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RNA interference (RNAi) is a widely used technique for gene function researches and
recently pest controls. It had been applied in emerald ash borer (EAB Agrilus planipennis)
larvae and adults, and achieved significant interference effects, whether by ingesting or
microinjecting. Feeding in the phloem and cambial regions, the larvae of A. planipennis are
difficult to be controlled by conventional insecticides, so adult stage is the critical stage for
EAB control. However, the target genes of adult stage of A. planipennis need to be further
screened. Here, we preliminarily screened five potential target genes of vision and olfaction
for RNAi in A. planipennis. Three odorant binding proteins (OBPs) and three opsins, which
expressed significantly different between newly emerged and sexually mature EABs
(OBP5, OBP7, OBP10, LW opsin 1 and UV opsin 2) or highly in sexually mature male
EAB (UV opsin 3), were selected as targets to design primers for gene silencing. After
dsRNA injection, the gene expression levels were determined by real-time quantitative
PCR. We found that the expression levels of five genes were significantly down-regulated,
during the 4 days after dsRNA injection. Among these genes, the expression of LW opsin 1
was down-regulated the most, causing a reduction of 99.1% compared with the control
treated with EGFP dsRNA, followed by UV opsin 3 (97.4%), UV opsin 2 (97.0%), OBP7
(96.2%), and OBP10 (88.7%). This study provides a basis for further RNAi-based new
controlling method development of A. planipennis at adult stage.
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INTRODUCTION

The emerald ash borer, Agrilus planipennis (Coleoptera: Buprestidae) is an important native wood-
boring species in Asia (Wang et al., 2010), feeding ash trees (Fraxinus spp.). It was not reported as a
pest in Asia and eastern Russia since 2004 (Wei et al., 2004). Destruction occurred firstly in North
America, and now the damage to the introduced ash trees in China is also becoming more and more
serious (Wang et al., 2010). The larvae of A. planipennis feed in the phloem and cambial regions,
creating S-shaped galleries that disrupt the tree’s transport of nutrients and water, causing rapid
death after a series of attack about 2–4 years (Liu et al., 2003). It is difficult to control the larvae using
conventional insecticides, so adult stage is the critical stage for EAB control (Fan et al., 2021).
Chemical control is effective, but it also injures the natural enemies of A. planipennis and is
economically and ecologically unsustainable (Davidson and Rieske, 2016). Based on this situation,
new efficient and sustainable biological control technologies are urgently needed.

RNA interference (RNAi) is a widely used technique for gene function researches and recently
pest controls (Zhao et al., 2015). The entomological researchers have been trying to use RNAi
technology in different species of insects and resulted in some valuable evidences (Zhang et al., 2017;
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Niu et al., 2018; Zotti et al., 2018). Feeding insects with plants
which express dsRNA, the expression of target genes were
knockdown successfully in Diabrotica virgifera (Baum et al.,
2007), Helicoverpa armigera (Mao et al., 2007), Bemisia tabaci
(Tian et al., 2009), Myzus persicae (Pitino et al., 2011),
Leptinotarsa decemlineata (Jiang et al., 2015) and Manduca
sexta (Poreddy et al., 2017). Due to the high specificity and
efficiency of RNAi, more and more research groups tried to
develop new pest control methods based on this technology and
the latest research results showed that inhibiting the expression of
important genes in the growth and development process of
insects could cause growth and development disorders or
death of insects. Many relevant target genes were screened,
such as the inhibitor of apoptosis (IAP), vacuolar sorting
protein SNF7 (SNF7), and snakeskin (SSK) of Anoplophora
glabripennis (Dhandapani et al., 2020); the chitinase (Sf-CHI),
chitin synthase B (Sf-CHSB), sugar transporter SWEET1 (Sf-ST),
and hemolin (Sf-HEM) of Spodoptera frugiperda (Wan et al.,
2021); the leucine-rich repeat-containing (LGR2) of Hyphantria
cunea (Sun et al., 2021) and so on. All of above is the strong
evidence that RNAi can be used as a new method for pest
control.

It is necessary that an organism possesses the RNAi machinery
to silence a target gene (Zhao et al., 2015). Dicer enzymes,
argonaute endonucleases, and dsRNA-binding proteins are
three core components of RNAi machinery (Swevers et al.,
2013). These three components have been identified in the
genome sequence of A. planipennis (Zhao et al., 2015). Several
studies have also successfully applied RNAi to larvae and adults
A. planipennis, achieving significant interference effects, whether
by ingesting or microinjecting (Rodrigues et al., 2017; 2018). Also,
feeding neonates with dsRNAs that was specifically expressed in
E. coli successfully silenced related genes and caused mortality
(Leelesh and Rieske, 2020). Pampolini et al. (2020) found that
adult EABs experienced a significant knockdown of the shi gene
and beetles mortality, after feeding with tropical ash leaves which
were treated with dsSHI through petiole absorption. The above
studies indicate that A. planipennis is sensitive to dsRNA, which
can be triggered by exogenous dsRNA molecules to knock down
the target genes. However, effective adult RNAi target genes is
lack in A. planipennis since now.

Olfaction (Bartelt et al., 2007; Lelito et al., 2009; Mccullough
et al., 2009; Pureswaran and Poland, 2009) plays an important
role in EAB host location andmating. These behaviors depend on
insects’ perception of various chemical signals (Wang et al.,
2020). As the main peripheral olfactory proteins, odorant
binding proteins (OBPs) play a key role in insect olfactory
system (Wang et al., 2020). Therefore, it is feasible to screen
OBPs as targets for RNAi of A. planipennis, and some progress
have beenmade in the identification of EABOBPs. Five OBPs and
one chemosensory proteins (CSPs) were identified from 16,000
expression sequence tags generated from the antennae and legs of
male and female EABs in 2012 (Qazi et al., 2012). Based on the
antennal transcriptome, identified nine OBPs in A. planipennis.
Andersson et al (2019) identified twelve OBPs based on the newly
analyzed genome of A. planipennis. While we found six new
OBPs in our transcriptome assembly (Shen et al., 2021), further

improving the data integrity of olfactory related genes
identification of EAB.

