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Abstract
Background  Normalization with respect to stable housekeeping genes is important to facilitate gene transcription regulation 
research and acquire more accurate quantitative polymerase chain reaction (qPCR) data. In the current study, five candidates 
housekeeping genes of the cotton leafworm, Spodoptera littoralis encoding for Actin (Actin), elongation factor 1-alpha 
(EF1α), ribosomal protein S3 (RPS3), ribosomal protein 49 (RP49), and Ubiquitin (Ubi), were evaluated as normalization 
housekeeping genes under Spodoptera littoralis nucleopolyhedrovirus (SpliNPV) viral infection.
Methods and Results  The qPCR results confirmed the expression of all five housekeeping genes in S. littoralis viral infected 
larvae. The expression profiles of the housekeeping genes showed that the EF1α, Actin, and RP49 had the minimum average 
Ct values of 18.41 ± 0.66, 18.84 ± 0.90 and 19.01 ± 0.87 in all infected samples, respectively. While RPS3 and Ubi showed the 
maximum average Ct of 21.61 ± 0.51 and 21.11 ± 0.82, respectively. According to the results of ΔCt and geNorm analysis, 
EF1α was ranked as the most stable housekeeping gene during infection time-course. While by using BestKeeper, geNorm 
and NormFinder, the Ubi, RP49, and RPS3 showed the most genes transcription stability. The obtained results were also 
validated using the Cytochrome c oxidase (COX) gene transcripts in response to SpliNPV infection.
Conclusions  The results revealed that EF1α and Ubi were the most stable housekeeping genes to be used for normalizing 
S. littoralis gene transcription regulation under SpliNPV infection. These findings, provide a significant addition for gene 
transcription regulation studies of S. littoralis upon infection using SpliNPV as a bio-agent.
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Introduction

The Egyptian cotton leafworm, Spodoptera littoralis, 
(Boisd.)( (Lep.: Noctuidae) is one of the most devastat-
ing polyphagous pests across Africa and the Middle East 

[1]. More than 60 different cultivated and wild plants are 
attacked by Egyptian cotton leafworm larvae in Egypt, 
with cotton, clover, maize, wheat, rice, and barley being 
the most commonly attacked plants [2, 3]. The damage 
that happened to cotton plants through this species is 
most severe and prevalent in North Africa, particularly 
in Egypt [4]. A pest's biological traits, such as its ability 
to identify hosts and detoxify, are strongly linked to the 
damage it can cause. Spodoptera species are often able 
to feed on a wide range of plants that serve as hosts in a 
variety of environmental conditions. They are therefore 
regarded as biological models in the research of host and 
ecological adaptation [5]. Gene expression is the essential 
manner and is used to study the adaptation mechanisms 
of insects to different environmental conditions [6]. Quan-
titative real-time PCR (qRT-PCR), is considered to be a 
reliable, measure and evaluate changes in gene expression 
[7–9]. Because of its high sensitivity, the qRT-PCR can 
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detect changes at a very low level of gene transcription 
[10, 11]. This technique has been extensively used in dif-
ferent fields, such as biotechnology & basic and applied 
research [12]. Furthermore, it has developed the advance-
ment of biomedical research and gained comparable sig-
nificance in the field of entomology [13]. Although this 
powerful technique has many advantages such as simple 
operation, ease of analysis, high sensitivity, specificity, 
accuracy, reproducibility, rapidity, and reliability [14, 15], 
many factors can cause systematic errors and influence the 
accuracy and quality of qRT-PCR results such as integrity, 
and purity of total RNA. Furthermore, pipetting errors, 
PCR program, primer design, and the efficiency of the 
reverse transcriptase can add technical variability to the 
obtained data [16–18]. In addition, because housekeep-
ing genes serve as internal controls for normalizing gene 
transcription regulation upon qRT-PCR utilization, it is 
crucial to use relevant and reliable housekeeping genes 
[17, 19]. Hence, housekeeping gene expression level needs 
to remain constant across many treatments and/or tissue 
types [20]. The perfect housekeeping genes should have 
relatively stable expression in various tissues and be unaf-
fected by changes in different environmental and experi-
mental conditions [21, 22]. Several studies have displayed 
that the common housekeeping genes differ in their expres-
sion among diverse species or under different experimental 
conditions [23, 24]. In insects, numerous studies have been 
performed to assess and validate the optimal housekeep-
ing genes upon exposure to different biotic and abiotic 
stresses [25]. It is well known that, standardizing experi-
mental data with two or more housekeeping genes might 
further get better accuracy and be recommended [26, 27]. 
Actually, there is none of the housekeeping genes is appli-
cable to all gene expression analyses which makes q-PCR 
analysis slightly difficult [28, 29]. Furthermore, variations 
in gene expression frequently indicate physiologically sig-
nificant changes in various insect phases of development 
and tissues alteration [30]. Hence, determining the most 
stable housekeeping genes under different experimen-
tal conditions and/ or different developmental stages is 
crucial in order to assess gene transcription regulation in 
an accurate and reliable way [31]. In the same context, 
Cytochrome c oxidase (COX) plays a crucial role in the 
host defense mechanism of insects, where it is involved in 
the activation of apoptosis in response to environmental 
stressors. Notably, some Lepidopterans have evolved to 
rely on the mitochondrial apoptosis pathway as a means 
of protecting themselves against external viral infections 
[32–34]. As a pathogen of the Egyptian cotton leaf worm 
S. littoralis, Spodoptera littoralis multiple nucleopolyhe-
drovirus (SpliMNPV) is a member of the Baculoviridae 
family of insect-specific DNA viruses that pose a serious 
threat to their insect hosts, which showed to be efficient 

