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A B S T R A C T   

RNAi technology is considered an important tool to analyze gene function. In the current study, caspase-1, a vital 
gene in the apoptosis mechanism, was partially detected from Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) 
larvae and silenced using a topical assay of the dsRNA. Analysis of the gene transcript showed that the dsRNA 
could reduce caspase-1 mRNA, significantly 24 h post-treatment. However, the gene gradually recovered its 
expression, and even the treated gene expression became fairly higher than the control on day three. This 
indicated that the silencing effect was not persistent over time. Biological experiments showed that the caspase-1 
dsRNA did not produce significant mortality. However, the development time of the third instar larvae increased 
significantly after treatment by the dsRNA (25, 50 and 100 ng/μl) in a dose-dependent manner. Also, knockdown 
of caspase-1 reduced the bodyweight of the third instar larvae as well as the emergence of the adult. These results 
are indicating that caspase-1 has a significant role in the growth and development of the insect.   

1. Introduction 

Programmed cell death (PCD), also known as apoptosis, is a normal 
process of physiological cell suicide and is much conserved in all 
multicellular organisms. Apoptosis has a vital role in the development of 
healthy cells, tissue homeostasis, and the removal of unwanted and 
damaged cells (Zhuang et al., 2011; Arguelles et al., 2019). Apoptosis 
machinery can conduct through one of the three following pathways, 
including the effect on mitochondrial function as a modulator and 
synchronizer of Ca2+ signaling and/or a place for accumulation of p53 in 
response to stress (Morciano et al., 2018). Thus, it would transfer the 
death signal directly to the apoptotic mechanisms via adaptor proteins 
and accumulation of calcium into a cell and triggering programmed cell 
death through a calcium-binding protease calpain (Zhuang et al., 2011). 
It seems that the Ca2+ dynamics of ER and mitochondria can be adjusted 
by the Bcl-2 proteins. Bcl-2 family members as regulators release the 
proteins from the space between the inner and outer membrane of 
mitochondria. In the cytosol, they activate caspase proteases to take 
cells to pieces and stimulate phagocytosis of cell corpses (Jeong and 
Seol, 2008; Wang and Youle, 2009). Accumulation of p53 in the cytosol 
or mitochondria in response to stress is a new type of 
transcription-independent apoptotic activities. P53 could induce per
meabilization of the mitochondrial outer membrane and activate the 
intrinsic apoptotic pathway by triggering the release of pro-apoptotic 

factors from the intermembrane space (Morciano et al., 2018). 
The central part of the machinery of apoptosis is caspases, which are 

a conserved family of aspartate-specific cysteine proteases (Hebert et al., 
2009). These enzymes are divided into two groups, including inflam
matory and the apoptotic caspases composing of initiators and effectors. 
It seems that inflammatory caspases are restricted to mammals (Chang 
and Yang, 2000; Kamezaki et al., 2018; Courtiade et al., 2011), although 
some lepidopteran caspase genes recently showed similarities to the 
human inflammatory caspase (Yu et al., 2019). However, during the 
apoptotic proteolytic cascade, initiator caspases become active, first in 
response to a variety of signals, and after activation through the cleav
age of their long N-terminal pro-domain, they activate the effector 
caspases, which are responsible for the cleavage of many cellular com
ponents, resulting in the typical features of apoptotic cells (Hebert et al., 
2009; Courtiade et al., 2011; Zhuang et al., 2011). Additionally, there is 
evidence that caspases play a significant role in the other cellular 
functions, including cell migration, cell shaping, immune response, 
spermatid individualization, etc. (Accorsi et al., 2015). 

In lepidopteran order, caspase-1 is similar to human caspase-3 and its 
function in the apoptosis pathway has been studied more thoroughly 
using cell lines (Parthasarathy and Palli, 2007). The first caspase, 
Sf-caspase-1, with 299 amino acids, was characterized from Spodoptera 
frugiperda cell line (Sf9), which was an important target of baculovirus 
p35 during viral infection (Ahmad et al., 1997). The role of lepidopteran 
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caspase-1 in virus-induced apoptosis (Liu et al., 2005; Hebert et al., 
2009; Wang et al., 2016), entomopathogenic fungus-induced apoptosis 
(Tseng et al., 2008), UV-irradiation (Zoog et al., 2002; Liu and Cheja
novsky, 2005; G. Liu et al., 2020), bacteria and chemicals (Yu et al., 
2019), heat and cold temperatures (Lu et al., 2013), as well as devel
opment and larval-pupal metamorphosis (Yang et al., 2008, 2017) have 
been studied. Most of the above studies have been conducted on Spop
doptera frugiperda, Spodoptera littoralis, Spodoptera exigua, Helicoverpa 
armigera, Trichoplusia ni, and Bombyx mori (Cooper et al., 2009; Hebert 
et al., 2009; Wang et al., 2016; Yu et al., 2019). However, there is not 
any study about apoptosis machinery in the tomato leafminer, Tuta 
absoluta (Meyrick), one of the most destructive insect pests of the Sol
anaceae family (Biondi et al., 2018; Han et al., 2018; Sylla et al., 2019). 