Vision is important during food searching, mating, and
predators avoiding of insect (Endler and Mappes, 2004; Lelito
et al., 2007; Lelito et al., 2008; Everett et al., 2012), and it is
supported by visual pigment molecules which contain a
chromophore and a seven transmembrane opsin (Shichida and
Imai, 1998). The spectral sensitivity of photoreceptors is
determined by the amino acid sequences of opsin and
chromophore (Terakita, 2005). As an important protein in the
complex visual system, opsin is an important photosensitive
substance widely existing in insects (Porter et al., 2012;
Roberto et al., 2016). So opsins are suitable RNAi targets for
insect control and EAB opsin researches have made some
progress at present. Lord et al (2016) identified two UV
opsins, two LW opsins copies and a partial third LWS opsin
copy in the male EAB, and we identified three UV opsins, one UV
opsin-like gene, two Green opsins, and two LW opsins in our
transcriptome assembly (Shen et al., 2021). Identification of
important visual and olfactory genes and the application of
RNAi in A. planipennis makes target genes explore feasible in
adult EABs. In this study, we designed primers of the identified
olfactory and visual genes to synthesize dsRNA for RNAi, the
interference effects of them were tested by quantitative real-time
PCR. Finally, we preliminarily screened five potential target genes
of visual and olfactory for RNAi in adult A. planipennis. Our
results provide a basis for further olfactory and visual mechanism
researches of A. planipennis, and the primers may be used in
RNAi-based control of this pest.

MATERIALS AND METHODS

Insects
A. planipennis were collected from the Tongzhou district of
Beijing and Chengde, Hebei, China during May and June
2021. Adults were reared in the ventilated plastic boxes with
evergreen ash (Fraxinus uhdei) foliage in a vial of water for
feeding (Zhao et al., 2015), maintained in the laboratory at 26°C ±
2°C, with 25% ± 5% relative humidity and under a 14:10 h light/
dark photoperiod. Collected adults were reared overnight in the
laboratory, and then the healthy beetles were selected for the
injection experiment.

Double-Stranded RNA Synthesis
Candidate genes were selected based on our previous work (Shen
et al., 2021), the selected candidates were expressed significantly
different between newly emerged and sexually mature A.
planipennis (OBP5, OBP7, OBP10, LW opsin 1 and UV opsin
2) or highly expressed in sexually mature A. planipennis (UV
opsin 3). The control consisted injections of dsEGFP (dsRNA
against green fluorescent protein), H2O and nontreated. Double-
stranded RNA (dsRNA) was synthesized by using T7 RNA
polymerase and gene-specific primers. The primers were
designed with a T7 polymerase promoter sequence (TAATAC
GACTCACTATAGG) at the 5’ end (Supplementary Table S1)
to generate PCR templates for in vitro transcription of dsRNA.
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PCR conditions were 94°C for 2min, followed by 35 cycles of 94°C
for 30 s, 55°C for 30 s and 72°C for 1 min, finishing with an
extension step at 72°C for 10 min. The PCR templates were
purified using a universal DNA Purification Kit (Tiangen,
Beijing, China). After purification, dsRNA was synthesized and
purified using the T7 RiboMAX™ Express RNAi System
(Promega, United States) following instructions provided. The
synthesized dsRNA was then quantified using NanoDrop ND-
2000 (Thermo Scientific, Wilmington, DE, United States), and its
quality was examined by agarose gel electrophoresis. The final
concentration of dsRNA was diluted to 2 μg/μl.

Microinjection of dsRNA
Healthy adults A. planipennis of similar size were selected and
placed in Petri dishes. 1.5 µl dsRNA was injected into the
internode membrane between the first and second abdominal
segments, using the microinjector (Hamilton, United States). The
injected adults were reared again in the plastic boxes at 26°C ± 2°C
in the laboratory. Samples were collected at 6 hours, 1, 2, 3 and
4 days after injection and immediately frozen in liquid nitrogen
and stored at -80°C. Four biological replications were prepared for
each sample.

Total RNA Isolation and First-Strand cDNA
Synthesis
Trizol reagent (Invitrogen, Carlsbad, CA, United States) was used
to extract the total RNA of a single dsRNA-injected or control
beetles following the manufacturer’s instructions (Zhang et al.,
2014). The concentration of RNA was measured by NanoDrop
ND-2000 and the quality was assessed by agarose gel
electrophoresis. The final concentration of total RNA was
diluted to 1 μg/μl.

The first strand cDNA was synthesized using a GoScript™
Reverse Transcription System (Promega, United States) with 4 µg
total RNA following the provided instructions. The concentration
of cDNA was measured by NanoDrop ND-2000 and the quality
was assessed by agarose gel electrophoresis. The final
concentration of cDNA was diluted to 40 ng/μl before gene
expression quantification.

Quantitative Real-Time PCR
Resulted cDNA above was used as template for qPCR. Primer
Premier 5.0 software was used to designed primer pairs
(Supplementary Table S2), and the parameters were set as
20bp±1bp in length, melting temperature (Tm) of 50–60°C
and a product size of 150–250 bp (Priya et al., 2012). 20µl
PCR system were mixed following the SuperReal PreMix Plus
(Tiangen, Beijing, China) introductions, contained 10 µl
2×SuperReal PreMix Plus, 0.6 µl of each primer (10 mM), 1 µl
cDNA and 7.8 µl RNase-free ddH2O. Reaction protocols were one
cycle at 95°C (3 min), followed by 40 cycles of denaturation at
95 C (5s), annealing and extension at 60 C for 30 s, running in
CFX96 Touch Real-Time PCR Detection System (Bio-Rad,
Hercules, CA). A melting curve was generated from 65 to
95°C after each qPCR reaction, confirming the single peak and
there was no primer-dimer or non-specific product. The TEF-1α

(Priya et al., 2012) was selected as the internal control and the
relative expression level of each gene was calculated by the 2−ΔΔCT

method. Each sample had four biological replicates and three
technical replicates.

Statistical Analysis
Statistical tests were performed using GraphPad Prism. We used
ANOVA/LSD method to analyze differences among different
treatments. The level of significance of difference was set at p <
0.05 and a, b, c, d were used to indicate significant differences.

RESULTS

dsRNA ofA. planipennisSynthesized in vitro
DsRNA of each gene, examined by agarose gel electrophoresis,
showed integrity and the expected size (Supplementary Figure
S1). The amplicon size was of 678 bp for dsEGFP, 314 bp for
dsOBP10, 311 bp for dsOBP7, 350 bp for dsOBP5, 321 bp for
dsLW1, 440 bp for dsUV2, 287 bp for dsUV3.

