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Abstract

RNA interference (RNAI) represents a promising strategy for species-specific pest control by selectively silenc-
ing essential genes. The pea aphid, Acyrthosiphon pisum, is a major agricultural pest that reduces legume
crop productivity and transmits plant pathogens, while current control methods rely heavily on insecticides
with environmental and ecological drawbacks. In this study, the gene TOR1A, which encodes the AAA+ ATPase
TorsinA involved in protein folding and endoplasmic reticulum-associated protein quality control, was evalu-
ated as a target for RNAi-mediated mortality. Double-stranded RNA (dsRNA) targeting TOR1A was synthesized
and delivered to adult aphids via an artificial feeding assay at concentrations of 0.1 pg/uL and 1.0 pg/pL.
Survival was monitored at 6-hour intervals and analyzed using Kaplan meier survival curves with statistical
comparisons performed using the mantel cox (log-rank) test.

Both dsRNA treatment groups exhibited significantly reduced survival relative to untreated controls, with a
clear dose-dependent effect. The 0.1 ug/uL treatment produced a modest but significant increase in mortal-
ity (p=0.0136), whereas the 1.0 pg/uL treatment resulted in a markedly accelerated mortality rate (p=3.23 x
10*%). Direct comparison between treatment groups confirmed a significant difference in survival (p=2.28 x
108). Hazard ratio analysis further supported these findings, with the 0.1 pug/uL treatment yielding a Hazard
Ratio (HR) of 1.85 (95% Cl:1.14-3.01) and the 1.0 pug/pL treatment yielding an HR of 8.46 (95% Cl: 4.87-14.68)
relative to control, while comparison between treatments produced an HR of 4.31 (95% Cl: 2.58-7.20).
These results demonstrate that disruption of TOR1A significantly impairs survival in A. pisum, likely through
accumulation of misfolded proteins, induction of endoplasmic reticulum stress and activation of apoptot-
ic pathways. The strong dose-dependent response highlights TOR1A as a robust and effective RNAI target.
This study provides further evidence that targeting protein homeostasis pathways is a viable and selective
approach for aphid control and supports the development of RNAi-based strategies as alternatives to conven-
tional insecticides.
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alternative because it can be directed toward species-relevant
molecular targets [4,5].

INTRODUCTION

The pea aphid, Acyrthosiphon pisum, is a sap-feeding pest of

legume crops and can reduce plant vigor, diminish yield and
contribute to disease spread [1,2]. Although insecticides re-
main a common control strategy, their use can adversely affect
non-target organisms and the surrounding environment [3]. Ri-
bonucleic Acid (RNA) interference (RNAI) provides an attractive

This study focused on TOR1A, which encodes TorsinA, a protein
involved in protein folding, stabilization and handling of mis-
folded proteins [6-9]. Disruption of these processes is expected
to impair protein homeostasis, increase cellular stress and ul-
timately reduce organismal survival [10,11]. We hypothesized
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that delivery of TOR1A dsRNA to adult aphids would increase
mortality relative to untreated controls and that the higher ds-
RNA concentration would produce a stronger effect.

MATERIALS AND METHODS

Total RNA was isolated from adult A. pisum using TRIzol reagent,
followed by chloroform extraction and isopropanol precipita-
tion. Complementary Deoxyribonucleic Acid (cDNA) was syn-
thesized from the RNA template and used for dsRNA production
with gene-specific primers targeting TOR1A. The dsRNA product
was verified and quantified before use in feeding studies.

For feeding assays, 50 adult aphids were placed in each treat-
ment group and offered an artificial diet enclosed between two
layers of parafilm. Treatments consisted of control diet without
dsRNA, diet containing approximately 0.1 pg/uL TOR1A dsRNA
and diet containing approximately 1.0 pg/uL TOR1A dsRNA.
Mortality was recorded every 6 h until all aphids had died.
Hazard Ratios (HR) with 95% Confidence Intervals (Cl) were
calculated for each comparison. The 0.1 pg/ulL treatment ex-
hibited an HR of 1.85 (95% Cl:1.14-3.01) relative to control,
while the 1.0 ug/uL treatment exhibited an HR of 8.46 (95%
Cl:4.87-14.68) relative to control. Comparison between treat-
ment groups yielded an HR of 4.31 (95% Cl:2.58-7.20).

