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Abstract 

As the world's second largest timber importer, wood demand in China has been growing extremely rapidly, leading to an increase 

of 163% from 2009 to 2018. The plant quarantine pest H. ligniperda Fabricius, 1787 is an invasive species frequently intercepted 

at ports. H. ligniperda causes damage mainly to pine and spruce. To improve the efficiency of on-site inspection and the efficacy 

of early detection, tight quarantine in ports, time-effective identification, and a national surveillance program for high-risk 

invasive bark beetles are in urgent need. In this study, a simple, fast and accurate classification method for H. ligniperda is 

established based on the enzyme-mediated duplex exponential amplification (EmDEA) technique. Partial region from inhibitor 

of apoptosis 2 (IAP2) gene was selected as the target and 6 primer/probe combinations were designed. Through selection, the 

combination of 3-HY-F3, 3-HY-R2 and 3-HY-RNA5 was chosen as the final primer-probe set, as it showed the lowest Ct with 

highest final fluorescence signal. Method validation and specificity test using 6 other beetle species living on coniferous wood 

showed that this method is result reliable and specific. Through parameter analysis with positive plasmid, the detection limit was 

calculated to be 13.6 copies/μL (9×10
-7

 ng DNA/ reaction), much higher than conventional molecular methods such as PCR. The 

whole process including isothermal amplification, data analysis, and result output can be finished in 30 min, which is highly 

time-effective. Besides, the operation is simple and little training is needed for non-professionals. The application prospects of 

this rapid screening system include customs screening in ports, wild survey in non-lab situations and early warning system 

development. The new analysis platform EmDEA, can also be implemented in rapid detection and identification of other forestry 

pests. 
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1. Introduction 

The important plant pest red-haired pine bark beetle (H. 

ligniperda Fabricius, 1787), belongs to Coleoptera, Curcu-

lionidae, Hylurgini taxonomically [1]. Originated from 

southern Europe and the Mediterranean coast of northern 

Africa, it has been spread to all the continents due to in-

creasing international trade and social communication glob-

ally [2]. H. ligniperda adults live in soil, invade the roots of 

newly cut or healthy trees and finally kill them. Gifted with an 

outstanding natural transmission ability, this wood-boring 

beetle forms a major threat to pine and spruce [3]. Timber 

imports have been rising year by year, resulting in an increase 

of 163% from 2009 to 2018, thus China has become the 

world's second largest timber importer [4]. Moreover, it 

achieves long-distance transmission via international trans-

portation of wood, wood packaging and bedding materials [5]. 

Once across the borderline and established, the spread of H. 

ligniperda would significantly harm the local ecology and 

lead to considerable economic loss in China [6]. Rapid, and 

accurate identification would contribute to efficient screening 

in ports and further monitoring of H. ligniperda. 

Traditional identification methods for insects based on 

morphological characteristics have several drawbacks [7]. 

Most of all, morphological discrimination is largely based on 

complete adults, whereas samples collected in ports are often 

in the early growth stages (eggs, larvae, or pupae), or even in 

an incomplete condition. Besides, species classification re-

quires solid taxonomic background and much training expe-

rience. The identification of many pests, especially unknown 

ones based on morphological traits needs improvement in 

precision and efficiency. 

Molecular analysis platforms are useful tools that can aid in 

precise identification of plant pests [8]. Barcoding system has 

become an useful way for domestic/invasive species delimi-

tation, with progresses in accuracy, convenience and 

time-cost [9]. Gene regions from mitochondrial DNA, such as 

COI and COII, are the most popular barcodes due to several 

advantages such as near-neutrality, universality and minimal 

recombination [10-12]. However, commonly used molecular 

methods such as PCR, are often time-consuming, relying on 

thermostable DNA polymerase and expensive thermal cycler, 

and professional training [13]. Thus, they are not suitable for 

on-site applications. In this background, isothermal amplifi-

cation was proposed as an efficient supplement for nucleic 

acid amplification working at one temperature. It succeeds in 

in vitro amplification independent of conventional three steps 

of high-temperature denaturation, annealing, and extension. 

In other words, it does not rely on complex equipment such as 

PCR cycler [14]. 