Specificity Detection of qPCR Primers
PCR amplification of each pair of qPCR primers resulted single
amplicon with desired size on 1.0% agarose gel (Supplementary
Figure S2). The fluorescence PCR fusion curves indicate that all
genes are single-peak and without heterobands, which prove the
specificity of the designed primers (Supplementary Figure S3).

Analysis of RNAi Effect
To assess the RNAi effect on candidate genes, expression analysis
were performed at 6 hours, 1, 2, 3 and 4 days after dsRNA
injection, using TEF-1α as internal control. DsRNA injections
of both olfactory (except for OBP5) and visual genes resulted in

FIGURE 1 | Relative expression of OBP10 in EAB adults after dsRNA
injection. Relative expression of OBP10 by RT-qPCR assay was evaluated 6
hours, 1, 2, 3 and 4 days after injecting 3 µg dsRNA. TEF-1α was used as a
reference gene for normalization. Means ± SE (n = 4) are shown.
Statistical analyses were performed using ANOVA/LSDmethod at p < 0.05 for
comparison among treatments. Statistical differences are shown by different
letters between different treatments at the same time point.
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some degree of down-regulation comparing with expression in
control beetles (EGFP dsRNA controls).

Two of the three olfactory genes were significantly down-
regulated after dsRNA injection. Two days after injection, the
relative expression level of OBP10 significantly decreased. The
lowest relative expression level of OBP10 mRNA appeared at
4 days post-injection and the expression level was reduced by

88.7%, compared to dsEGFP-treated beetles (Figure 1). Similar
degree of expression suppression happened in dsOBP7-treated
beetles. At 4 days post-injection, injection of dsOBP7 in adult
beetles resulted in significant silencing of nearly 96.2% when
compared with expression in dsEGFP-treated beetles
(Figure 2). At 6 h post-injection, a significantly elevated
expression was observed for OBP5 comparing to control
EGFP dsRNA. From day 1, the expression level of OBP5
returned to normal and continued until day 4, with no

FIGURE 2 | Relative expression of OBP7 in EAB adults after dsRNA
injection. Relative expression of OBP7 by RT-qPCR assay was evaluated 6h,
1, 2, 3 and 4 days after injecting 3 µg dsRNA. TEF-1αwas used as a reference
gene for normalization. Means ± SE (n = 4) are shown. Statistical
analyses were performed using ANOVA/LSD method at p < 0.05 for
comparison among treatments. Statistical differences are shown by different
letters between different treatments at the same time point.

FIGURE 3 | Relative expression of OBP5 in EAB adults after dsRNA
injection. Relative expression of OBP5 by RT-qPCR assay was evaluated 6h,
1, 2, 3 and 4 days after injecting 3 µg dsRNA. TEF-1αwas used as a reference
gene for normalization. Means ± SE (n = 4) are shown. Statistical
analyses were performed using ANOVA/LSD method at p < 0.05 for
comparison among treatments. Statistical differences are shown by different
letters between different treatments at the same time point.

FIGURE 4 |Relative expression of LWopsin 1 in EAB adults after dsRNA
injection. Relative expression of LW opsin 1 by RT-qPCR assay was evaluated
6 hours, 1, 2, 3 and 4 days after injecting 3 µg dsRNA. TEF-1α was used as a
reference gene for normalization. Means ± SE (n = 4) are shown.
Statistical analyses were performed using ANOVA/LSDmethod at p < 0.05 for
comparison among treatments. Statistical differences are shown by different
letters between different treatments at the same time point.

FIGURE 5 | Relative expression UV opsin 2 in EAB adults after dsRNA
injection. Relative expression of UV opsin 2 by RT-qPCR assay was evaluated
6 hours, 1, 2, 3 and 4 days after injecting 3 µg dsRNA. TEF-1α was used as a
reference gene for normalization. Means ± SE (n = 4) are shown.
Statistical analyses were performed using ANOVA/LSDmethod at p < 0.05 for
comparison among treatments. Statistical differences are shown by different
letters between different treatments at the same time point.
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significant difference comparing with the expression level in
dsEGFP-treated beetles (Figure 3).

The visual genes have slightly higher knockdown rates than
the olfactory genes. The expression of these genes were not
significantly reduced at 6 hours and 1 day after injection of
the dsRNAs comparing to dsEGFP-treated beetles (Figures
4–6). Two days after injection, significant gene knockdown
was observed in beetles injected with LW opsin 1 and UV
opsin 3 dsRNA (dsLW1 and dsUV3) (Figures 4, 6) comparing
to dsEGFP-treated beetles. Among these genes, the expression of
dsLW1-treated beetles was down-regulated the most, causing a
reduction of 99.1% comparing with the dsEGFP-treated beetles
(Figure 4). The expression of UV2 did not reduce significantly
until the third day after injection, and fell by 97.0% at 4 days post-
injection (Figure 5). Compared with EGFP controls, the
expression of UV3 was significantly reduced by more than a
half at 2 days post-injection, reaching 97.4% on day 4 (Figure 6).

DISCUSSION

The emerald ash borer is an important pest of Fraxinus spp. that
has caused huge economic losses in China. Since most of its life
cycle is hidden under the bark of host and only appears outside
the bark about 1 month during the adult stage, it is difficult to be
controlled (Wang et al., 2010). Currently, physical (Crook et al.,
2009; Poland and Mccullough, 2014; Ryall et al., 2015), chemical
(Nicole et al., 2010; Mccullough et al., 2016; Poland et al., 2016)
and biological (Duan et al., 2020) methods are mainly used to
control A. planipennis. All these methods are useful, but there are
still some shortcomings. As a new molecular biological
technology, RNAi has been applied in some insects of
coleoptera (Ke et al., 2018; Haller et al., 2019; Pinheiro et al.,
2020). In this study, five effective primers of visual and olfactory

target genes for RNAi of EAB were designed, providing a basis for
RNAi-based new controlling method development of A.
planipennis at adult stage.

The results of qPCR showed that the interference effect of the
visual genes in EAB were very obvious. Four days after dsLW1
treatment resulted a knockdown of nearly 100% mRNA
(Figure 4). Similar degrees of gene suppression in other two
visual genes (Figures 5, 6) and OBP7 (Figure 2) were observed.
The knockdown rate of OBP10 was slightly lower than other
genes, but also reached 88.7% (Figure 1). The results indicated
that the expression levels of candidate genes after RNAi were
significantly down-regulated and the knockdown rates were high,
which means we preliminarily screened five potential target genes
of vision and olfaction for RNAi in A. planipennis at adult stage.

