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Abstract Insecticide resistance has been a major public
health challenge. It is impendent to study the mechanism on
insecticide resistance. In our previous study, 14 differentially
accumulated insect cuticle proteins (ICPs) based on insecti-
cide resistance proteomes and transcriptomes were found in
the deltamethrin-resistant (DR) and -susceptible (DS) strains
of Culex pipiens pallens. To investigate if these ICPs are as-
sociated with deltamethrin resistance, different transcriptional
levels of the 14 ICPs were detected in the DS and DR strains
from laboratory and field populations by using quantitative
real-time polymerase chain reaction (qRT-PCR). The expres-
sion levels of the 14 ICPs were also measured after short-term
exposure of the DS strain to deltamethrin. The full-length
complementary DNA (cDNA) of CpCPLCG5 gene, which
encodes one of the 14 ICPs, was cloned from Cx. pipiens
pallens. Homology analysis and phylogenetic analysis were
carried out with some other insects. Furthermore, small inter-
fering RNA (siRNA) was used to knockdown the expression
level of CpCPLCG5 gene for characterizing its contribution to

deltamethrin resistance. The results showed that the expres-
sion level of CpCPLCG5 gene was higher in DR strain than in
DS strain both in laboratory and field populations while the
other 13 ICPs were downregulated. The full-length cDNA of
CpCPLCG5 gene was 732 bp, with the ORF of 390 bp and
deduced 129 amino acids (GenBank/KF723314,2013).
Knockdown of CpCPLCG5 gene increased the susceptibility
of the DR strain while the expression level of the other 13
ICPs elevated. Our findings indicate that the cuticle proteins
are associated with deltamethrin resistance in Cx. pipiens
pallens.

Keywords Cx. pipiens pallens deltamethrin-resistant cuticle
protein

Introduction

Mosquito control represents a major public health chal-
lenge, because mosquitoes transmit several human dis-
eases, including malaria, West Nile fever, dengue fever,
and filariasis (Hemingway and Ranson 2000). Since
1930s, chemical control has been the main management
strategy applied worldwide. Deltamethrin has been widely
used since the 1970s due to its low toxicity in humans
and rapid killing of the insects. Unfortunately, the large-
scale use of insecticides has led to an undesired insecticide
resistance in mosquito populations (Nauen 2007), which
has become the main obstacle to vector control (Benelli
2015; Jinfu 1999; Sun et al. 2007).

It is particularly important to study the insecticide resis-
tance mechanism and to understand how to control mosquito
populations efficiently. Driven by the widespread resistance of
mosquitoes to insecticides, researchers have made significant
progress in the study of the mechanisms of insecticide

Electronic supplementary material The online version of this article
(doi:10.1007/s00436-015-4683-9) contains supplementary material,
which is available to authorized users.

* Yan Sun
sunyan@njmu.edu.cn

1 Department of Pathogen Biology, Nanjing Medical University, 140
Hanzhong Road, Nanjing, Jiangsu 210029, China

2 Jiangsu Province Key Laboratory of Modern Pathogen Biology, 140
Hanzhong Road, Nanjing, Jiangsu 210029, China

3 Clinical Laboratory, The Third People’s Hospital of Bengbu, 38
Middle Shengli Road, Bengbu, Anhui 233000, China

4 Department of Pathogen Biology, Hebei Medical University, 361
East Zhongshan Road, Shijiazhuang, Hebei 050017, China

Parasitol Res (2015) 114:4421–4429
DOI 10.1007/s00436-015-4683-9

http://orcid.org/0000-0002-9901-5661
http://dx.doi.org/10.1007/s00436-015-4683-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s00436-015-4683-9&domain=pdf