In this study, a fast, simple and precise identification 

method for H. ligniperda is developed based on the EmDEA 

technique. The whole process including isothermal amplifi-

cation, data analysis, and result output can be finished in 30 

min, which is highly time-effective. Besides, the operation is 

simple and little training is needed for non-professionals. This 

method is aimed to assist rapid screening of H. ligniperda and 

fast customs clearance in ports. 

2. Materials & Methods 

2.1. Sample Preparation & DNA Extraction 

Altogether 16 insect samples were used in method devel-

opment, including 10 H. ligniperda and 6 other insect species 

(Table 1). Some of them were reserved samples in our lab, and 

others were donated by other institutions. Ips grandicollis, I. 

calligraphus, and I. typographus all belong to Hylurgini, which 

are closely related to H. ligniperda taxonomically. Nucleic acid 

extraction from insect samples was conducted using a fast 

method [15]. The DNA solutions were analyzed via NanoDrop 

2000C (ThermoFisher, China) and stored at -20°C. 

Table 1. Sample list. 

No. Order, Family Species Host Origin 

1 Coleoptera, Curculionidae H. ligniperda Fabricius, 1787 Pinus radiata Reserved sample 

2 Coleoptera, Curculionidae H. ligniperda Fabricius, 1787 / Reserved sample 

3 Coleoptera, Curculionidae H. ligniperda Fabricius, 1787 Pinus radiata Reserved sample 

4 Coleoptera, Curculionidae H. ligniperda Fabricius, 1787 Pinus sylvestris Reserved sample 

5 Coleoptera, Curculionidae H. ligniperda Fabricius, 1787 / Reserved sample 

6 Coleoptera, Curculionidae H. ligniperda Fabricius, 1787 Pinus radiata Reserved sample 

7 Coleoptera, Curculionidae H. ligniperda Fabricius, 1787 Pinus radiata Reserved sample 

8 Coleoptera, Curculionidae H. ligniperda Fabricius, 1787 Pinus radiata Reserved sample 
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No. Order, Family Species Host Origin 

9 Coleoptera, Curculionidae H. ligniperda Fabricius, 1787 Pinus radiata Reserved sample 

10 Coleoptera, Curculionidae H. ligniperda Fabricius, 1787 Pinus radiata Reserved sample 

11 Coleoptera, Scolytidae I. grandicollis Eichhoff Pinus taeda Donated by Guangzhou Customs 

12 Coleoptera, Curculionidae X. compactus Eichhoff, 1875 Rhododendron simsii Reserved sample 

13 Coleoptera, Curculionidae X. germanus Blandford / Reserved sample 

14 Coleoptera, Curculionidae X. crassiusculus Motschulsky / Donated by Guangzhou Customs 

15 Coleoptera, Scolytidae I. calligraphus Germar / Reserved sample 

16 Coleoptera, Scolytidae I. typographus L. Picea asperata Donated by Nanjing Customs 

 

2.2. Target Region Selection & Primer Design 

Partial region from inhibitor of apoptosis 2 (IAP2) gene 

(Accession No. MF771792.1) was selected as the target and 

corresponding primers were designed by GeneVide Biotech 

Co., Ltd. (China). DNA primers and recombinant plasmid 

inserted with the target gene region were synthesized by BGI 

Co., Ltd (Guangdong), and RNA probes were provided by 

GeneVide Biotech Co., Ltd. (China). 

2.3. Establishment of EmDEA Assay 

The reaction mixture (in a total volume of 20 μL) consists 

of 1 μL upstream primer (10 μM), 1 μL downstream primer 

(10 μM), 1 μL RNA probe (1 μM), 7 μL DNA template, 10 μL 

activating buffer, and one tube of dried enzyme powder. The 

activating buffer and dried enzyme powder were provided by 

GeneVide Biotech Co., Ltd. (China) in a commercial kit 

(product code: RR032). Amplification was performed using a 

LightCycler480II (Roche, Switzerland). Totally 30 cycles of 

amplification were carried out, each at 42°C for 1 min. The 

reporter was FAM (carboxyfluorescein). Fluorescence signal 

was collected at the end of each cycle. 