The suppressed expression of a specific OBP often show
altered behavioral responses to more than one odorants
(Swarup et al., 2011). For example, the sensitivity to the EO
(essential oil) of Tribolium castaneum had decreased after
TcOBPC11 knockdown and caused a higher mortality, which
suggested that this OBP gene was related to defense of the beetles
against EO (Zhang et al., 2020). Similarly, responses to specific
odors are often the result of multiple OBP expressions (Swarup
et al., 2011). When BodoOBP1 and BodoOBP2 in males of
Bradysia odoriphaga were knocked down, their ability to
search females was significantly reduced comparing to control
(Bowen et al., 2019). RNAi of OBP7 and OBP10 may also lead to
significant physiological changes in EABs, and this deserved
further investigation in our future work.

Opsin silencing related work in insects are relatively fewer
(French et al., 2015). Injecting the dsRNAs of opsin-Long Wave
(opLW) into compound eyes of Gryllus bimaculatus led to photic
entrainability losing, and suggested that opLW is the major
photoreceptor molecule for photic entrainment of the cricket’s
circadian clock (Komada et al., 2015). A few studies related to the
interference of insect opsins showing that, except for the quantity
of dsRNA injected, the gene silencing effect also seems to depend
on the circadian state of the visual system (Leboulle et al., 2013).
We need to take into account of this factor in the application
research of visual interference in the future. Several work that
evaluating colors traps for A. planipennis have yielded similar
results that A. planipennis is sensitive to purple and green traps
(Francese et al., 2010; Poland and Mccullough, 2014; Petrice and
Haack, 2015). Whether opsins knockdown can affect the color
sensitivity of A. planipennis is unknown, and no related research
on coleoptera pests were performed as we know. However, the
down-regulated visual gene reduced the preference response of
pests to green, which was verified in the interference experiment
of Bactrocera minax (Wang et al., 2018). It will be our main
research content in the future to verify the effect of visual gene
interference using colored sticky cards.

Currently, most of the RNAi experiments on EAB were
applied on the larval stage, focusing on growth and
development genes. Feeding IAP or COP (COPI coatomer, β
subunit) dsRNA to neonate EAB larvae could silence their target
genes and caused mortality (Rodrigues et al., 2017). Rodrigues
et al also screened two efficient target genes, hsp (heat shock 70-
kDa protein cognate 3) and shi (shibire), both in larvae and

FIGURE 6 | Relative expression ofUV opsin 3 in EAB adults after dsRNA
injection. Relative expression of UV opsin 3 by RT-qPCR assay was evaluated
6 hours, 1, 2, 3 and 4 days after injecting 3 µg dsRNA. TEF-1α was used as a
reference gene for normalization. Means ± SE (n = 4) are shown.
Statistical analyses were performed using ANOVA/LSDmethod at p < 0.05 for
comparison among treatments. Statistical differences are shown by different
letters between different treatments at the same time point.
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adults. The knockdown of these two gene could cause up to 90%
mortality (Rodrigues et al., 2018). However, RNAi targets suitable
for adult A. planipennis are still rare now. Behavioral experiments
on vision and olfaction in A. planipennis proved their importance
at adult stage (Lelito et al., 2008; Mccullough et al., 2009;
Pureswaran and Poland, 2009). Thus, we screened five RNAi
target genes aiming at these two sensory system of adult EABs in
this work. Although selection of appropriate target genes is key to
successful gene silencing (Leelesh and Rieske, 2020), it is only the
first step for further applications, and there is still a lot of work to
be done.

In the future, we will conduct physiological and behavioral
experiments to verify the interference effect of the preliminarily
screened genes. Gas chromatographic-electroantennographic
detection (GC-EAD) will be used to measure the effects of
gene interference by comparing the responses of the treatment
and control groups to odors (Ngumbi et al., 2009). The visual
ability of the beetles after interference will be measured by colored
sticky cards (green or purple) (Francese et al., 2013).

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

ZF performed the laboratory experiments, analyzed the data, and
drafted the manuscript. ZZ revised the manuscript. XZ helped
with the experimental techniques. XK and FL helped with insect
feeding. SZ designed the experiments and revised the manuscript.

FUNDING

This research was funded by the Fundamental Research Funds of
CAF (grant number CAFYBB2020QC001) and the National Key
Research and Development Program of China (grant number
2018YFC1200400).

ACKNOWLEDGMENTS

We acknowledge the help from Yanlong Zhang and Ke Wei for
their support during sample collection.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fgene.2022.835324/
full#supplementary-material

Supplementary Table S1 | Primers used for dsRNA synthesis.

Supplementary Table S2 | Primers used for qPCR.

Supplementary Figure S1 | Integrity of dsRNAs of candidate genes and dsEGFP
synthesized in vitro by agarose gel analysis. M: DNA 2K marker; 1: dsEGFP; 2:
dsOBP10; 3: dsOBP7; 4: dsOBP5; 5: dsLW1; 6: dsUV2; 7: dsUV3.

Supplementary Figure S2 | Agarose gel analysis of PCR products of candidate
genes and reference gene (TEF-1α). M: DNA 2K marker; 1: OBP10; 2: OBP7; 3:
OBP5; 4: LW opsin 1; 5: UV opsin 2; 6: UV opsin 3; 7: TEF-1α.

Supplementary Figure S3 | Dissociation curves of candidate genes during qPCR
reaction.

Supplementary Figure S4 |Original gel of dsRNAs of candidate genes and dsEGFP
synthesized in vitro.

Supplementary Figure S5 | Original gel of PCR products of candidate genes and
reference gene (TEF-1α).

