longhorned beetle. The 194 

proposed assay was shown to be efficient not only on larvae and adults of the pest, but also on its 195 

frass, for an indirect diagnosis. However, the frass is a “difficult” matrix, in which the amount of 196 

DNA is scarce with inhibitors capable of preventing DNA amplification. Moreover, the frass may 197 

be exposed to environmental factors (i.e., temperature, humidity, solar radiation) especially when it 198 

is ejected from the exit holes, which means that the DNA may be degraded. These constraints were 199 

overcome in the protocol proposed using an efficient DNA extraction method, which enabled DNA 200 

of a high quality and quantity to be obtained from frass .  The strength of the extraction from faecal 201 

pellets and wood residues is the purification step using a CTAB buffer followed by the addition of 202 

chloroform  in order to facilitate the appropriate extraction of DNA also from a complex matrix 203 

such as frass. The DNA concentrations obtained from A. chinensis frass were comparable to those 204 

obtained for a similar species, A. glabripennis (Rizzo et al. 2020b), and another Cerambycidae, 205 

Aromia bungii (Rizzo et al. 2021) using the same extraction method. The qPCR assay was able to 206 

differentiate between all the A. chinensis samples and those of the other non-target wood-boring 207 

species, with 100% diagnostic specificity. No amplification or cross reactions were observed with 208 

A. glabripennis, which is the most related species among those tested. The protocol was also 209 

validated by an internal blind panel test which showed a good correspondence between the results 210 

obtained by different operators in the same lab. The repeatability and reproducibility of the assay 211 

were satisfactory, as the standard deviations of inter-run and intra-run variability were less than or 212 

equal to 0.5 (Teter and Steffen 2017). Considering that the linear regression fitted to the standard 213 

curve data should have a r2 ≥0.98 for qPCR (Bustin et al. 2009), the linearity of the qPCR standard 214 

curve was very good, with a coefficient of determination r2 of 0.99. On the other hand, the reaction 215 

efficiency was 82.5% which falls within the acceptable, albeit rather low, range (D’haene et al. 216 

2010). Several factors could explain the low assay amplification efficiency (Lamarche et al. 2015), 217 

however in this specific case, it is due to the particular matrix, which obviously contains PCR 218 

inhibitors. The smallest amount of A. chinensis DNA detectable in the frass (LoD) was 0.64 pg/µL 219 
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corresponding to an average Cq of 34.87. This is particularly important in terms of proposing the 220 

method as a standard diagnostic tool.  221 

The proposed qPCR using a hydrolysis probe (TaqMan) protocol provides an accurate and reliable 222 

diagnosis of A. chinensis infestation on frass. This matrix provided a very surprisingly rich source 223 

of DNA, with a satisfactory quality and quantity, regardless of the age and/or storage conditions of 224 

the sample. In this regard, it was a deliberate decision not to use specific storage conditions (i.e., 225 

storage below -20°C) for the frass, in order to demonstrate how the presence of A. chinensis can be 226 

detected simply by analysing frass in normal operating situations. 227 

These findings confirmed previous results obtained on A. glabripennis (Rizzo et al. 2020b). Unlike 228 

the results of other studies (Strangi et al. 2013) on degradation and the presence of inhibitors in a 229 

frass matrix, our extraction method worked efficiently on all the assayed frass samples.  230 

Among invasive alien insects, wood-boring species are considered particularly harmful, because 231 

wood packaging and goods are transported globally, and  these insects are difficult to detect 232 

(Augustin et al. 2012; Hulme 2009). A rapid, relatively easy, and efficient diagnosis is thus highly 233 

desirable. Such a tool could be crucial for use at entry points or sites (nurseries, parks, etc.) exposed 234 

to risks, or directly in the field when an infestation is in the process of spreading (Hérard et al. 235 

2006). 236 

We thus believe that our protocol could open new perspectives in the diagnostics of wood-boring 237 

insect pests, enabling harmful species to be indirectly detected from the weak traces left in the 238 

environment which could be used as fingerprints. The availability of large sets of such molecular 239 

tools could greatly enhance control operations, especially when the risk of the introduction or 240 

diffusion of quarantine species is high. 241 

Acknowledgments 242 

Thanks are due to our colleagues from the Tuscan Phytosanitary Service (particularly to the 243 

inspectors of the Pistoia branch) for their contribution in the field sample collection  during their 244 

routine monitoring operations. 245 



12 
 

Declarations 246 

Funding. No funding was received to assist with the preparation of the manuscript. 247 

Data availability. The data of this study are available from the corresponding author upon request. 248 