Primer-probe combinations were subject to 3 rounds of se-

lection using recombinant plasmid as template to obtain the 

most efficient primer-probe set. The most effective RNA probe 

was determined after the first round based on combination 

series (Table 2). Then came to the selection of most productive 

downstream and upstream primers in a similar way. 

Table 2. Primer-probe selection combination. 

No. Combination RNA probe 
Upstream 

Primer 

Downstream 

Primers 

1 RNA1F3R3 3-HY-RNA1 3-HY-F3 3-HY-R3 

2 RNA1F3R4 3-HY-RNA1 3-HY-F3 3-HY-R4 

No. Combination RNA probe 
Upstream 

Primer 

Downstream 

Primers 

3 RNA1F4R3 3-HY-RNA1 3-HY-F4 3-HY-R3 

4 RNA1F4R4 3-HY-RNA1 3-HY-F4 3-HY-R4 

5 RNA2F3R3 3-HY-RNA2 3-HY-F3 3-HY-R3 

6 RNA2F3R4 3-HY-RNA2 3-HY-F3 3-HY-R4 

7 RNA2F4R3 3-HY-RNA2 3-HY-F4 3-HY-R3 

8 RNA2F4R4 3-HY-RNA2 3-HY-F4 3-HY-R4 

9 RNA3F3R3 3-HY-RNA3 3-HY-F3 3-HY-R3 

10 RNA3F3R4 3-HY-RNA3 3-HY-F3 3-HY-R4 

11 RNA3F4R3 3-HY-RNA3 3-HY-F4 3-HY-R3 

12 RNA3F4R4 3-HY-RNA3 3-HY-F4 3-HY-R4 

13 RNA4F3R3 3-HY-RNA4 3-HY-F3 3-HY-R3 

14 RNA4F3R4 3-HY-RNA4 3-HY-F3 3-HY-R4 

15 RNA4F4R3 3-HY-RNA4 3-HY-F4 3-HY-R3 

16 RNA4F4R4 3-HY-RNA4 3-HY-F4 3-HY-R4 

17 RNA5F3R3 3-HY-RNA5 3-HY-F3 3-HY-R3 

18 RNA5F3R4 3-HY-RNA5 3-HY-F3 3-HY-R4 

19 RNA5F4R3 3-HY-RNA5 3-HY-F4 3-HY-R3 

20 RNA5F4R4 3-HY-RNA5 3-HY-F4 3-HY-R4 

21 RNA6F3R3 3-HY-RNA6 3-HY-F3 3-HY-R3 

22 RNA6F3R4 3-HY-RNA6 3-HY-F3 3-HY-R4 

23 RNA6F4R3 3-HY-RNA6 3-HY-F4 3-HY-R3 

24 RNA6F4R4 3-HY-RNA6 3-HY-F4 3-HY-R4 

2.4. Method Validation, Specificity and 

Sensitivity Analysis 

Ten H. ligniperda samples were used for method validation. 

The recombinant plasmid was employed in sensitivity analy-
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sis, which was diluted into a series of concentrations ranging 

from 1.36×10
5
 copies/μL to 1.36×10

0
 copies/μL. Six related 

beetle species were collected for specificity analysis. 

RNase free ddH2O was adopted as the negative control. 

Three repetitions were set for each treatment. 

3. Result & Analysis 

3.1. Primer Selection 

IAP2 gene was highly diverse inter-species, while con-

served intra-species for H. ligniperda. Based on IAP2 gene 

sequence, 6 upstream and 6 downstream DNA primers along 

with 6 RNA probes were generated (Table 3). Each upstream 

primer was decorated with a T7 promoter. To obtain the most 

efficient combination of primers and probe, screening analy-

sis was conducted (Table 2). The lowest Ct with highest final 

fluorescence signal came from the combination of 3-HY-F3, 

3-HY-R2 and 3-HY-RNA5, which were selected as the final 

primer-probe set. 

 

Table 3. Primer list. 