REFERENCES

Andersson, M. N., Keeling, C. I., and Mitchell, R. F. (2019). Genomic Content of
Chemosensory Genes Correlates with Host Range in wood-boring Beetles
(Dendroctonus Ponderosae, Agrilus Planipennis, and Anoplophora
Glabripennis). BMC Genomics 20. 690, doi:10.21203/rs.2.11535/v2

Bartelt, R. J., Cossé, A. A., Zilkowski, B.W., and Fraser, I. (2007). Antennally Active
Macrolide from the Emerald Ash Borer Agrilus Planipennis Emitted
Predominantly by Females. J. Chem. Ecol. 33 (7), 1299–1302. doi:10.1007/
s10886-007-9316-z

Baum, J. A., Bogaert, T., Clinton, W., Heck., G. R., Feldmann, P., Ilagan, O., et al.
(2007). Control of Coleopteran Insect Pests through RNA Interference. Nat.
Biotechnol. 25, 1322–1326. doi:10.1038/nbt1359

Crook, D. J., Francese, J. A., Zylstra, K. E., Fraser, I., Sawyer, A. J., Bartels, D.
W., et al. (2009). Laboratory and Field Response of the Emerald Ash
Borer (Coleoptera: Buprestidae), to Selected Regions of the
Electromagnetic Spectrum. J. Econ. Entomol. 102 (6), 2160–2169.
doi:10.1603/029.102.0620

Davidson, W., and Rieske, L. K. (2016). Establishment of Classical Biological
Control Targeting Emerald Ash Borer Is Facilitated by Use of Insecticides, with
Little Effect on Native Arthropod Communities. Biol. Control. 101, 78–86.
doi:10.1016/j.biocontrol.2016.06.010

Dhandapani, R. K., Duan, J. J., and Palli, S. R. (2020). Orally Delivered dsRNA
Induces Knockdown of Target Genes and Mortality in the Asian Long-horned

Beetle, Anoplophora Glabripennis. Arch. Insect Biochem. Physiol. 104. e21679
doi:10.1002/arch.21679

Duan, J. J., Bauer, L. S., Van Driesche, R., Schmude, J. M., Petrice, T., Chandler, J. L.,
et al. (2020). Effects of Extreme Low winter Temperatures on the Overwintering
Survival of the Introduced Larval Parasitoids Spathius Galinae and Tetrastichus
Planipennisi: Implications for Biological Control of Emerald Ash Borer in north
America. J. Econ. Entomol. 113 (3), 1145–1151. doi:10.1093/jee/toaa048

Endler, J. A., and Mappes, J. (2004). Predator Mixes and the Conspicuousness of
Aposematic Signals. The Am. Naturalist 163 (4), 532–547. doi:10.1086/382662

Everett, A., Tong, X., Briscoe, A. D., and Monteiro, A. (2012). Phenotypic Plasticity
in Opsin Expression in a Butterfly Compound Eye Complements Sex Role
Reversal. BMC Evol. Biol. 12 (1), 232. doi:10.1186/1471-2148-12-232

Fan, Z. Z., Zhang, Z., and Zhang, S. F. (2021). A Review of Study on Olfaction and
Vision ofAgrilus Planipennis Fairmaire. For. Res. 34 (4), 166–174. doi:10.13275/
j.cnki.lykxyj.2021.04.020

Francese, J. A., Crook, D. J., Fraser, I., Lance, D. R., Sawyer, A. J., and Mastro, V. C.
(2010). Optimization of Trap Color for Emerald Ash Borer (Coleoptera:
Buprestidae). J. Econ. Entomol. 103 (4), 1235–1241. doi:10.1603/ec10088

Francese, J. A., Rietz, M. L., and Mastro, V. C. (2013). Optimization of Multifunnel
Traps for Emerald Ash Borer (Coleoptera: Buprestidae): Influence of Size, Trap
Coating, and Color. J Econ. Entomol. 106 (6), 2415–2423. doi:10.1603/EC13014

French, A. S., Meisner, S., Liu, H., Weckström, M., and Torkkeli, P. H. (2015).
Transcriptome Analysis and RNA Interference of Cockroach
Phototransduction Indicate Three Opsins and Suggest a Major Role for
TRPL Channels. Front. Physiol. 6, 207. doi:10.3389/fphys.2015.00207

Frontiers in Genetics | www.frontiersin.org February 2022 | Volume 13 | Article 8353246

Fan et al. Five RNAi Targets of A. planipennis

https://www.frontiersin.org/articles/10.3389/fgene.2022.835324/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2022.835324/full#supplementary-material
https://doi.org/10.21203/rs.2.11535/v2
https://doi.org/10.1007/s10886-007-9316-z
https://doi.org/10.1007/s10886-007-9316-z
https://doi.org/10.1038/nbt1359
https://doi.org/10.1603/029.102.0620
https://doi.org/10.1016/j.biocontrol.2016.06.010
https://doi.org/10.1002/arch.21679
https://doi.org/10.1093/jee/toaa048
https://doi.org/10.1086/382662
https://doi.org/10.1186/1471-2148-12-232
https://doi.org/10.13275/j.cnki.lykxyj.2021.04.020
https://doi.org/10.13275/j.cnki.lykxyj.2021.04.020
https://doi.org/10.1603/ec10088
https://doi.org/10.1603/EC13014
https://doi.org/10.3389/fphys.2015.00207
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles


Haller, S., Widmer, F., Siegfried, B. D., Zhuo, X., and Romeis, J. (2019). Responses
of Two Ladybird Beetle Species (Coleoptera: Coccinellidae) to Dietary RNAi.
Pest Manag. Sci. 75, 2652–2662. doi:10.1002/ps.5370

Komada, S., Kamae, Y., Koyanagi, M., Tatewaki, K., Hassaneen, E., Saifullah, A.,
et al. (2015). Green-sensitive Opsin Is the Photoreceptor for Photic
Entrainment of an Insect Circadian Clock. Zoolog. Lett 1, 11. doi:10.1186/
s40851-015-0011-6

Leboulle, G., Niggebrügge., C., Roessler, R., Briscoe., A. D., Menzel, R., and Hempel
de Ibarra, N. (2013). Characterisation of the RNA Interference Response against
the Long-Wavelength Receptor of the Honeybee. Insect Biochem. Mol. Biol. 43
(10), 959–969. doi:10.1016/j.ibmb.2013.07.006

Leelesh, R. S., and Rieske, L. K. (2020). Oral Ingestion of Bacterially Expressed
dsRNA Can Silence Genes and Cause Mortality in a Highly Invasive, Tree-
Killing Pest, the Emerald Ash Borer. Insects 11 (7), 440. doi:10.3390/
insects11070440

Lelito, J. P., Böröczky, K., Jones, T. H., Fraser, I., Mastro, V. C., Tumlinson, J. H.,
et al. (2009). Behavioral Evidence for a Contact Sex Pheromone Component of
the Emerald Ash Borer, Agrilus Planipennis Fairmaire. J. Chem. Ecol. 35 (1),
104–110. doi:10.1007/s10886-008-9583-3

Lelito, J. P., Fraser, I., Mastro, V. C., Tumlinson, J. H., and Baker, T. C. (2008).
Novel Visual-Cue-Based Sticky Traps for Monitoring of Emerald Ash
borers,Agrilus planipennis(Col., Buprestidae). J. Appl. Entomol. 132 (8),
668–674. doi:10.1111/j.1439-0418.2008.01308.x