In this study, we targeted some biological traits of the tomato leaf
miner in which caspase-1 is involved. Previously, Yang et al. (2008) 
showed rises in the expression of Hearm caspase-1 in hemocytes of 
H. armigera during molting and metamorphosis. Also, the expression 
profiles of caspase-1 in the Galleria mellonella midgut during develop
ment showed that the transcript and its protein products appeared in 
two or more waves during metamorphosis (Khoa et al., 2012). Lu et al. 
(2013) reported that the expression of Chilo suppressalis caspase-1 was in 
low constitutive levels in the eggs and early larvae stages, but higher 
abundances were demonstrated in the last larval instars and pupae 
stage. 

RNA interference (RNAi) is the rapid identification of in vivo gene 
function in which a special gene is targeted and silenced through double- 
stranded RNA (dsRNA) (Simmer et al., 2003). So far, vacuolar ATPase 
subunit A, Arginine kinase (Camargo et al., 2016), acetylcholinesterase, 
nicotinic acetylcholine alpha 6 receptors, and ryanodine receptors 
(Majidiani et al., 2019) in T. absoluta were silenced, and their functions 
explored using dsRNAs. Taking into consideration the function of 
cspase-1, we aimed to identify, sequence and explore the gene function 
in the biology of the tomato leaf-miner. Moreover, the effect of RNAi 
technology on the gene expression as well as survival, growth, and 
development of the insect examined. 

2. Materials and methods 

2.1. Plant and insect rearing 

Tomato seeds, Solanum lycopersicum, were cultivated in a greenhouse 
condition (25 ± 5 ◦C, 16L:8D photoperiod) in seedling trays containing 
peat moss until the growth of the first leaf. Then, the seedlings trans
ferred to the greenhouse and grown in pots (20 cm diameter × 20 cm 
height) with fertilized soil, watered three times a week (Pereyra and 
Sánchez, 2006; Gharekhani and Salek-Ebrahimi, 2014). 

The larvae of tomato leaf-miner, Tuta absoluta, were collected from a 
commercial tomato greenhouse located in Safadasht, Karaj (Alborz 
province), Iran. The insect colony was kept under laboratory conditions 
at 25 ± 1 ◦C, 60–70% RH, and 16L:8D photoperiod. The colonies were 
provided with fresh tomato plants every two days. 

2.2. RNA extraction and cDNA cloning 

The RNA extraction and cDNA construction were based on Amiri 
et al. (2016) with slight modifications. The whole body of the fourth 
instar larvae of T. absoluta was transferred into a microtube containing 
0.5 ml TRI reagent (TRIzol®, Sigma-Aldrich, Missouri, USA). TRI re
agent was applied to extract the total RNA of the samples (~30 mg). To 
remove possible DNA contamination, total RNA samples were treated 
with Ambion TM DNase I (RNase-free) (Thermo Fisher Scientific, Pitts
burgh, Pennsylvania, USA). The first-strand cDNA was constructed with 
an oligo-dT primer using AccuPowerR_RocketScript TM Cycle RT PreMix 
cDNA synthesis kit (Bioneer, Daejeon, Korea). The PCR program was as 
95 ◦C preheating for 4 min, followed by 30 cycles of 95 ◦C for the 30s, 
55 ◦C for 30s, 72 ◦C for 30 s, and a final extension step of 72 ◦C during 7 