and environmentally safe bio-control agent for the control 
of S. littoralis population [35].

In this study, five candidates housekeeping genes of S. 
littoralis were selected and their expression stabilities were 
evaluated upon viral infection using SpliNPV in time inter-
val experiments. Hence, the objectives of the current study 
are to detect the appropriate housekeeping genes for qRT-
PCR analysis using of S. littoralis as a biological model 
under viral infection conditions, which might be stringent for 
confirming the precision of target gene transcription regula-
tion analyses. Moreover, to validate the selected reference 
genes, the expression profile of target gene cytochrome c 
oxidase (COX) was investigated.

Material and methods

Insect and virus

Larvae of the cotton leafworm, S. littoralis were obtained 
from the rearing facility of the Agricultural Genetic Engi-
neering Research Institute, Agriculture Research Center. 
Larvae rearing were performed using semi- artificial diet 
previously reported by Martins et al. [35] using 26 °C and 
65% RH. The S. littoralis 4th instars larval were used for 
virus treatment. The nucleopolyhedrovirus used in this study 
is the SpliNPV-AN1956 isolate [36].

Treatments and sample collection

Early 4th instar larval of S. littoralis were placed in plastic 
cups with small piece of insect medium inoculated with 104 
of SpliNPV virus Occlusion Bodies (OBs). One day later, 
the larvae were transferred to virus-free medium and sub-
sequently reared at 26 °C until larvae death of viral infec-
tion. The gut tissue of treated larvae was extracted in a time 
interval manner at 12, 24, 48 and 72 h post infection (hpi), 
rinsed in Phosphate-Buffered Saline (PBS), dissected in liq-
uid nitrogen and stored at − 80°C until use. Diet mixed with 
water instead of SpliNPV virus OBs suspension was used 
as a negative control (non-infected larvae). Non-infected 
larvae were sampled at 48 h post treatment to avoid viral 
cross contamination. Twenty 4th instar larvae were used for 
each treatment.