resistance (Nkya et al. 2013). One mechanism closely related
to insecticide resistance is knockdown resistance (kdr)
(Burton et al. 2011; Chen et al. 2010). Other factors, including
detoxification enzyme systems based on cytochrome P450
monooxygenases, non-specific esterases, and glutathione-S
transferases, may also play important roles in insecticide re-
sistance (Hemingway and Karunaratne 1998; Gong et al.
2005; Usmani and Knowles 2001; Vontas et al. 2000;
Matambo et al. 2007; Pedra et al. 2004). Furthermore, mos-
quito insecticide resistance is also attributed to the chitinized
cuticle, which may impede the absorbance of the insecticide
(Ahmad and McCaffery 1991; Kostaropoulos et al. 2001).
Recently, a large number of insect cuticle proteins (ICPs) have
been identified in genomic, proteomic, and transcriptomic
studies (Dittmer et al. 2012; Futahashi et al. 2008; Jones
et al. 2013a; Karouzou et al. 2007; Vontas et al. 2007;
Kucharski et al. 2007; Tang et al. 2010; Togawa et al. 2007;
Willis 2010). In our previous work, based on insecticide re-
sistance proteomes and transcriptomes, 14 ICPs were found
differentially expressed in DS and DR strains ofCulex pipiens
pallens (Wang et al. 2015). However, there is little research on
the relationship between ICPs and insecticide resistance in
mosquito (Lertkiatmongkol et al. 2010; Nkya et al. 2014;
Paris et al. 2012).

The insect cuticle is formed from ICPs together with chitin,
which serves as a barrier to the external environment. According
to the different motifs, ICPs are divided into 12 families, such as
CPR, CPF, CPFL, CPLCG, and CPG, with unique structures
and distinguishing characteristics (Andersen 2000; Bouhin
et al. 1992; Cornman and Willis 2009; He et al. 2007).

In this study, the expression levels of 14 ICPs were detected
from deltamethrin-resistant (DR) and -susceptible (DS) Cx.
pipiens pallens both in laboratory and field populations by
real-time polymerase chain reaction (qRT-PCR). Next, the ex-
pression pattern of these ICPs after induction by deltamethrin
was also characterized by qRT-PCR. In addition, the full-
length cDNA of the CpCPLCG5 gene, which belongs to
ICP family, was cloned from Cx. pipiens pallens, and the
sequence alignment and phylogenetic tree were analyzed.
Small interfering RNA (siRNA) was injected into the female
mosquitoes to inhibit the expression level of CpCPLCG5, and
the viability of the injected mosquitoes was analyzed after
exposed to deltamethrin by WHO insecticide susceptibility
bioassay. The aim of this research was to determine if the
cuticle proteins could alter the deltamethrin sensitivity.

Materials and methods

Cx. pipiens pallens strains

Two laboratory strains ofCx. pipiens pallenswere used in this
study. The DS strain was obtained from Tangkou, Shandong

Province, and then maintained in our laboratory without ex-
posure to any insecticides. The DR strain was selected with
deltamethrin more than10 generations from the DS strain. The
50 % larval lethal concentrations (LC50) of DS and DR strains
were 0.03 and 0.84 mg/l, respectively. Both strains were
reared at 28–30 °C in a 16-h light/8-h dark photoperiod with
70–80 % humidity. For each strain comparison, three biolog-
ical replicates of 10 adult females (3 day post-emergence)
were collected for RNA extraction.

Field strain of Cx. pipiens pallens were collected from DP
(Dongpin, Shandong Province, N35.94, E116.47). The field
studies did not involve endangered local species, and no per-
mits were required for insect field collections. Mosquitoes
were reared directly from field-collected larvae. Twenty-five
non-blood-fed female mosquitoes, 3 day post-emergence,
were tested with 0.05 % deltamethrin-treated papers by using
the insecticide susceptibility bioassay (WHO 1970). After ex-
posure for 1 h, the knockdown mosquitoes (recorded as DP-
DS strain) and survivors (DP-DR strains) were collected for
the following RNA extraction. Three replications were per-
formed for the experiment.

Short-term exposure to deltamethrin of Cx. pipiens pallens

The 12–18-h-old female DS mosquitoes were exposed to a
sublethal dose (0.05 %) of deltamethrin for 15 min by using
insecticide susceptibility bioassay. The tubes were held in a
horizontal position to avoid underdosing of early knock-
downs. The mosquitoes were then placed into control tubes
with sugar and water, and the survivors were collected at 6, 12,
24, and 48 h post-exposure for subsequent RNA extraction
and expression analysis. Three replications were performed
for each group.

RNA extraction and cDNA synthesis

Total RNAwas extracted from 10 collected female mosquitoes
for each group using TRIzol (Invitrogen, USA), and contami-
nant genomic DNAwas removed by DNase I treatment. cDNA
was synthesized from 450 ng total RNAwith PrimeScript™RT
Reagent Kit (TaKaRa, Japan) according to the manufacturer’s
protocol. All analyses were repeated three times with different
preparations of messenger RNA (mRNA) samples.