Lelito, J. P., Fraser, I., Mastro, V. C., Tumlinson, J. H., Böröczky., K., and Baker, T.
C. (2007). Visually Mediated ’paratrooper Copulations’ in the Mating Behavior
of Agrilus Planipennis (Coleoptera: Buprestidae), a Highly Destructive Invasive
Pest of North American Ash Trees. J. Insect Behav. 20 (6), 537–552. doi:10.
1109/JOE.2003.82331210.1007/s10905-007-9097-9

Liu, H., Bauer, L. S., Gao, R., Zhao, T., and Haack, R. A. (2003). Exploratory Survey
for the Emerald Ash Borer, Agrilus Planipennis (Coleoptera: Buprestidae), and
its Natural Enemies in China. Great Lakes Entomologist 36 (3), 191–204.

Lord, N. P., Plimpton, R. L., Sharkey, C. R., Suvorov, A., Lelito, J. P., Willardson, B.
M., et al. (2016). A Cure for the Blues: Opsin Duplication and
Subfunctionalization for Short-Wavelength Sensitivity in Jewel Beetles
(Coleoptera: Buprestidae). BMC Evol. Biol. 16 (1), 107. doi:10.1186/s12862-
016-0674-4

Mamidala, P., Wijeratne, A. J., Wijeratne, S., Poland, T., Qazi, S. S., and Doucet, D.
(2013). Identification of Odor-Processing Genes in the Emerald Ash Borer,
Agrilus Planipennis. Plos One 8 (2), e56555. doi:10.1371/journal.pone.0056555

Mao, Y.-B., Cai, W.-J., Wang, J.-W., Hong, G.-J., Tao, X.-Y., Wang, L.-J., et al.
(2007). Silencing a Cotton Bollworm P450 Monooxygenase Gene by Plant-
Mediated RNAi Impairs Larval Tolerance of Gossypol. Nat. Biotechnol. 25,
1307–1313. doi:10.1038/nbt1352

Mccullough, D. G., Poland, T. M., and Cappaert, D. (2009). Attraction of the
Emerald Ash Borer to Ash Trees Stressed by Girdling, Herbicide Treatment, or
Wounding. Can. J. For. Res. 39 (7), 1331–1345. doi:10.1139/X09-057

Mccullough, D. G., Poland, T. M., and Lewis, P. A. (2016). Lethal Trap Trees: a
Potential Option for Emerald Ash Borer (Agrilus Planipennis Fairmaire)
Management. Pest Manag. Sci. 72 (5), 1023–1030. doi:10.1002/ps.4083

McKenzie, N., Helson, B., Thompson, D., Otis, G., McFarlane, J., Buscarini, T., et al.
(2010). Azadirachtin: an Effective Systemic Insecticide for Control of Agrilus
Planipennis (Coleoptera: Buprestidae). J. Econ. Entomol. 103 (3), 708–717.
doi:10.1603/EC09305

Ngumbi, E., Chen, L., and Fadamiro, H. Y. (2009). Comparative GC-EAD
Responses of a Specialist (Microplitis Croceipes) and a Generalist (Cotesia
Marginiventris) Parasitoid to Cotton Volatiles Induced by Two Caterpillar
Species. J. Chem. Ecol. 35 (9), 1009–1020. doi:10.1007/s10886-009-9700-y

Niu, J., Shen, G., Christiaens, O., Smagghe, G., He, L., and Wang, J. (2018). Beyond
Insects: Current Status and Achievements of RNA Interference in Mite Pests
and Future Perspectives. Pest Manag. Sci. 74 (12), 2680–2687. doi:10.1002/ps.
5071

Pampolini, F., Rodrigues, T. B., Leelesh, R. S., Kawashima, T., and Rieske, L. K.
(2020). Confocal Microscopy Provides Visual Evidence and Confirms the
Feasibility of dsRNA Delivery to Emerald Ash Borer through Plant Tissues.
J. Pest Sci. 93, 1143–1153. doi:10.1007/s10340-020-01230-w

Petrice, T. R., and Haack, R. A. (2015). Comparison of Different Trap Colors and
Types for Capturing Adult Agrilus (Coleoptera: Buprestidae) and Other
Buprestids. Great Lakes Entomologist 46 (1-2), 45–66.doi:10.1093/jisesa/iew098

Pinheiro, D. H., Taylor, C. E., Wu, K., and Siegfried, B. D. (2020). Delivery of Gene-
specific dsRNA by Microinjection and Feeding Induces RNAi Response in Sri
Lanka Weevil, Myllocerus Undecimpustulatus Undatus Marshall. Pest Manag.
Sci. 76 (3). 936–943. doi:10.1002/ps.5601

Pitino, M., Coleman, A. D., Maffei, M. E., Ridout, C. J., Hogenhout, S. A., and
Wilson., A. C. C. (2011). Silencing of Aphid Genes by dsRNA Feeding from
Plants. Plos One 6 (10), e25709. doi:10.1371/journal.pone.0025709

Poland, T. M., Ciaramitaro, T. M., and Mccullough, D. G. (2016). Laboratory
Evaluation of the Toxicity of Systemic Insecticides to Emerald Ash Borer
Larvae. J. Econ. Entomol. 109 (2), 705–716. doi:10.1093/jee/tov381

Poland, T. M., and Mccullough, D. G. (2014). Comparison of Trap Types and
Colors for Capturing Emerald Ash Borer Adults at Different Population
Densities. Environ. Entomol. 43 (1), 157–170. doi:10.1603/EN13137

Poreddy, S., Li, J., and Baldwin, I. T. (2017). Plant-mediated RNAi Silences Midgut-
Expressed Genes in Congeneric Lepidopteran Insects in Nature. Bmc Plant Biol.
17 (1), 199. doi:10.1186/s12870-017-1149-5

Porter, M. L., Blastic, J. R., Bok, M. J., Cameron, E. G., Pringle, T., Cronin, T. W.,
et al. (2012). Shedding New Light on Opsin Evolution. Proceeding Biol. Sci. 279
(1726), 3–14. doi:10.1098/rspb.2011.1819

Priya, S., Praveen, R., Omprakash, M., and Mittapalli, O. (2012). Validation of
Reference Genes for Gene Expression Studies in the Emerald Ash Borer (Agrilus
Planipennis). Insect Sci. 19 (1), 41–46. doi:10.1111/j.1744-7917.2011.01447.x

Pureswaran, D. S., and Poland, T. M. (2009). The Role of Olfactory Cues in Short-
Range Mate Finding by the Emerald Ash Borer, Agrilus Planipennis Fairmaire
(Coleoptera: Buprestidae). J. Insect Behav. 22 (3), 205–216. doi:10.1007/s10905-
008-9166-8

Qazi, S., Bowman, S., Beliveau, C., Cusson, M., and Doucet, D. (2012). “Sensory
Genomics of the Emerald Ash Borer: Characterization of the Odorant Binding
Proteins and Receptors.” Abstract retrieved from International Plant and
Animal Genome Conference, San Deigo, CA, January 14-18.