min. 
Every PCR reaction contained 2.5 μl of 10 × PCR buffer, 1 μl of cDNA 

template, 1.5 μl of forward and 1.5 μl of reverse primers (10 pmol/μl; 
caspase-1 forward primer: ATGAAGGTGACGCATGGGG; caspase-1 
reverse primer: CACAAAGAGCTTGCATGAACC), 1.5 μl of MgCl2 (25 
mmol/μl), 2 μl of dNTP (deoxynucleotide triphosphate) (2 mmol/μl 
each), 0.2 μl of Taq polymerase (5 U/μl), and 14.8 μl of ddH2O. The 
primers were designed according to the alignment of the same sequences 
of other insect genes taken from the National Center for Biotechnology 
Information (NCBI) in Clustal omega online software (www.ebi.ac.uk/ 
Tools/msa/clustalo/). The PCR product was analyzed on 1% agarose 
gel, and the target band was isolated and purified using the AccuPrep 
Gel Extraction Kit (Bioneer, Daejeon, Korea). The nucleotide sequence 
was cloned into the pTG19-T PCR cloning vector (Vivantis) and inserted 
into Escherichia coli DH5α competent cells. Colonies with recombinant 
plasmids were screened under standard ampicillin conditions and thus 
caspase-1 sequence confirmed by sequencing. The sequencing reaction 
was performed commercially. 

2.3. Sequences and phylogenetic analysis 

The sequence of the caspase-1 cDNA confirmed according to ho
mology between other caspase-1 sequences obtained from lepidopterans 
in the Blast program available on the GenBank database of the National 
Center for Biotechnology Information (NCBI) website (http://www.ncbi 
.nlm.nih.gov/BLAST/). The amino acid sequences of caspase-1 homo
logs from different lepidopterans were taken from the GenBank database 
of NCBI. Clustal Omega used for alignment of the sequences, and MEGA 
X software was applied for the construction of phylogenetic trees by the 
neighbor-joining method with a Parsimon correction model (1000 
bootstrap replications to check for repeatability of the results). Also, the 
protein domains were predicted by NCBI Conserved Domains using the 
Conserved Domain Database (CDD). 

2.4. dsRNAs synthesis 

The double-stranded RNAs (dsRNAs) of the gene were synthesized 
using T7 RNA polymerase. Sequence-specific primers were constructed 
with a T7 promoter at the 5′-end (caspase-1- T7 forward: TAA
TACGACTCACTATAGGGAGAGGAGCCACGGGTTGTGTTC; caspase-1- 
T7 reverse: TAATACGACTCACTATAGGGAGAAAGAACAGGGGCTGGG 
CTAT) to create cDNA fragments of caspase-1 which contained the T7 
promoter region in both sense and antisense strands. MEGAscript® RNAi 
kit (Ambion, Life Technologies) used for dsRNA synthesis. The purity 
and integrity of the dsRNAs examined by agarose gel electrophoresis, 
and its quantity was determined spectrophotometrically at 260 nm. The 
length of both dsRNAs was around 500 bp. 

2.5. dsRNA topical assay 

The topical assay was conducted to study the effect of Caspase-1 on 
the insect. The purified Caspase-1 dsRNA was diluted by acetone to 
obtain desired concentrations (50, 100, and 200 ng/μl) and 0.5 μl 
droplets of every dsRNA concentration were applied on the dorsal sec
tion of the cold larval body using a micropipette (Pridgeon et al., 2008). 
The control individuals were treated by acetone only. The experimental 
larvae were at the early age of the third instar (0-24 h-age). After drying, 
the larvae were put into the Petri dishes filled with tomato leaves as 
food. The test was replicated three times, with ten individuals in each 
replicate. The biological features such as survival, weight, and devel
opmental period were calculated. 

2.6. RNA isolation from dsRNA-treated larvae and qualitative gene 
expression assays 

To analyze the effect of the dsRNAs on each target gene 
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Fig. 1. Deduced amino acid sequence located between 231 and 566 nt of caspase-1 aligned with this gene belonging to Bombyx mori (NP_001037050.1), Spodoptera 
exigua (AEK12771.1), Plutella xylostella (ADK24087.1), Spodoptera frugiperda (AAC47442.1), Helicoverpa armigera (ABO93468.1), Bicyclus anynana 
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transcription, we extracted RNAs from live larvae, and cDNAs were 
constructed (AccuPower® PCR premix; Bioneer, Inc., Daejeon, Korea). 
Survive larvae after 24, 48, 72 h post-treatment were selected for RNA 
extraction. RNA extraction and cDNA construction were done as 
described before. 