Cloning and sequencing of CpCPLCG5 gene

The full-length cDNA of the CpCPLCG5 gene, which be-
longs to the ICPs family, was cloned fromCx. pipiens pallens.
The fragment including opening reading frame (ORF) was
cloned with the specific primers: CpCPLCG5-F, 5′-
TCAAACATCTCAAACAACCAACT-3′; CpCPLCG5-R,
5′-TCCTGCTGTGATCCTGTAA-3′. The primers were de-
signed based on Cx. pipiens pallens transcriptomes we
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previously obtained and referred to the sequence of Culex
quinquefasciatus cuticle protein (vector base ID:
CPIJ003476). The PCR conditions were as follows: initial
denaturation for 5 min at 94 °C, followed by 35 cycles at
94 °C for 30 s, 55 °C for 30 s, and 72 °C for 20 s, with a
10-min extension at 72 °C. The 3′-RACE and 5′-RACE spe-
cific primers (5′-GAAGGTCGCCATTCTTGCCGTTG-3′
and 5′-AGGTAGCTCCGGGAACAACTCCG-3′) were
based on the cloned fragment. The 3′-RACE and 5′-RACE
adaptor primers (5′-CTAATACGACTCACTATAGGGC-3′
a n d 5 ′ - C TAATACGACTCACTATAGGGCAA
GCAGTGGTATCAACGCAGAGT-3′) were provided by
SMARTer™ RACE cDNA Amplification Kit (TaKaRa,
Japan). PCR conditions were as follows: initial denaturation
for 5 min at 94 °C, followed by 35 cycles of 94 °C for 30 s,
62 °C for 30 s, and 72 °C for 75 s, with a final 7-min extension
at 72 °C. PCR products were separated by 1 % agarose gel
electrophoresis and purified using a QIAquick Gel Extraction
Kit (Qiagen, Germany). Products were then cloned overnight
into the pMDTM19-T Simple plasmid (TaKaRa, Japan) at
16 °C. This ligated mixture was transformed into
Escherichia coli TOP10 competent cells and cultured on LB
plates containing ampicillin (70 μg/ml). Positive clones were
validated and sequenced at BGI, Shenzhen. The sequences of
the three fragments were assembled to generate a putative full-
length cDNA. The sequence was verified using following
primers: 5′-ACATGGGACCATAAGCAGTTC-3′ and 5′-
CGTACAAACACAGAACTTCGGT-3′.

Sequence alignment and phylogenetic tree

The standard protein/protein BLAST sequence comparison
programs (http://beta.uniprot.org/?tab0blast) were used for
alignment of the translated sequence of CpCPLCG5 gene in
the SWISSPROT databases. The phylogenic tree was
constructed using the neighbor-joining method of the
MEGA5.1 program (Tamura et al. 2011) using the
ClustalW2 computer program (http://www.ebi.ac.uk/Tools/
clustalw2/index.html).

qRT-PCR analysis

The transcripts of 14 cuticle proteins (Table S1) were carried
out by qRT-PCR. qRT-PCR was performed on the ABI Prism
7300 HT Sequence Detection system (Applied Biosystem,

CA, USA) using FastStart® SYBR Green (Roche) according
to the manufacturer’s protocol. The sequences of forward and
reverse primers used for the 14 cuticle proteins and their prod-
uct sizes were listed in Table S2. Another pair of primers was
used for β-actin: 5′-AGCGTGAACTGACGGCTCTTG-3′
and 5′-ACTCGTCGTACTCCTGCTTGG-3′, with a product
size of 153 bp. We used the following procedure: at 50 °C for
2 min, at 95 °C for 10 min, followed by 40 cycles of 95 °C for
15 s, and 60 °C for 1 min. A melting curve program was run
immediately after the PCR reaction, and the data were ana-
lyzed with 7300 System SDS Software v1.2.1 (Applied
Biosystems). The raw threshold cycle (Ct) values of ICPs
were normalized against Ct value of β-actin, which were then
used to calculate relative expression levels in the samples
using the 2−ΔΔCt method (Livak and Schmittgen 2001). The
expression levels of 14 ICPs were detected in the laboratory
and field mosquito populations, along with the short-term ex-
posure to deltamethrin. The qRT-PCR analysis was performed
three times using independent purified RNA samples with
three replicates for each sample.