Total RNA isolation and cDNA synthesis

Total RNA was extracted from 3 pooled guts tissue, con-
trol and all-time interval, using TRIzol reagent following 
the recommended procedures (ThermoFisher, USA), then 
total RNA was treated using RNase-free DNase I (Ther-
moFisher, USA) to get rid of genomic DNA contamina-
tion. RNA presence and integrity was checked using 1.0% 
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agarose gel electrophoresis and quantified by NanoDrop 
2000 Spectrophotometer (Thermo Scientific, MA, USA). 
The first strand of cDNA was synthesized from 1.2 μg of 
total RNA with RevertAid First Strand cDNA Synthesis 
kit reverse transcriptase according to the manufacturer’s 
instruction (ThermoFisher, USA). The synthesized cDNA 
was diluted 1:10 times before use as a template in qPCR 
analysis.

RT‑PCR of polyhedrin gene

The synthesized first-strand cDNA was amplified by PCR 
using set of specific primers, named Polh560_F (5′-ATC​
TGG​GCA​AAA​CCT​ATG​TAT-3′) and Polh560_R (CTT​
GGC​GAG​ACT​GAT​GCG​GTA​TTC​) designed based on 
genome sequence of SpliMNPV-AN1956 isolate (acces-
sion no. YP_009505893). These primers were used to par-
tially amplify a polyhedrin gene fragment of about 560 bp. 
A typical PCR program was used as follow; incubation 
for 3 min at 95 °C, 30 cycles of 95 °C for 30 s, 56 °C 
for 45 s and at 72 °C for 45 s. The PCR amplicon was 

electrophoresed in 1% agarose gel and visualized using 
UV-transilluminator.

Selection of candidate housekeeping gene 
and primer design

Five genes, Actin, EF1, RPS3, RP49, and Ubi were selected 
as the candidate housekeeping genes for expression stabil-
ity in S. littoralis during SpliNPV infection. Primers used 
for Actin, RPS3, RP49, and Ubi qPCR analysis have been 
designed in previous studies (Table 1) [37–39]. On the other 
hand, information regarding the primer used for the EF1α 
and COX (Normalization analysis) have been published by 
NCBI and designed using the PrimerQuest Tool (https://​
www.​idtdna.​com/​Prime​rQuest/​Home/​Index) (Table 1).

Quantitative Real‑time PCR (qPCR)

Quantitative PCR of the selected genes was assessed by 
an Agilent Stratagene Mx3005p real-time PCR detection 
system. PCR reactions were conducted in a total reaction 
volume of 20 μl. Each reaction contained 10 μl of SYBR™ 
Green PCR Master Mix (ThermoFisher, USA), 0.3 μl of 

Table 1   Primers used for qPCR amplification of housekeeping genes

Gene name Gene Symbol Accession Primer name Primer sequences 
(5’-3’)

Product 
length 
(bp)

Primer 
efficiency 
(%)

R2 References

β-actin ACT​ Z46873 Spl-Actin-F GCG​TCG​CCC​CTG​
AGG​AAC​AC

100 95.8 0.995 [36]

Spl-Actin-R CGA​CGT​ACA​TGG​
CGG​GGG​AG

Elongation factor 
1-alpha

EF1α KP682697.1 Spl- EF1α -F CTG​GTG​ACT​CCA​
AGA​ACA​AC

100 92.4 0.989 This study

Spl-EF1α -R GGT​GTG​TAT​CCG​
TTT​GAG​ATT​

Ubiquitin UBI AY149883, 
AF400203

Spl- Ubi—F CAA​AGA​TCC​AGG​
ACA​AAG​AGG​
GAA​TCC​

80 110 0.997 [36]

Spl- Ubi—R CAG​GTT​GTT​GGT​
GTG​TCC​ACA​CTT​
GG

Ribosomal protein 49 RP49 AY971345 Spl-Rp49-F AGG​TAT​TGA​CAA​
CAG​GGT​GCG​

71 100 0.987 [34] [35]

Spl-Rp49-R GGT​AGC​ATG​TGA​
CGG​GTC​TTC​

Ribosomal protein S3 RPS3 AF429976, U12708, 
NM_001043788

Spl-RpS3-F CCA​GGC​CGA​GTC​
TCT​CAG​ATAC​

70 105 0.987 [34] [35]