RESULTS AND DISCUSSION

Treatment with TOR1A dsRNA reduced survival relative to the

untreated control group (Figure 1). The effect was concentra-
tion dependent. Aphids exposed to 1.0 pg/uL TOR1A dsRNA
showed the fastest decline in survival, whereas aphids exposed
to 0.1 pg/uL TOR1A dsRNA died more rapidly than the control
group but more slowly than the 1.0 pg/uL group.

Hazard Ratios (HR) with 95% Confidence Intervals (Cl) were
calculated for each comparison. The 0.1 pg/uL treatment ex-
hibited an HR of 1.85 (95% Cl:1.14-3.01) relative to control,
while the 1.0 pg/ulL treatment exhibited an HR of 8.46 (95%
Cl:4.87-14.68) relative to control. Comparison between treat-
ment groups yielded an HR of 4.31 (95% Cl:2.58-7.20).

These findings are consistent with the hypothesis that inter-
ference with TOR1A disrupts protein homeostasis in A. pisum.
Because TorsinA is associated with protein folding and manage-
ment of misfolded proteins, reduced TOR1A activity could be
expected to increase cellular stress and compromise viability.
Together, the survival curves and statistical analysis identify TO-
R1A as a promising RNAI target for pea aphid control [12-18].

Hazard Ratios (HR) with 95% Confidence Intervals (Cl) were
calculated for each comparison. The 0.1 pg/uL treatment ex-
hibited an HR of 1.85 (95% Cl:1.14-3.01) relative to control,
while the 1.0 pg/uL treatment exhibited an HR of 8.46 (95%
Cl:4.87-14.68) relative to control. Comparison between treat-
ment groups yielded an HR of 4.31 (95% Cl:2.58-7.20) as shown
in Figure 1.
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Figure 1: TOR1A dsRNA feeding study in Acyrthosiphon pisum.

CONCLUSION

This study demonstrates that RNA interference targeting TO-
R1A significantly reduces survival in Acyrthosiphon pisum in
a clear dose-dependent manner, supporting the hypothesis
that disruption of protein homeostasis is a viable mechanism
for inducing aphid mortality. These findings directly align with
the established biological role of TorsinA as an AAA+ ATPase in-
volved in protein folding, Endoplasmic Reticulum (ER) function
and maintenance of proteostasis. Disruption of this pathway is
expected to impair the cell’s ability to properly fold and process
proteins, resulting in accumulation of misfolded proteins and

Time (h)

activation of ER stress pathways, including the Unfolded Pro-
tein Response (UPR).

The observed increase in mortality following TOR1A knock-
down is consistent with prolonged ER stress leading to acti-
vation of apoptotic signaling cascades. Given the central role
of proteostasis in maintaining cellular viability, particularly in
metabolically active and rapidly reproducing organisms such as
aphids, interference with this pathway represents a strategic
vulnerability. These results are further supported by previous
studies demonstrating that RNAI targeting components of the
UPR and protein-folding machinery in A. pisum leads to in-
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creased mortality and reduced fitness.

Importantly, the strong dose-dependent response observed in
this study highlights the necessity of achieving sufficient dsRNA
uptake to surpass a threshold level of gene silencing. This is
consistent with prior work indicating that RNAI efficiency in in-
sects is influenced by dsRNA stability, uptake and degradation
mechanisms. The significant hazard ratios and survival differ-
ences observed at higher concentrations suggest that TOR1A is
a robust and sensitive RNAI target capable of producing biolog-
ically meaningful effects when adequately delivered.

From an applied perspective, these findings support the broad-
er concept introduced in the Introduction: That species-specif-
ic RNAJ strategies can provide an environmentally sustainable
alternative to traditional insecticides. Targeting essential genes
such as TOR1A allows for selective disruption of pest popula-
tions while minimizing off-target effects on beneficial organ-
isms. Furthermore, the potential integration of dsRNA expres-
sion into transgenic crops represents a promising avenue for
long-term pest management.

Future work should focus on validating the extent of TOR1A
knockdown at the transcript and protein levels using quanti-
tative PCR and proteomic approaches, as well as assessing
sublethal effects such as fecundity and developmental timing.
Additionally, combining TOR1A targeting with other genes in-
volved in proteostasis or stress response pathways may en-
hance efficacy and reduce the likelihood of resistance devel-
opment.

Overall, this study reinforces the critical role of protein homeo-
stasis in aphid survival and establishes TOR1A as a compelling
molecular target for RNAi-based pest control strategies. These
findings contribute to the growing body of evidence support-
ing RNAI as a precise, scalable and environmentally responsible
tool for agricultural pest management.
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