RNAi of CpCPLCG5 gene

To investigate the role of CpCPLCG5 gene in Culex mosqui-
toes, 350 ng siRNA of CpCPLCG5 gene (siCpCPLCG5) and
negative control (siCtrol) (GenePharma, Shanghai) were
injected into 1-day-old DR female mosquitoes, respectively.
The SiCpCPLCG5 and SiCtrl sequences are presented in
Table 1. RNAi assays were carried out according to standard
methodology (Blandin et al. 2002; Dong et al. 2006). Both
siCpCPLCG5 and siCtrol groups were kept in the insectary at
28–30 °C in a 16-h light/8-h dark photoperiod with 70–80 %
humidity for 3 days. Total RNA was then extracted from 10
injected female mosquitoes, and gene silencing efficiency was
determined by using qRT-PCR. Each experiment was repeated
three times with independent injection and RNA isolation.

WHO insecticide susceptibility bioassay

Three days after injection, the other injected mosquitoes were
tested by WHO insecticide susceptibility bioassay with
0.05 % deltamethrin-treated papers. Twenty female mosqui-
toes for each population were used. After exposure for 24 h,
the number of dead and alive mosquitoes was recorded. The
experiment was carried out for three replicates.

Table 1 Sequences of siRNA used for CpCPLCG5 gene RNAi

Name Sense Antisense

SiCtrl 5′-UUCUCCGAACGUGUCACGUTT-3′ 5′-ACGUGACACGUUCGGAGAATT-3′

SiCpCPLCG5 5′-GCAGGAAGAUGCUCAAGAUTT-3′ 5′-AUCUUGAGCAUCUUCCUGCTT-3′
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Statistical analysis

All the experiments were carried out for three replicates, and
the results were means of three experiments. The data were
analyzed using a Student’s t test for all two-sample compari-
sons and a one-way analysis of variance (ANOVA) for multi-
ple sample comparisons with SPSS software. A p value of
<0.05 was considered significant.

Results

Differentially expressed genes in laboratory and field
strains

The expression level of CpCPLCG5 gene was 8.58-fold
higher in laboratory DR strain than in DS strain. On the other
hand, the expression levels of the other 13 ICP genes were
lower in the DR strain compared with the DS strain respec-
tively (Fig. 1).

For field strain, the mRNA level of CpCPLCG5 gene was
2.58-fold higher in DP-DR strain than in DP-DS strain. The
expression levels of the other 13 ICP genes were lower in the
DP-DR compared with the DP-DS strain, respectively
(Fig. 2).

Response of DS mosquitoes to deltamethrin

In this experiment, we focused on the short-term response (6–
48 h after treatment), using a preliminary time course

experiment of pair-wise hybridizations (treated vs. non-
treated DS mosquitoes), which indicated some changes in
the global expression pattern of the 14 ICPs at 6, 12, 24, or
48 h after exposure to deltamethrin.

These 14 ICPs were differentially expressed in the female
mosquitoes of DS strain 6–48 h after exposure to a sublethal
dosage of deltamethrin, compared with unexposed mosqui-
toes (Table S3). The highest expression level for the genes
occurred at 12 or 24 h after exposure and then decreased
rapidly over the next few hours (Fig. 3a–d).

Cloning the full-length cDNA of CpCPLCG5 gene
from Cx. pipiens pallens

The full-length cDNA of CpCPLCG5 gene from DR
strain of Cx. pipiens pallens was amplified and sequenced.
The 390 bp fragment including ORF was amplified by
PCR, and the fragments of 268 and 74 bp were obtained
from 3′-RACE and 5′-RACE, respectively. The sequencing
results were then assembled to generate a putative full-
length CpCPLCG5 cDNA. The start codon ATG was
found to be nucleotides 75–77 of the gene, and a stop
codon TAA was at 462–464 with tailing signal sequence
AATAAA presented at the 3′-untranslated region, which
confirms that it is the full-length cDNA sequence of
CpCPLCG5. The full-length cDNA was deposited in
GenBank under accession number KF723314. The de-
duced peptide was composed of 129 amino acids.
Homology analysis of the Cx. pipiens pallens
CpCPLCG5 sequence was compared with other insect