Conflicts of Interest. The authors declare no conflict of interest. 249 

References 250 

Augustin S., N. Boonham, W.J. De Kogel, P. Donner, M. Faccoli, D.C. Lees, L. Marini, N. 251 

Mori, E. Petrucco, S. Quilici, A. Roques, A. Yart , and A. Battisti. 2012. A review of pest 252 

surveillance techniques for detecting quarantine pests in Europe Bull OEPP 42:515–551 253 

Blake N., N.J. McKeown, and P.W. Shaw. 2014. DNA isolation from single pieces of beetle 254 

frass: a resource for conservation genetic studies of Gnorimus nobilis. Antenna ECE Special 255 

Edition 17:64-65. 256 

Bustin S.A., V. Bene, J.A. Garson, J. Hellemans, J. Huggett, M. Kubista, R. Mueller, T. Nolan, 257 

M.W. Pfaffl, G.L. Shipley, J. Vandersompele, and T. Wittwer. 2009. The MIQE Guidelines: 258 

Minimum Information for Publication of Quantitative Real-Time PCR Experiments. Clin Chem. 259 

55:1–12 https://doi.org/10.1373/clinchem.2008.112797 260 

D’haene B., J. Vandesompele, and J. Hellemans. 2010. Accurate and objective copy number 261 

profiling using real-time quantitative PCR. Methods 50: 262–270 doi: 10.1016/j.ymeth.2009.12.007 262 

PMID: 20060046 263 

EPPO (European and Mediterranean Plant Protection Organization). 2019. PM 7/98 (4) – 264 

specific requirements for laboratories preparing accreditation for a plant pest diagnostic 265 

activity. Bull OEPP 49(3):530–563  https://doi.org/10.1111/epp.12629 266 

FAO (Food Agriculture Organization). 2016. Diagnostic protocols for regulated pests. ISPM 267 

(International standard for Phytosanitary Measures) 27.   (available online: 268 

https://www.ippc.int/static/media/files/publication/en/2016/01/ ISPM_27_2006_WithoutApp2_En_ 269 

2015-12-22_PostCPM10_InkAmReformatted.pdf) (Accessed on 19 January 2021)  270 



13 
 

Haack R.A., J.J. Turgeon, F. Herard, and J. Sun. 2010. Managing invasive populations of Asian 271 

longhorned beetle and citrus longhorned beetle: A worldwide perspective. Ann Rev Entomol 272 

55:521–546 https://doi.org/10.1146/annurev-ento-112408-085427 273 

Hérard F., M. Ciampitti, M. Maspero, H. Krehan, U. Benker, C. Boegel, and P. Bialooki. 274 

2006. Anoplophora species in Europe: infestations and management processes 1. Bull OEPP 275 

36(3):470–474 https://doi.org/10.1111/j.1365-2338.2006.01046.x 276 

Hérard F., and M. Maspero. 2019. History of discoveries and management of the citrus 277 

longhorned beetle, Anoplophora chinensis, in Europe. J Pest Sci 92:117-130 278 

https://doi.org/10.1007/s10340-018-1014-9 279 

Hodgetts J., J.C. Ostojá-Starzewski, T. Prior, R. Lawson, J. Hall, and N. Boonham. 2016. 280 

DNA barcoding for biosecurity: case studies from the UK plant protection program. Genome 281 

59:1033–1048 https://doi.org/10.1139/gen-2016-0010 282 

Hulme P.E. 2009. Trade transport and trouble: managing invasive species pathways in an era of 283 

globalization. J. Appl. Ecol. 46:10–18 https://doi.org/10.1111/j.1365-2664.2008.01600.x 284 

Ide T., N. Kanzaki, W. Ohmura, and K. Okabe. 2016a. Molecular Identification of an Invasive 285 

Wood-Boring Insect Lyctus brunneus (Coleoptera: Bostrichidae: Lyctinae) Using Frass by Loop-286 

Mediated Isothermal Amplification and Nested PCR Assays. J Econ Entomol., 109(3): 1410–1414 287 

https://doi.org/10.1093/jee/tow030 288 

Ide T., N. Kanzaki, W. Ohmura, and K. Okabe. 2016b. Molecular Identification of the western 289 

Drywood Termite (Isoptera: Kalotermitidae) by Loop-Mediated Isothermal Amplification of DNA 290 

from fecal pellet. J Econ Entomol., 109(5): 2234-2237 https://doi.org/10.1093/jee/tow167 291 