Primer Sequence (5'-3') 

Upstream Primer 

3-HY-F1 AAGCTAATACGACTCACTATAGGGCAGACTCCAGACATACTGGCGCAAGCAG 

3-HY-F2 AAGCTAATACGACTCACTATAGGGCCAGACATACTGGCGCAAGCAGGATTTT 

3-HY-F3 AAGCTAATACGACTCACTATAGGGATACTGGCGCAAGCAGGATTTTACTATG 

3-HY-F4 AAGCTAATACGACTCACTATAGGGGCGCAAGCAGGATTTTACTATGAAGGTA 

3-HY-F5 AAGCTAATACGACTCACTATAGGGTCATTGGTTTACTCTATAGAGCCAAAGT 

3-HY-F6 AAGCTAATACGACTCACTATAGGGGTTTACTCTATAGAGCCAAAGTTTCACT 

Downstream primers 

3-HY-R1 CTAGTCCTAAAACAGTACTTTTCTTATT 

3-HY-R2 GATCGCCTAGTCCTAAAACAGTACTTTT 

3-HY-R3 GCACCTGATCGCCTAGTCCTAAAACAGT 

3-HY-R4 AACATCGCACCTGATCGCCTAGTCCTAA 

3-HY-R5 AATGGAAACATCGCACCTGATCGCCTAG 

3-HY-R6 CATCACAATGGAAACATCGCACCTGATC 

RNA probe 

3-HY-RNA1 FAM-UUGAGUAAAUCAAGGAAUUGUCCUGAAG-BHQ1 

3-HY-RNA2 FAM-GCUUGUUUGAGUAAAUCAAGGAAUUGUC-BHQ1 

3-HY-RNA3 FAM-UUCUGUGCUUGUUUGAGUAAAUCAAGGA-BHQ1 

3-HY-RNA4 FAM-GGGCAUUUCUGUGCUUGUUUGAGUAAAU-BHQ1 

3-HY-RNA5 FAM-AAAAUGGGGCAUUUCUGUGCUUGUUUGA-BHQ1 

3-HY-RNA6 FAM-GAGUUGAAAAUGGGGCAUUUCUGUGCUU-BHQ1 

Sequences with underlines are T7 promoter. 

 

3.2. Method Parameter Analysis 

Ten H. ligniperda samples were used in method validation 

and specificity test along with 6 related beetle species. Ac-

cording to the result (Figure 1), only H. ligniperda samples 

showed positive amplification curves with Ct below 20, 

which demonstrates that this new assay is highly specific and 

reliable. Six concentrations of recombinant plasmid solutions 

ranging from 1.36×10
5
 copies/μL to 1.36×10

0
 copies/μL were 

employed in method sensitivity test. All of the concentrations 

had positive amplification curves with Ct below 25 except the 

lowest degree (Figure 2). It means the detection limit is 13.6 

copies/μL (9×10
-7

 ng DNA/ reaction), much higher than 

commonly used molecular methods such as PCR. 

 

http://www.sciencepg.com/journal/aje


American Journal of Entomology http://www.sciencepg.com/journal/aje 

 

106 

 
Figure 1. Method validation and specificity analysis result. 

 
Figure 2. Sensitivity analysis result. 

4. Discussion 

As the building, furniture, packaging and other raw mate-

rials, wood demand in our country is growing extremely 

rapidly, leading to a huge domestic timber consumption [16]. 

A lack of forest resources, coupled with implementation of the 

sustainable development strategy makes the domestic timber 

supply fall behind the need largely [17]. The ever-increasing 

economic and trade links accelerate the migration of related 

alien species from one place to another globally. One step 

further, growing timber imports create opportunities for in-

vasion by alien wood pests. 

Being a major threat to pine forests, H. ligniperda takes 

advantage of nutrient deficiencies, mechanical injuries, dis-

eases and pest attack and finishes feeding on weakened pine 

trees. Through maturational feeding, they result in as high as 

10% mortality of young pine plantations [3]. This beetle can 

also be a vector for serious diseases such as blackstain root 

caused by Leptographium sp. [18]. H. ligniperda is an inva-

sive quarantine pest in China. With 10199 interceptions in 

ports from 2003 to 2016, it has been the second most fre-

quently intercepted plant pest in China [2]. Unfortunately, it 

has been reported that H. ligniperda recently invaded and 

established in some parts of Shandong Province, China [19]. 