Fig. 2 Relative expression of 14 ICP genes detected by qRT-PCR in field
DP-DR and DP-DS strains. Data presented were the ratio of each ICP
gene expression in DP-DR strain compared with DP-DS strain. β-actin
was used as internal control. The data from three independent
experiments were analyzed. The results were shown as the mean ± SE.
Significant differences were indicated by *p<0.05 and **p<0.01

Fig. 1 Relative expression of 14 ICP genes detected by qRT-PCR in
laboratory DR and DS strains. Data presented were the ratio of each
ICP gene expression in DR strain compared with DS strain. β-actin was
used as internal control. The data from three independent experiments
were analyzed. The results were shown as the mean ± SE. Significant
differences were indicated by *p<0.05 and **p<0.01
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species, including Cx. quinquefasciatus, Anopheles
gambiae, Aedes aegypti, Anopheles darlingi, etc.
(Fig. 4a). The phylogenetic analysis showed that Cx.
pipiens pallens, Cx. quinquefasciatus, An. gambiae, Ae.
aegypti, and An. darlingi share the most recent common
ancestry (Fig. 4b). Structure analysis showed that there is
a conserved domain G-x(2)-Hx-A-P-x(2)-G-H at the C ter-
minus of CpCPLCG5 which is a characteristic of CPLCG
subfamily in cuticle protein family (Willis 2010).

RNAi increases the sensitivity of the DR strain
to deltamethrin treatment

qRT-PCR showed that the knockdown efficiency of
CpCPLCG5 gene was 73.4 % compared with NC group
(Fig. 5). WHO insecticide susceptibility bioassay showed
the mortality rate of siCpCPLCG5 group increased to
46.7 % (Fig. 6). The number of tested mosquitoes and their
mortality rates are presented in Table S4. Interestingly, the

Fig. 3 Specificity of induction of the 14 ICPs after short-term exposure
to deltamethrin in the DS strain, as detected by qRT-PCR. a
CpCPR5,6,24,117; b CpCPR118,123,130,147; c CpCPLCG14,15,16,5;
d CpCPFL1,3. Data presented were ICP gene expression in DS strain
induced by deltamethrin at different time. Each value was normalized to

that of untreated (0 h) set at the value 1. β-actin was used as internal
control. The data from three independent experiments were analyzed. The
results were shown as the mean ± SE. *p<0.05;**p<0.01; n.s. non-
significant p value
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other 13 ICPs were highly expressed in siCpCPLCG5 group
compared with the NC group (Fig. 7). Our results showed that
knockdown of CPLCG5 gene increased the sensitivity of
Culex mosquitoes to deltamethrin.

Discussion

The cuticle is the outer surface of insects, and it is a protein-
chitin mixture secreted by single epidermal cells. As an

external skeleton, insect cuticle can provide mechanical sup-
port for the body, such as motion, feeding, perception, flight,
and so on (Qiu and Hardin 1995). In addition, it is a physical
barrier to prevent evaporation which leads to dehydration. It is
well-known that the cuticular proteins are key components of
insect cuticle, a structure that plays an important role in insect

Fig. 5 Expression level of CpCPLCG5 gene was downregulated in DR
mosquitoes by RNAi. Data presented were the ratio of the CpCPLCG5
gene expression in siCpCPLCG5-injected mosquitoes compared with
that in siCtrol-injected mosquitoes. The data from three independent ex-
periments were analyzed. The results were shown as the mean ± SE.
Significant differences were indicated by **p<0.01)

Fig. 4 Analysis of the deduced amino acid sequence of CpCPLCG5
gene from Cx. pipiens pallens. a An amino acid sequence alignment of
Cx. pipiens pallens CpCPLCG5 gene with other insect species (Cx.
quinquefasciatus, Aedes aegypt, Anopheles darlingi, An. gambiae,
Drosophila grimshaw, D. mojavensis, Musca domestica, Ceratitis

capitata, D. virilis, D. ananassae, D. erecta, D. willistoni, D. sechellia,
D. melanogaster, D. pseudoobscura, D. simulans, D. yakuba). b
Phylogenetic relationships of CpCPLCG5 among Cx. pipiens pallens
and other insect species