Katoh K., and D.M. Standley. 2013. MAFFT multiple sequence alignment software version 7: 292 

improvements in performance and usability. Mol. Biol. Evol. 30: 772–780 293 

https://doi.org/10.1093/molbev/mst010 294 



14 
 

Kearse M., R.Moir, A. Wilson, S.Stone-Havas, M. Cheung, S. Sturrock, S. Buxton, A. Cooper,  295 

S. Markowitz, C. Duran, T. Thierer, B. Ashton, P. Meintjes, and A. Drummond. 2012. 296 

Geneious Basic: an integrated and extendable desktop software platform for the organization and 297 

analysis of sequence data. Bioinformatics, 28:1647–1649 doi:10.1093/bioinformatics/bts199 298 

Ioos R., C. Fourrier, G. Iancu, and T.R. Gordon. 2009. Sensitive detection of Fusarium 299 

circinatum in pine seeds by combining an enrichment procedure with a Real-Time PCR using dual-300 

labeled probe chemistry. Phytopathology 99:582–590. DOI: 10.1094/PHYTO-99-5-0582 301 

Lamarche J., A. Potvin, G. Pelletier, D. Stewart, N. Feau, D.I.O. Alayon, A.L. Dale, A. Coelho, 302 

A. Uzunovic, and G.J. Bilodeau. 2015. Molecular detection of 10 of the most unwanted alien 303 

forest pathogens in Canada using real-time PCR. PLoS One 10:e0134265 304 

https://doi.org/10.1371/journal.pone.0134265  305 

Nagarajan R.P., A. Goodbla, E. Graves, M. Baerwald, M. Holyoak, and A. Schreier. 2020. 306 

Noninvasive genetic monitoring for the threatened valley elderberry longhorn beetle. PLoS ONE 307 

15(1): e0227333. https://doi.org/10.1371 /journal.pone.0227333 308 

Pennacchio F., P.G. Sabbatini, C. Jucker, G. Allegro, and P.F. Roversi. 2012. A key for the 309 

identification of larvae of Anoplophora chinensis, Anoplophora glabripennis and Psacothea hilaris 310 

(Coleoptera Cerambycidae Lamiinae) in Europe. Redia, 95: 57-65 311 

Rizzo D., A. Taddei, D. Da Lio, F. Nugnes, E. Barra, L. Stefani, L. Bartolini, R.V. Griffo, P. 312 

Spigno, L. Cozzolino, E. Rossi, and A.P. Garonna, 2020a. Identification of the Red-Necked 313 

Longhorn Beetle Aromia bungii (Faldermann, 1835) (Coleoptera: Cerambycidae) with Real-Time 314 

PCR on Frass. Sustainability, 12: 6041. https:// doi.org/10.3390/su12156041.  315 

Rizzo D., D. Da Lio, T. Bruscoli, G. Cappellini, L. Bartolini, C. Salemi,  N. Luchi, F. 316 

Pennacchio, and E. Rossi. 2020b. Molecular Identification of Anoplophora glabripennis 317 

(Coleoptera: Cerambycidae) from frass by loop-mediated isothermal amplification. J Econ Entomol 318 

113 (6): 2911-2919. https://doi.org/10.1093/jee/toaa206 319 



15 
 

Rizzo D., N. Luchi, D. Da Lio, L. Bartolini, F. Nugnes, G. Cappellini, T. Bruscoli, C. Salemi, 320 

R. V. Griffo, A. P. Garonna, and E. Rossi. 2021. Development of a Loop-mediated Isothermal 321 

Amplification (LAMP) assay for the identification of the invasive wood borer Aromia bungii 322 

(Coleoptera: Cerambycidae) from frass. 3 Biotech 11: 85. https://doi.org/10.1007/s13205-020-323 

02602-w 324 

Sjöman H., J. Östberg, and J. Nilsson. 2014. Review of Host Trees for the Wood-Boring Pests 325 

Anoplophora glabripennis and Anoplophora chinensis: An Urban Forest Perspective. Arboric 326 

Urban For. 40(3): 143–164  327 

Strangi A., G. Sabbatini Peverieri, and P.F. Roversi. 2013. Managing outbreaks of the citrus 328 

long-horned beetle Anoplophora chinensis (Forster) in Europe: molecular diagnosis of plant 329 

infestation. Pest Manag. Sci., 69:627–634 https://doi.org/10.1002/ps.3416 330 

Teter S. and L. Steffen. 2017. Real-Time qPCR: Guidelines for a Comparison of Reagent 331 

Performance. Application Note #AN299. Retrieved from  Promega Corporation website: 332 

https://ita.promega.com/resources/pubhub/applications-notes/an299-real-time-qpcr-guidelines-for-333 

a-comparison-of-reagent-performance/. 334 