Alien bark beetles are strong candidates for invasion. As bark 

beetles are usually wood-boring, they can escape from in-

spection via hiding under the bark and succeed in 

long-distance spread with wood cargoes [20]. International 

ports with large quantities of timber importation are one of the 

major sites with high invasion risks. To improve the efficacy 

of early detection and subsequent prevention, tight quarantine 

in ports, efficient inspection and monitoring, and a national 

surveillance program for invasive bark beetles are in urgent 

need. 

Researchers have applied the Matrix-assisted laser desorp-

tion/ionization time-of-flight mass spectrometry (MAL-

DI-TOF MS) technology in rapid identification of H. lig-

niperda, which do not rely on specialized entomological ex-

pertise [21]. This new method is logically based on protein 

profiles of specific species, and a reference spectra database 

of high quality needs to be constructed before application. The 

quality of protein fingerprint database is largely influenced by 

specimen site, protein stability, developmental period, and 

lysis solution. Because of poor stability of proteins in target 

species, the consistency and repeatability of this method need 

to be improved. 

In this study, a simple, time-effective and accurate classifi-
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cation method for H. ligniperda is established based on the 

EmDEA technique. Partial region from IAP2 gene was selected 

as the target and 6 primer/probe combinations were designed. 

Through selection test, the combination of 3-HY-F3, 3-HY-R2 

and 3-HY-RNA5 were chosen as the final primer-probe set, as 

it showed the lowest Ct with highest final fluorescence signal. 

Method validation and specificity test using beetle samples 

showed that this method is result reliable and specific. Through 

parameter analysis with positive plasmid, the detection limit 

was calculated to be 13.6 copies/μL (9×10
-7

 ng DNA/ reaction), 

much higher than conventional molecular methods such as 

PCR. The whole process including isothermal amplification, 

data analysis, and result output can be finished in 30 min, which 

is highly time-effective. Besides, the operation is simple and 

little training is needed for non-professionals. 

The application prospects of this new method include rapid 

screening for customs in ports, wild survey in non-lab situa-

tions and early warning system development. To prevent and 

control exotic invasive species, early detection and in-time 

warning is fundamental. The recognition of locations where 

invasion and colonization of exotic species is more probable, 

followed by an efficient trapping strategy, can significantly 

increase the chance of early detection. Based on this, timely 

countermeasures to eradicate or contain alien invasions can 

work efficiently. The EmDEA technology can further be 

implemented in rapid detection and identification of other 

forestry pests. 

5. Conclusion 

The booming economic communications accelerate the mi-

gration of alien pests from one site to another around the world. 

Increasing timber imports create opportunities for invasion by 

exotic wood beetles. The harmful red-haired pine bark beetle 

plays a role in transmission of several fungi such as L. wagneri 

causing blackstain root disease. Efficient on-site inspection and 

early detection should be confirmed in order to guarantee the 

safety of domestic ecosystem. In this study, a simple, fast and 

precise identification method for H. ligniperda is established 

based on the EmDEA technique. Partial region from inhibitor 

of apoptosis 2 (IAP2) gene was selected as the target and 6 

primer/probe combinations were designed. Through selection, 

the combination of 3-HY-F3, 3-HY-R2 and 3-HY-RNA5 was 

chosen as the final primer-probe set, as it showed the lowest Ct 

with highest final fluorescence signal. Method validation and 

specificity test using beetle samples showed that this method is 

result reliable and specific. Through parameter analysis with 

positive plasmid, the detection limit was calculated to be 13.6 

copies/μL (9×10
-7

 ng DNA/ reaction), much higher than con-

ventional molecular methods such as PCR. The whole process 

including isothermal amplification, data analysis, and result 

output can be finished in 30 min, which is highly time-effective. 

Besides, the operation is simple and little training is needed for 

non-professionals. This rapid screening system can be further 

applied in customs screening in ports, wild survey in non-lab 

situations and early warning system development. The new 

analysis platform EmDEA, can also be implemented in rapid 

detection and identification of other forestry pests, such as 

invasive ants and exotic insects. 
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