Spl-RpS3-F CTC​CAG​ATT​CCA​
TGA​TGA​AACG​

Cytochrome c oxidase COX XM_022966831 COX-F GTT​GTT​GCA​AGG​
ATT​CAT​CTC​

82 95.8 0.977 This study

COX-R CAC​TCG​CTC​AAG​
CAA​TCT​
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each primer at a concentration of 10 μM, 1 μl (1:10 diluted 
cDNA), and water up to 20 μl total volume. The following 
program was performed for PCR amplification as follow: 
95 °C for 10 min, followed by 45 cycles at 95 °C for 3 s and 
60 °C for 30 s, and ending with a melting-curve step.

Using a four-fold dilution series of cDNA as the template, 
standard curves were created for each primer based on the 
linear regression model. Three biological and three tech-
nical replicates were used for the qPCR analyses for each 
experiment. To ensure the specificity of the amplifications, 
melting curve analysis was performed and non-template 
samples were employed as negative controls. All samples 
for each housekeeping gene were run on the same plate to 
avoid between-run variations.

Estimation of COX gene expression

The relative expression levels of the COX gene were exam-
ined to verify the chosen housekeeping genes. In order to 
assess the impact of various normalization approaches, the 
COX gene expression was normalized using the 2^ − ΔΔCt 
method on each of the three chosen housekeeping genes 
separately [40]. A calibrator sample (expression = 1) was 
performed using non-infected insect larvae.

Statistical analysis

Each gene's cycle threshold (Ct) value across all samples 
was performed via qPCR and the five evaluation approaches 
of RefFinder [41], DeltaCT [42], BestKeeper [43], geNorm 
[18], and Norm Finder [44], were applied to evaluate sta-
bility of each gene expression. These various approaches 
concentrate on various elements. RefFinder, accessible at 
http://​www.​leonx​ie.​com/​refer​enceg​ene.​php, was employed 
to generate a comprehensive ranking based on the stability 
evaluation of housekeeping genes. It integrates the results 
obtained from the four aforementioned software tools. In the 
Delta CT method, housekeeping gene stability is evaluated 
by comparing the relative expression of pairs of genes within 
each sample. Another algorithm used for housekeeping gene 
stability assessment is BestKeeper, which calculates gene 
stability based on primer amplification efficiency and the 
Ct-values of housekeeping genes. GeNorm was employed 
to assess the stability of potential housekeeping genes and 
establish the optimal number of housekeeping genes for 
RT-qPCR. The algorithm places significant importance on 
housekeeping genes with the lowest Ct value, and the value 
(M) of stability calculated by geNorm is employed to evalu-
ate the housekeeping genes stability. Moreover, NormFinder 
identifies the most suitable housekeeping genes for normali-
zation by directly measuring expression variation and con-
firming their stability. Target gene mRNA transcription was 
analyzed using one-way analysis of variance (ANOVA) and 

the significant differences between means were compared 
using Duncan’s multiple range test at P < 0.05.

Results

RT-PCR and quantitative real-time RT-PCR were applied 
using cDNA synthesized from total RNA extracted from 
pooled larval midguts of three fourth instars S. littoralis 
larvae infected with SpliNPV. Using polyhedrin specific 
primers, a single band of 560 bp was detected correspond-
ing to the polyhedrin gene in all time intervals but not by 
non-infected larvae, suggested the successful viral infection 
of S. littoralis larvae (Fig. 1).

Specificity of the candidate housekeeping 
genes

The qPCR results confirmed the expression of all five house-
keeping genes in S. littoralis samples. Specificity of house-
keeping genes amplification was validated by the presence 
of only one single peak and the absence of primer dimer 
peaks upon melting curve analysis (Fig. 2A-F). In this study, 
four-point standard curves were created using established 
RNA concentrations to evaluate amplification effectiveness. 
All housekeeping genes were tested for amplification effi-
ciencies to determine their stability during gene expression 
analyses, with primers efficiency values ranging from 92.4% 
to 110% (Table 1).