For every qPCR reaction, three technical replicates were performed. 
T. absoluta specific 18s ribosomal RNA gene (18s rRNA) was used as an 
internal control (Majerowicz et al., 2011; Paim et al., 2012). Thus, the 
target genes expression levels normalized according to the control gene. 
The 18S primers were designed based on the leaf-miner 18s ribosomal 
RNA sequence in GenBank with an accession number of MH644412 by 
Primer Blast online software (18s rRNA qPCR forward primer: 
GGCCTTCGGGATCGGAGTAA; 18s rRNA qPCR reverse primer: 
GCAAATGCTTTCGCAGTTGTT). The reactions performed with Eva 
green master mix (5 × HOT FIREPol® Probe qPCR Mix Plus (no ROX)) 
on a Rotor-Gene® Q system (QIA-Gene). Gene-specific primers (cas
pase-1 qPCR forward primer: GTCACTGTCCACGTTCGTCCC; caspase-1 
qPCR reverse primer: AACACAAGAACAGGGGCTGGG) with a product 
size of approximately 100 bp were designed using Primer-Blast. qPCR 
reactions were performed based on Amiri et al. (2016). 

At the end of the program, a melting curve was set up from 55 to 
95 ◦C to ensure that only a single product was generated. The relative 

mRNA level of the target genes was estimated based on the Ct method 
(2− ΔΔCt (Pfaffl, 2001; Livak and Schmittgen, 2001)). The significant 
differences in the gene expression were determined by t-test using the 
Rest 2009 Software (Pfaffl et al., 2002). 

2.7. Statistical analysis 

The data analyzed by one-way ANOVA using SAS version 9.0 and 
differences between values were determined using a Tukey pairwise 
comparison of means. The statistical significance for results was estab
lished at P < 0.05. 

3. Results 

3.1. Identification and homologous alignment 

A 642 bp partial cDNA was considered as T. absoluta caspase-1 based 
on the BLASTx analysis showed high homology with caspase-1 gene in 
the order of Lepidoptera such as Pieris rapae (Lepidoptera: Pieridae; 
GenBank accession no. XP_022117090.1; ~88% identity), H. armigera 
(Lepidoptera: Noctuidae; GenBank accession no. ABO93468.1; 87% 
identity), Chilo suppressalis (Lepidoptera: Crambidae; GenBank accession 

(XP_023950371.1), Spodoptera litura (XP_022819875.1), Pieris rapae (XP_022117090.1), Heliconius melpomene amaryllis (ACX93722.1), Danaus plexippus 
(OWR45225.1), Lymantria monacha (AEK20808.1), Heliothis virescens (AEK20807.1), Papilio polytes (XP_013146291.1), Papilio xuthus (KPJ01774.1), Lymantria dispar 
(BAM62939.1), Mamestra brassicae (AEK20809.1), Manduca sexta (AEF30493.1), Trichoplusia ni (ACI43910.1), Chilo suppressalis (AFJ97219.1), Galleria mellonella 
(AEH76885.1). The identical amino acids are shaded in same color (a). A phylogenetic tree constructed from amino acid sequences of caspase-1 of tomato leafminer 
and various lepidopteran insects is shown. Neighbor-joining method with genetic distance was calculated. The percentages of times that species are clustered in the 
bootstrap trees (10000 replicates) are indicated by the numbers above the branches. Numbers at nodes represent bootstrap P-values (>50%). The scale bar indicates 
the number of substitutions per amino acid position. MEGA5.05 was used to analyze phylogenetic test. The amino acid sequences of caspase-1 were from Tuta 
absoluta (GenBank accession no. MH651749), Bombyx mori (NP_001037050.1), Spodoptera exigua (AEK12771.1), Plutella xylostella (ADK24087.1), Spodoptera 
frugiperda (AAC47442.1), Helicoverpa armigera (ABO93468.1), Bicyclus anynana (XP_023950371.1), Spodoptera litura (XP_022819875.1), Pieris rapae 
(XP_022117090.1), Heliconius melpomene amaryllis (ACX93722.1), Danaus plexippus (OWR45225.1), Lymantria monacha (AEK20808.1), Heliothis virescens 
(AEK20807.1), Papilio polytes (XP_013146291.1), Papilio xuthus (KPJ01774.1), Lymantria dispar (BAM62939.1), Mamestra brassicae (AEK20809.1), Manduca sexta 
(AEF30493.1), Trichoplusia ni (ACI43910.1), Chilo suppressalis (AFJ97219.1), Galleria mellonella (AEH76885.1) (b). (For interpretation of the references to color in 
this figure legend, the reader is referred to the Web version of this article.) 