Roberto, F., Marlétaz, F., Bentley, M. A., and Holland, P. W. H. (2016).
Conservation, Duplication and Divergence of Five Opsin Genes in Insect
Evolution. Genome Biol. Evol. 8 (3), 579–587. doi:10.1093/gbe/evw015

Rodrigues, T. B., Duan, J. J., Palli, S. R., and Rieske, L. K. (2018). Identification of
Highly Effective Target Genes for RNAi-Mediated Control of Emerald Ash
Borer, Agrilus Planipennis. Scientific Rep. 8 (1), 5020. doi:10.1038/s41598-018-
23216-6

Rodrigues, T. B., Rieske, L. K., Jian, J. D., Mogilicherla, K., and Palli, S. R. (2017).
Development of RNAi Method for Screening Candidate Genes to Control
Emerald Ash Borer, Agrilus Planipennis. Scientific Rep. 7 (1). doi:10.1038/
s41598-017-07605-x

Ryall, K. L., Silk, P. J., Fidgen, J., Mayo, P., Lavallee, R., Guertin, C., et al. (2015).
Effects of Pheromone Release Rate and Trap Placement on Trapping of Agrilus
Planipennis (Coleoptera: Buprestidae) in Canada. Environ. Entomol. 44 (3),
734–745. doi:10.1093/ee/nvv048

Shen, S., Fan, Z., Zhang, X., Kong, X., Liu, F., Zhang, Z., et al. (2021). The
Characteristics of Chemosensory and Opsin Genes in Newly Emerged and
Sexually Mature Agrilus Planipennis, an Important Quarantine forest Beetle.
Front. Genet. 11, 604757. doi:10.3389/fgene.2020.604757

Shichida, Y., and Imai, H. (1998). Visual Pigment: G-Protein-Coupled Receptor for
Light Signals. Cell Mol. Life Sci. CMLS 54 (12), 1299–1315. doi:10.1007/
s000180050256

Sun, L. L., Zhang, C. S., Yan, L. Q., Wang, X. Q., Wang, Z. Y., and Cao, C. W.
(2021). Bursicon Receptor Gene Hlgr2 as a Potential RNA Interference Target
for Control of the Fall Webworm Hyphantria cunea. Pest Manag. Sci. doi:10.
1002/ps.6767 (in press).

Swarup, S., Williams, T. I., and Anholt, R. (2011). Functional Dissection of Odorant
Binding Protein Genes in Drosophila melanogaster. Genes, Brain Behav. 10 (6),
648–657. doi:10.1111/j.1601-183X.2011.00704.x

Swevers, L., Huvenne, H., Menschaert, G., Kontogiannatos, D., Kourti, A., Pauchet,
Y., et al. (2013). Colorado Potato Beetle (Coleoptera) Gut Transcriptome
Analysis: Expression of RNA Interference-Related Genes. Insect Mol. Biol.
22 (6), 668–684. doi:10.1111/imb.12054

Tang, B., Tai, S., Dai, W., and Zhang, C. (2019). Expression and Functional
Analysis of TwoOdorant Binding Proteins from Bradysia Odoriphaga (Diptera:
Sciaridae). J. Agric. Food Chem. 67 (13), 3565–3574. doi:10.1021/acs.jafc.
9b00568

Terakita, A. (2005). The Opsins. Genome Biol. 6 (3). doi:10.1186/gb-2005-6-3-213

Frontiers in Genetics | www.frontiersin.org February 2022 | Volume 13 | Article 8353247

Fan et al. Five RNAi Targets of A. planipennis

https://doi.org/10.1002/ps.5370
https://doi.org/10.1186/s40851-015-0011-6
https://doi.org/10.1186/s40851-015-0011-6
https://doi.org/10.1016/j.ibmb.2013.07.006
https://doi.org/10.3390/insects11070440
https://doi.org/10.3390/insects11070440
https://doi.org/10.1007/s10886-008-9583-3
https://doi.org/10.1111/j.1439-0418.2008.01308.x
https://doi.org/10.1109/JOE.2003.82331210.1007/s10905-007-9097-9
https://doi.org/10.1109/JOE.2003.82331210.1007/s10905-007-9097-9
https://doi.org/10.1186/s12862-016-0674-4
https://doi.org/10.1186/s12862-016-0674-4
https://doi.org/10.1371/journal.pone.0056555
https://doi.org/10.1038/nbt1352
https://doi.org/10.1139/X09-057
https://doi.org/10.1002/ps.4083
https://doi.org/10.1603/EC09305
https://doi.org/10.1007/s10886-009-9700-y
https://doi.org/10.1002/ps.5071
https://doi.org/10.1002/ps.5071
https://doi.org/10.1007/s10340-020-01230-w
https://doi.org/10.1093/jisesa/iew098
https://doi.org/10.1002/ps.5601
https://doi.org/10.1371/journal.pone.0025709
https://doi.org/10.1093/jee/tov381
https://doi.org/10.1603/EN13137
https://doi.org/10.1186/s12870-017-1149-5
https://doi.org/10.1098/rspb.2011.1819
https://doi.org/10.1111/j.1744-7917.2011.01447.x
https://doi.org/10.1007/s10905-008-9166-8
https://doi.org/10.1007/s10905-008-9166-8
https://doi.org/10.1093/gbe/evw015
https://doi.org/10.1038/s41598-018-23216-6
https://doi.org/10.1038/s41598-018-23216-6
https://doi.org/10.1038/s41598-017-07605-x
https://doi.org/10.1038/s41598-017-07605-x
https://doi.org/10.1093/ee/nvv048
https://doi.org/10.3389/fgene.2020.604757
https://doi.org/10.1007/s000180050256
https://doi.org/10.1007/s000180050256
https://doi.org/10.1002/ps.6767
https://doi.org/10.1002/ps.6767
https://doi.org/10.1111/j.1601-183X.2011.00704.x
https://doi.org/10.1111/imb.12054
https://doi.org/10.1021/acs.jafc.9b00568
https://doi.org/10.1021/acs.jafc.9b00568
https://doi.org/10.1186/gb-2005-6-3-213
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles


Tian, H., Peng, H., Yao, Q., Chen, H., and Zhang, W. (2009). Developmental
Control of a Lepidopteran Pest Spodoptera Exigua by Ingestion of Bacteria
Expressing dsRNA of a Non-midgut Gene. Plos One 4 (7), e6225. doi:10.1371/
journal.pone.0006225

Wan, X. S., Shi, M. R., Xu, J., Liu, J. H., and Ye, H. (2021). Interference Efficiency
and Effects of Bacterium-Mediated Rnai in the Fall Armyworm (Lepidoptera:
Noctuidae). J. Insect Sci. 21 (5). 8, doi:10.1093/jisesa/ieab073

Wang, S. N., Shan, S., Yu, G. Y., Wang, H., Dhiloo, K. H., Khashaveh, A., et al.
(2020). Identification of Odorant Binding Proteins and Functional Analysis of
Antenna-specific AplaOBP1 in the Emerald Ash Borer, Agrilus Planipennis.
J. Pest Sci. 93 (2), 853–865. doi:10.1007/s10340-019-01188-4

Wang, X. Y., Yang, Z. Q., Gould, J. R., Zhang, Y. N., Liu, G. J., and Liu, E. S. (2010).
The Biology and Ecology of the Emerald Ash Borer, Agrilus Planipennis, in
China. J. Insect Sci. 10 128. doi:10.1673/031.010.12801

Wang, Y., Andongma, A. A., Dong, Y., Chen, Z., and Niu, C. (2018). Rh6 Gene
Modulates the Visual Mechanism of Host Utilization in Fruit Fly Bactrocera
Minax. Pest Manag. Sci. 75 (6), 1621–1629. doi:10.1002/ps.5278

Wei, X., Reardon, D., Wu, Y., and Sun, J. H. (2004). Emerald Ash Borer, Agrilus
Planipennis Fairmaire (Coleoptera: Buprestidae), in China: a Review and
Distribution Survey. Acta Entomologica Sinica 47, 679–685. doi:10.1109/JLT.
2003.821766

Wu, K., Taylor, C. E., Fishilevich, E., Narva, K. E., and Siegfried., B. D. (2018).
Rapid and Persistent RNAi Response in Western Corn Rootworm Adults.
Pestic. Biochem. Physiol. 150, 66–70. doi:10.1016/j.pestbp.2018.07.002

Zhang, J., Khan, S. A., Hasse, C., Ruf, S., Heckel, D. G., and Bock, R. (2015). Full
Crop protection from an Insect Pest by Expression of Long Double-Stranded
RNAs in Plastids. Science 347 (6225), 991–994. doi:10.1126/science.1261680

Zhang, J., Khan, S. A., Heckel, D. G., and Bock, R. (2017). Next-generation Insect-
Resistant Plants: RNAi-Mediated Crop protection. Trends Biotech. 35 (9),
871–882. doi:10.1038/ncomms1518610.1016/j.tibtech.2017.04.009

Zhang, S., Zhang, Z., Wang, H., and Kong, X. (2014). Antennal Transcriptome
Analysis and Comparison of Olfactory Genes in Two Sympatric Defoliators,

Dendrolimus Houi and Dendrolimus Kikuchii (Lepidoptera: Lasiocampidae).
Insect Biochem. Mol. Biol. 52, 69–81. doi:10.1016/j.ibmb.2014.06.006

Zhang, Y. C., Gao, S. S., Xue, S., Zhang, K. P., and Li, B. (2020). Odorant binding
Proteins Contribute to the Defense of the Red Flour Beetle, Tribolium
castaneum, against Essential Oil of Artemisia Vulgaris. Front. Physiol. 11,
819. doi:10.3389/fphys.2020.00819

Zhao, C., Gonzales, M. A., Poland, T. M., and Mittapalli, O. (2015). Core RNAi
Machinery and Gene Knockdown in the Emerald Ash Borer (Agrilus
Planipennis). J. Insect Physiol. 72, 70–78. doi:10.1016/j.jinsphys.2014.
12.002

Zotti, M., Santos, E. A., Cagliari, D., Christiaens, O., Taning, C., and Smagghe, G.
(2018). RNA Interference Technology in Crop protection against Arthropod
Pests, Pathogens and Nematodes. Pest Manag. Sci. 74 (6), 1239–1250. doi:10.
1002/ps.4813

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Fan, Zhang, Zhang, Kong, Liu and Zhang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Genetics | www.frontiersin.org February 2022 | Volume 13 | Article 8353248

Fan et al. Five RNAi Targets of A. planipennis

https://doi.org/10.1371/journal.pone.0006225
https://doi.org/10.1371/journal.pone.0006225
https://doi.org/10.1093/jisesa/ieab073
https://doi.org/10.1007/s10340-019-01188-4
https://doi.org/10.1673/031.010.12801
https://doi.org/10.1002/ps.5278
https://doi.org/10.1109/JLT.2003.821766
https://doi.org/10.1109/JLT.2003.821766
https://doi.org/10.1016/j.pestbp.2018.07.002
https://doi.org/10.1126/science.1261680
https://doi.org/10.1038/ncomms1518610.1016/j.tibtech.2017.04.009
https://doi.org/10.1016/j.ibmb.2014.06.006
https://doi.org/10.3389/fphys.2020.00819
https://doi.org/10.1016/j.jinsphys.2014.12.002
https://doi.org/10.1016/j.jinsphys.2014.12.002
https://doi.org/10.1002/ps.4813
https://doi.org/10.1002/ps.4813
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

	Five Visual and Olfactory Target Genes for RNAi in Agrilus Planipennis
	Introduction
	Materials and Methods
	Insects
	Double-Stranded RNA Synthesis
	Microinjection of dsRNA
	Total RNA Isolation and First-Strand cDNA Synthesis
	Quantitative Real-Time PCR
	Statistical Analysis

	Results
	dsRNA of A. planipennis Synthesized in vitro
	Specificity Detection of qPCR Primers
	Analysis of RNAi Effect

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