Expression profiles of housekeeping genes

The five selected housekeeping genes of EF1, Actin, 
Ubi, RP49, and RPS3 were utilized to evaluate their 
expression profile upon SpliNPV infection. As shown 
in (Fig.  3), the Ct values for all housekeeping genes 

Fig. 1   RT-PCR representing a fragment of of 560 bp coresponding 
to partial amplification of polyhedrin gene of SpliNPV-AN1956. M: 
1kb ladder. RT-PCR -ve: negative control of RT-PCR. Time course 
of viral infection represents SpliNPV-infected larvae at 12, 24, 48 and 
72 hpi. (hpi): hours post infection
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evaluated during a time course of viral infection ranged 
from 17.71 to 22.21. The EF1, Actin, and RP49 house-
keeping genes had the minimum Ct values average of 
18.41 ± 0.66, 18.84 ± 0.90 and 19.01 ± 0.87, respectively. 
While RPS3 and Ubi  showed the maximum Ct values 
average of 21.61 ± 0.51 and 21.11 ± 0.82, respectively. 

The transcription profiles of the housekeeping genes in 
all time interval showed significant variation. The qPCR 
analysis showed that the Ct values for all housekeeping 
genes ranged from 17.93 to 19.72, 17.71 to 19.04, 18.11 
to 19.86, 21.10 to 22.10 and 20.25 to 21.92 for Actin, EF1, 
RP49, RPS3 and Ubi, respectively (Fig. 3).

Determine of gene transcription stability

To analyze the expression stability of the five housekeep-
ing genes in stages under SpliNPV infection of S. littora-
lis, the five algorithms of ΔCt, RefFinder, geNorm, Nor-
mFinder, and BestKeeper were used. According to the 
results of ΔCt and geNorm analysis, EF1 was ranked as 
the most stable housekeeping gene during infection times, 
while the analysis showed that Ubi, RP49, and RPS3 were 
the most stable genes using geNorm, NormFinder, and 
BestKeeper analyses. The following order was displayed 
by RefFinder's stability rankings: EF1 > Ubi > RPS3 > RP
49 > Actin. Generally, the results of the various algorithms 
verified that EF1 and Ubi exhibited more stable expres-
sion. However, under SpliNPV infection of S. littoralis 
larvae, Actin and RP49 were consistently regarded as the 
lowest stable genes in various time intervals (Fig. 4 A-E).

Fig. 2   The melting curve of qPCR analysis. Specificity of qPCR 
amplification and the melting curve of the five reference genes A 
Actin, B EF1, C Ubi, D RP49, and E RPS3 genes and F COX gene 

used for normalization analysis showed one single peak as a T melt-
ing point for each housekeeping gene

Fig. 3   Variations in cycle threshold (Ct) values of each reference 
gene. Ct values for all housekeeping genes under study were evalu-
ated during a time course of SpliNPV viral infection at 12, 24, 48 and 
72 hpi. Symbol for each gene chart is located to the right. The whisk-
ers represent the minimum and maximum values
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Determining the expression of COX in response 
to viral infection

To further assess the reliability of the most stable housekeep-
ing genes (EF1 and Ubi) and the least stable gene (Actin), we 
selected the Cytochrome c oxidase (COX) gene for qPCR 
normalization analysis. This selection was validated using 
different methods; ΔCt, RefFinder, geNorm, NormFinder, 
and BestKeeper, as previously described (Fig.  5). The 

transcription level of COX was not significantly different at 
12- and 24-h post-infection (h.p.i.) when EF1 was used as a 
housekeeping gene for normalization, compared to the con-
trol. However, when Ubi was used for normalization at 24 
h.p.i, COX expression was significantly decreased compared 
to the control. However, when Ubi was used for normaliza-
tion at 24 h.p.i, COX expression decreased compared to the 
control. At 48 h.p.i., COX expression was similarly down-
regulated compared to the control when Actin, EF1, and Ubi 