Fig. 1. (continued). 
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no. AFJ97219.1; 87% identity), H. virescens (Lepidoptera: Noctuidae; 
GenBank accession no. PCG74557.1; ~85% identity), etc. This cDNA 
sequence has been set in GenBank under accession number 
MH673894.1. This sequence consists of an open reading frame of 336 nt 
(start from 231 and stop to >566 nt) encoding for 111 amino acids. The 
calculated molecular mass of the deduced protein is 12.737 KDa, with an 
isoelectric point (PI) of 6.01. The domain found by using the NCBI site 
was named CASc super-family. 

High conservation of the amino acid sequences of caspase-1 among 
different lepidopteran species shows that the transcriptome is extremely 
conserved during the evolution of these insects (Fig. 1A). 

3.2. Phylogenetic analysis 

Based on amino acid sequence alignment of a variety of lepidopteran 
species caspase-1, the phylogenetic tree was generated using MEGA5.05 
(Fig. 1B). Neighbor-joining trees were constructed using sequences 
available in GenBank and a Poisson-corrected method with a bootstrap 
test of 1000 replications. Phylogenetic analysis of proteins from insect 
species in the order of Lepidoptera showed that the Caspase-1 seemed to 
have a common ancestry to B. mori, and Bicyclus anynana (Fig. 1B). 

3.3. Effect of the dsRNAs on the gene transcriptome 

The knockdown of the caspase-1 gene of the larvae was assessed by 
qRT-PCR for three-day post-treatment using a concentration of 100 ng/ 
μ. The 24-h post-treatment results showed that the effect of dsRNA on 
the caspase gene expression was significant (P < 0.05) (the gene 
expression reduced about 68%) (Fig. 2). Also, results showed that as 
time goes by, the gene expression was recovered so that on the third day, 
the amount of the caspase gene expression was even more than that of 
control (Fig. 2). 

3.4. Effect of the dsRNAs on the larval survival and development 

The survival rate of the individuals treated by different concentra
tions of caspase-1 dsRNAs did not change significantly compared to the 
control (Fig. 3A). However, the silencing of caspase-1 caused a signifi
cant reduction in the bodyweight of the third instar larvae treated with 
different concentrations of dsRNAs (df = 3, 8; F = 30.14, P = 0.0001) 
(Fig. 3B). Nevertheless, there were not any significant differences 

between the treatments; namely, individuals treated with different 
dsRNA concentrations have almost the same bodyweight. The devel
opment period of the third instar larvae in all treatments (25, 50 and 
100 ng/μl of dsRNA) changed significantly in a dose-dependent manner 
(Fig. 3C). Thus, the high dose greatly increased the development period 
of the larvae. As the figure shows, the third instar larvae developmental 
time when they treated by 100 ng/μl of dsRNA was 2.3 times higher than 
the control development time (df = 3, 8; F = 3.95; P = 0.05) (Fig. 3C). 

The development time of the fourth instar larvae did not change 
significantly, although a trend showed that as the concentration of the 
dsRNA increased, a slight increase in development time occurred, e.g., 
the development time of untreated individual (the control) was four 
days while in the high dose treated ones were five days (Fig. 3D). Also, 
the pupal development time was not affected by dsRNA significantly. 
Pupal developmental time was evaluated to be about ten days (9.68 days 
in control and 9.5, 10.3, and 10.5 days in the treated ones when treated 
with 25, 50, and 100 ng/μl of caspase-1 dsRNA, respectively). Although 
slight changes in pupal development were seen in different treatments, 
these changes were not significant (Fig. 3E). 

The appearance of the adult individuals treated with higher con
centrations (50 and 100 ng/μl of caspase-1 dsRNA) was much fewer than 
those of control and the other two treatments (df = 3, 8; F = 4.20; P =
0.046) (Fig. 3F). The adult survival affected by treatments since the 
mortality of the adults treated with a higher concentration (100 ng/μl of 
the dsRNA) was much more than the control and the other two 
treatments. 