Fig. 6 Mortality of mosquitoes in WHO insecticide susceptibility
bioassay after RNAi of CpCPLCG5 gene. The 3-day siRNA-injected
mosquitoes were treated with 0.05 % deltamethrin. Mortality was
recorded after 24-h exposure to deltamethrin. DM deltamethrin. The
data from three independent experiments were analyzed. The results
were shown as the mean ± SE. Significant differences were indicated
by **p<0.01
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development and defense (Chu et al. 2013). In recent years,
with the rapid development of biological technology and ap-
plication of new method for transcriptome and proteome,
some ICPs such as the CPR, CPLC, and CPLCG subfamily
members were found to be differential expressed in some in-
sects between sensitive and resistant strains (Awolola et al.
2009; Nkya et al. 2014; Reid et al. 2012; Silva et al. 2012).
However, little is known about the function of these cuticle
proteins in the insecticide resistance (Ahmad et al. 2006;
Wood et al. 2010; Zhu et al. 2013) . In this study, the expres-
sion levels of 14 ICPs of laboratory and field Cx. pipiens
pallens between DR and DS strains were examined. The re-
sults show that ICPs were differently expressed between re-
sistant and susceptible strains both in laboratory and in field
populations, which is consistent with the results in Ae. aegypti
and bed bug (Lertkiatmongkol et al. 2010; Mamidala et al.
2012; Paris et al. 2012).

In induction experiment, the transcripts of the 14 ICPs were
differently expressed after induced by deltamethrin in DS
strain. In RNA interference experiment, knockdown of
CpCPLCG5 gene in DR strain by using micro-injection in-
creased mosquitoes’ sensitivity to deltamethrin. The above
results showed that there is a relationship between cuticle
proteins and insecticide resistance.

We found that the transcript of CpCPLCG5 gene, which
encodes one of the 14 ICPs in Cx. pipiens pallens was at a
high expression level in both laboratory and field DR strains.
This is also consistent with the reports of ICPs in An. gambiae
mosquitoes from Kenya, where 19 ICPs showed significant

differential accumulation between R and S mosquitoes, and
only transcript AGAP006009-RA (CRP30) was accumulated
at higher levels in R than in S mosquitoes (Bonizzoni et al.
2012). RNAi of CpCPLCG5 gene showed that the sensitivity
of the DR strain of Cx. pipiens pallens increased when
CpCPLCG5 gene downregulated. This is the first evidence
that CpCPLCG5 may play an important role on insecticide
resistance. As CpCPLCG5 belongs to CPLCG subfamily,
and CPLCG3, CPLCG4, CPLCG5, and CPLCG15 have been
reported overexpressed in insecticide-resistant An. gambiae
(Nkya et al. 2014; Vannini et al. 2014); the relationship be-
tween CPLCG subfamily and insectcide resistance in mosqui-
toes warrants further investigation.

Interestingly, changes in expression levels of CpCPLCG5
gene were far greater than the other 13 ICPs in the laboratory-
and field-resistant strains.While CpCPCLG5 gene was upreg-
ulated in DR strain, the other 13 ICPs were downregulated.
And after knockdown of CpCPLCG5 gene, the expression
levels of other 13 ICPs were correspondingly increased.
These results suggested that CpCPLCG5 gene may act as a
key factor in mosquito cuticle protein family which involves
in insecticide resistance. There may be some internal adjust-
ment mechanism that maintain a certain level of the whole
ICPs and keep the stability of the whole ICPs’ function.
However, only 14 ICPs at adult stage were investigated in
our study, and there may be other ICPs involved. Further study
is needed to investigate the underlying mechanism between
CpCPLCG5 and other ICPs.

In the experiment of the effect of short-term exposure to
deltamethrin, we found that these 14 ICPs were differentially
expressed in the DS strain after short-term exposure. Our re-
sults show that all the 14 ICPs were upregulated at an early
time, peaked at 12 or 24 h, and then rapidly declined. We
cannot exclude the possibility that some genes are induced
significantly at different time intervals outside of the 6–48 h
window (early or late responses), and these could be of im-
portance in insecticide resistance. In previous work on the
susceptibility of the An. gambiae strains after exposure to
insecticide, NAP1-P03-H-05 (the coding for an insect cuticle
protein) was downregulated at a later time after exposure
(Vontas et al. 2005). A potential cause of the insecticide resis-
tance was a change in the cuticle structure (Jones et al. 2013b).
Still, it needs further study.

This study provides evidence that ICPs are associated with
deltamethrin resistance. To better understand how the cuticle
protein is associated with insecticide resistance, future work
should focus on a better understanding of ICP production and
how the ICPs change under different conditions.
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