Fig. 4   A column chart rep-
resenting average expression 
stability values of candidate 
reference genes (Actin, RP49, 
Ubi, EF1 and RPS3) of S. lit-
toralis under SpliNPV infection 
using different algorithms A 
ΔCt, B RefFinder, C geNorm, 
D NormFinder, and E Best-
Keeper
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were used as housekeeping genes. We also observed a slight 
reduction in COX expression patterns at 72 h.p.i. when EF1 
and Ubi were used for normalization. Notably, at 12 h.p.i., 
COX expression was significantly upregulated when Actin 
was used as housekeeping gene, while EF1 and Ubi showed 
no significant changes compared to the control at the same 
time of infection. Hence, these results suggested that Actin 
may not be suitable gene for normalization analysis due to 
its instability.

Discussion

Due to its fast rate of reproduction and significant crop 
losses, the cotton leafworm, S. littoralis, is considered as 
one of the most damaging insect pests worldwide. The most 
popular molecular method for examining target gene mRNA 
expression patterns and confirming RNA interference effec-
tiveness is qPCR, which were extensively employed in S. 
littoralis studies [45]. The primary challenge with qPCR lies 
in selecting the most stable housekeeping gene (s). No single 
gene consistently exhibits stable expression in insects across 
various stresses, including different developmental stages, 
tissues, temperatures, and exposure to pesticides [46]. Con-
sequently, it is highly important to confirm the housekeeping 
genes' expression stability prior to conducting qPCR tests. 
This study was conducted in order to assess the suitable 
housekeeping genes of the cotton leafworm S. littoralis 
for RT-qPCR investigation under viral infection stress. For 
this, and in order to define the most stable and representable 
housekeeping gene, five candidate housekeeping genes of 
S. littoralis encoding for Actin (Actin), elongation factor 
1-alpha (EF1 α), ribosomal protein S3 (RPS3), ribosomal 

protein 49 (RP49), and Ubiquitin (Ubi), were selected. The 
expression stability of the candidate genes was determined 
using S. littoralis SpliNPV-infected larvae in a time interval 
infection experiment ranged from 12 to 72 hpi.

For this, five alternative algorithms (ΔCt, BestKeeper, 
geNorm, NormFinder, and RefFinder) that are commonly 
used for evaluating the expression stability of housekeep-
ing genes in insects, were utilized to assess the given data 
[46, 47]. Furthermore, the stability of these housekeeping 
genes' expression under various SpliNPV infection time 
interval was assessed, and the best housekeeping gene 
(s) were suggested. The obtained results showed that the 
order sequence of the five housekeeping genes shown to 
be differed within the various experimental conditions. 
EF1α and Ubi were determined to be the most stable house-
keeping genes, while Actin and RP49 exhibited the least sta-
bility.

To the best of our knowledge, the current study represents 
the first study to evaluate the stability of a set of house-
keeping genes expression in S. littoralis under baculovirus 
infection.

Overall, the results from the various algorithms indicated 
that, under SpliNPV infection of S. littoralis, EF1 and Ubi 
showed more stable transcription, while Actin and RP49 
were consistently thought to be the lowest stable genes at 
all time interval.

Out of the five housekeeping genes, Ubi and EF1α were 
the most suitable housekeeping genes for normalizing the 
transcripts from baculovirus-infected S. littoralis. The tran-
scription elongation factors (EF1 α) and Ubiquitin (Ubi) 
are frequently used as a housekeeping gene. The EF1 α is 
considered as highly conserved gene with its ability to com-
bine with RNA polymerase and ensure effective transcrip-
tion across the nucleosome [48]. Among the top 10 most 
commonly used housekeeping genes, EF1α was one of the 
most commonly used housekeeping genes for normalization 
of qPCR data with respect to its stability in lepidopteran 
insects under various situations [49]. The EF1α was identi-
fied as the most stable gene for different insect developmen-
tal stages, such as; Sesamia inferens, Spodoptera exigua, 
and Danaus plexippus [21, 50, 51]. In addition to EF2 for 
Thitarodes armoricanus and EF1-β for Phenacoccus sole-
nopsis [49, 50]. The stability of EF1α was also reported 
for Mythimna separata using different tissue, in addition to 
EF2 and EIF4A for samples of Thitarodes armoricanus upon 
fungal infections [51, 52]. Hence, in the current study, the 
obtained results showed that out of the candidate house-
keeping genes, EF1α ranked as the most stable genes of S. 
littoralis, under baculovirus infection stress.