4. Discussion 

In the current study, caspase-1 was considered as a target for 
silencing in T. absoluta using RNAi technique. Therefore, RNA extraction 
and construction of cDNA were done using the third instar larvae. After 
doing sequences alignment based on a non-redundant database in the 
NCBI blastx, the e-values, and high percent identity between our 
sequence and the other lepidopteran genes, declared that the gene was 
caspase-1. Also, according to Fig. 1A, there was high conservation be
tween the amino acid sequence of this gene and different lepidopteran 
species caspase-1. The only domain found in the T. absoluta caspase-1 
deduced amino acid was CASc super-family. Zhuang et al. (2011) after 
analyzing the deduced amino acid of Plutella xylostella caspase-1 using 
SMART (http://smart.embl-heidelberg.de/), detected a big CASc 
domain as a proenzyme. Also, this protein possessed two domain pro
files, caspase-p20 (position 61–184) and caspase-p10 (position 
203–298) based on the SIB (http://exPasy.org/prosite) analysis. Thus, 
these two big and small catalytic domains in our sequence were in the 
position 34–157 (caspase-p20) and 176–213 (caspase-p10). Similarly, It 
had His and Cys, as two distinct amino acid residues essential for caspase 
enzyme catalytic site and this case was suggested for Hearm caspase-1 
from H. armigera (Yang et al., 2008), P. xylostella caspase-1 (Zhuang 
et al., 2011), Drosophila drICE (Fraser and Evan, 1997), and human 
Mch4 caspase-8 (Fernandes-Alnemri et al., 1996). 

In this study, the quantitative caspase-1 gene expression was exam
ined on the treated and untreated third instar larvae. Studies by Wang 
et al. (2017) showed that the mRNA level of this gene was expressed in 
all stages of B. mori, including egg, larval instars, pupae, and adult moth. 
Also, they showed that caspase-1 existed in all of the surveyed tissues 
comprising integument, head, silk gland, midgut, trachea, fat body, and 
hemocytes. 

The role of caspase-1 in growth, development, and metamorphosis 
has been demonstrated in S. frugiperda (Ahmad et al., 1997), S. littoralis 
(Liu and Chejanovsky, 2005), H. virescens (Parthasarathy and Palli, 
2007) and H. armigera (Yang et al., 2008). Furthermore, the expression 
of caspase-1 could be up-regulated by hormones participating in 
development and metamorphosis, like ecdysone (H. Liu et al., 2020). 

In the caspase-1 dsRNA, the gene knockdown level reduced as time 
passed over after treatment. Indeed, the lowest amount of the gene 

Fig. 2. Three days relative expression of caspase-1 gene in T. absoluta larvae 
were assessed after application of caspase-1 dsRNA. 18S ribosomal RNA gene 
(18S rRNA) was used as an internal reference gene. The relative expression was 
evaluated according to the value of the lowest expression which was attributed 
to an arbitrary value of 1. Ct values were first normalized to the endogenous 
control gene (18S rRNA), followed by normalization to the control without 
treatment using the 2− ΔΔCt method. Each kinetic point was performed in trip
licate. An asterisk indicates a significant difference (P < 0.01) according to the 
iteration test (Rest 2009 Software). The values represent averages with vertical 
bars indicating SE. 
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expression was observed at 24 h-post treatment, while on the third day, 
the greatest amount of the gene expression was observed, indicating as 
time passed by, the gene recovery was more. The recovery of the gene 
expression was the reason why there was not any significant mortality 
when caspase-1 dsRNA was utilized in the assays. However, some bio
logical parameters affected, to some extent showing some effect of the 
dsRNA on the insect. 

Also, studies are showing that for the efficacy of RNAi apparatus, 
dsRNA constructs didn’t need to have a systemic effect. For example, 
Amiri et al. (2020) showed that gluten hydrolase expression profile in 
the gut and the salivary glands of the sunn pest, Eurygaster integriceps was 
reduced 6 h after injection of the dsRNA. However, the gene knockdown 
was not persistent because nuclease enzyme existence in the hemolymph 
plasma could degrade dsRNA in the hemocoel (Garbutt et al., 2013). 
Therefore, the expression level was recovered after 21 h post-treatment. 
Nevertheless, the mortality of the sunn pest after this time (21 h 
post-injection) was more than 65% in both nymphs and adults. Also, Cao 
et al. (2018) showed that injection of 30 ng v- ATPase dsRNA in Acyr
thosiphon pisum caused 77% mortality during 7 days post-treatment. 

However, the gene expression level was transient and decreased only 
24 h post-injection. 

One of the most important factors responsible for RNAi efficacy 
(specially in pest management) is the stability of dsRNA in the envi
ronment and in the insect body (Christiaens et al., 2020). Garbutt et al. 
(2013) illustrated that in Manduca sexta, dsRNA vanished in the hemo
lymph after 3 h of incubation. However, in Blattella germanica, dsRNA 
persisted in the hemolymph plasma after 24 h post-incubation. They 
concluded that the short persistence of dsRNA was due to the effect of a 
metal-dependent nuclease enzyme, which was responsible for dsRNA 
degradation in the hemolymph (Garbutt et al., 2013). Also, digestive 
nucleases can impact RNAi efficacy when dsRNA is ingested by the in
sect through an oral treatment. Giesbrecht et al. (2020) found that when 
two midgut-specific nucleases of Aedes aegypti were knocked-down, 
silencing efficiency increased compared to the control harboring 
digestive nucleases. Since the rate of degradation of dsRNA is varied 
among different insect species, it could explain the differing suscepti
bilities of insects to RNAi. 

In the current study, topically applied caspase-1 dsRNAs significantly 

Fig. 3. The survival percentage of T. absoluta treated by different concentrations of caspase-1 dsRNA (25, 50 and 100 ng/μl) (a). The mean body weight (g) of the 
third instar larvae of T. absoluta treated by 25, 50 and 100 ng/μl of caspase-1 dsRNA (b). The development time of the third (c), and fourth instar larvae (d) and pupae 
(e) of T. absoluta treated by 25, 50 and 100 ng/μl of caspase-1 dsRNA. The appearance of the adult individuals treated by 25, 50 and 100 ng/μl of caspase-1 dsRNA (f). 
All tests are done according to Tukey test (Different letters indicate a significant difference in the level of P < 0.05). 
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affected the development time and the bodyweight of the third instar 
larvae and adult emergence. These findings were in accordance with the 
studies of Bento et al. (2020) who demonstrated that the larval cycle of 
T. absoluta was significantly affected when fed on a diet containing 
Escherichia coli HT115(DE3) expressing dsRNAs constructed for juvenile 
hormone epoxide hydrolase protein, ecdysteroid 25-hydroxylase, and 
carboxylesterase. However, there were no considerable changes in the 
weight of the pupae in all treatments. Mamta et al. (2016) illustrated 
that chitinase silencing in H. armigera larvae fed continuously with 
several RNAi tobacco and tomato lines, lead to reduce larval weight and 
increase the developmental time. Amiri et al. (2020) showed that the 
Sunn pest gluten hydrolase gene knockdown using a topical assay of the 
different concentrations of the dsRNA, reduced the fifth instar nymphal 
stage duration in a dose-dependent manner. 

A major drawback in silencing target genes is the delivery of dsRNAs 
(Yamamoto-Hino and Goto, 2013). One of the well-organized methods 
for the practical application of RNAi technique in insects is the oral 
delivery of dsRNA. Camargo et al. (2016) used two methods to deliver 
dsRNA to T. absoluta larvae. In the first approach, they delivered the 
dsRNAs into tomato leaflets and in the second one, a system based on 
’’in planta-induced transient gene silencing’’ was applied. Furthermore, 
injecting dsRNA into the insect body has high efficiency in the silencing 
of gene expression (Katoch et al., 2013). In this way, the exact amount of 
dsRNA can deliver immediately into the hemolymph and get to the 
target tissue easily (Yu et al., 2013). Majidiani et al. (2019) indicated 
that during the injection procedure, the dsRNAs could reduce the tran
script levels of the T. absoluta targeted genes in a range of about 63–75% 
and caused 92% mortality at a maximum rate. In the current study, we 
treated the tomato leaf-miner with the dsRNAs using the topical appli
cation as a delivery method. There is some evidence that topically 
applied dsRNAs could lead to gene expression inhibition. Wang et al. 
(2011) showed that direct spray of dsRNAs constructed for DS10 and 
DS28 genes were effective on newly hatched Ostrinia furnalalis larvae 
proposing that dsRNA could penetrate the lepidopteran larvae integu
ment and could affect larval development and survivorship. 

5. Conclusion 

The current study showed that the results of the RNA interfering 
mechanism against caspase-1 had, to some extent, adverse effects on the 
biology of the tomato leaf-miner, T. absoluta. These effects were the 
reduction of the larval body weight, the decline in the appearance of 
adult individuals, delay in the insect growth and development, as well as 
reduction of the gene transcripts showing the gene silencing. However, 
though the gene silencing was not persistent over time, showing 
promising results that RNAi techniques could be used in the IPM pro
grams in order to combat the tomato leaf-miner in the agriculture 
systems. 
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