An another highly conserved protein is Ubiquitin, which 
has homologous protein sequences in all animals and is con-
served in all eukaryote cells [51]. The Ubi tagging directs the 
movement of important proteins in the cell, for proteolytic 

Fig. 5   A column chart showing normalized expression of the COX 
gene at different time-interval upon SpliNPV infection of S. littora-
lis using validated reference genes (Actin, EF1, and Ubi). Results are 
represented as mean ± SD. Different letters (a, b) show the statistical 
difference (P < 0.05) among the normalization strategies. Biological 
replicates n = 3
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degradation especially by a proteasome. In the current study, 
Ubi found to be the most stably expressed genes in the dif-
ferent developmental stages under viral infection-stressed 
larvae. The results showed that, Ubi was identified as the 
most stable expressed protein in geNorm, NormFinder, and 
BestKeeper analyses in conjugation with RP49, and RPS3. 
Analysis of the expression profile of Ubi showed that it has 
the maximum average Ct values in most time-interval. This 
in accordance with southern corn rootworm in which Ubi 
exhibited the highest Ct values for all treatments [53]. On the 
other hand, a study in brown marmorated stink bug (BMSB) 
to identify the best genes to be used as a housekeeping in 
qPCR, across dsRNA treatments in nymphs and adults of 
BMSB, Ubiquitin showed lower variation in its Ct values 
when compared to other common housekeeping genes such 
as EF1-β and β-Tubulin. Hence, Ubi might be the most sta-
ble and reliable gene to target during insect developmental 
phases [54]. In order to validate the candidate housekeeping 
genes, expression of COX in response to SpliNPV infec-
tion was determined using the most stable housekeeping 
genes (EF1 and Ubi) and the most unstable gene (Actin), 
using algorithms ΔCt, RefFinder, geNorm, NormFinder, 
and BestKeeper as mentioned before. The validation using 
COX gene confirmed the obtained results, as the COX gene 
expressions over time were consistent when using the two 
most stable housekeeping genes for the normalization (EF1 
and Ubi), while it was different when using the less stable 
housekeeping gene (actin). This indicates that the Actin 
gene may not be suitable for normalization analysis due to 
its instability upon SpliNPV infection. In different studies, 
a single housekeeping gene was suggested to standardize 
the obtained results of qPCR. However, different studies on 
housekeeping genes stability elucidated that more than one 
housekeeping genes normally used to avoid incorrect results. 
Furthermore, utilizing multiple housekeeping genes enhance 
the normalization of qPCR results [55]. Hence, define the 
suitable number of housekeeping genes in qPCR studies is 
highly recommended. Q-PCR are in general acknowledged 
and broadly used in different biological species, including 
both animals and plants [56]. Likewise, additional research 
is required to assess the stability of housekeeping gene 
expression in insects, particularly lepidopterans.

Conclusion

The expression profile analysis of five candidate housekeep-
ing genes; EF1α, Actin, RPS3, RP49, and Ubi of S. littoralis 
under SpliNPV infection were carried out by qPCR and the 
transcription regulation stability were analyzed by five dif-
ferent algorithms (ΔCt, BestKeeper, geNorm, NormFinder, 
and RefFinder). Out of the five housekeeping genes ana-
lyzed, Ubi and EF1α were the most stable housekeeping 

genes for gene transcription normalization of S. littoralis 
under SpliNPV infection. These results also were validated 
using the COX gene transcription in response to SpliNPV 
infection. The current study provides an important funda-
mental step toward establishment of qPCR for normaliz-
ing S. littoralis gene transcription analysis under SpliNPV 
infection, which lays the foundation in the future for more 
research taking into consideration these results.
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