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INTRODUCTION

Fall armyworm, Spodoptera frugiperda (Lepidoptera:Noctuidae), is 
considered one of the most detrimental pests of agriculture4, due to 
its ability to feed on a broad range of economically important crops 
and its adaptive potential to several insecticides2,4.

For the past decades, fall armyworm (FAW) control has heavily 
relied on transgenic plants expressing Bacillus thuringiensis (Bt) 
traits4. However, there are now existing FAW populations exhibiting 
resistance to Bt, which threatens food security worldwide2,3,4,8.

RNA interference (RNAi) is a post-transcriptional, gene silencing 
mechanism that has shown great potential in insect pest control by 
targeting biologically important genes that cause insect mortality13,14. 
This technique has been successful in many important insect pests 
such as mosquitos, aphids, bed bugs and beetles14. Yet, current 
approaches in lepidopteran pests remain ineffective10,13.

The use of nanoparticles has been an emerging tactic to overcome 
obstacles in RNAi15. The use of nanoparticles can improve RNAi 
mode of action by increasing the bioavailability of siRNA as well as 
stabilizing and protecting siRNA from degradation15.

Therefore, the goal of this study is to determine if RNAi can be 
achieved in FAW using nanoparticles coupled with siRNA targeting 
Vacuolar protein sorting associating protein 4 (VPS4) gene, a key 
regulator for vesicle trafficking7.

We hypothesize that gene expression will be significantly lower or 
knocked-down on FAW larvae treated with nanoparticles coupled 
and the targeted siRNA (VPS4).

METHODS

siRNA and nanoparticle preparation
siRNA targeting the gene of interest VPS4 “siVPS" (GenBank 
accession number JN584642.1) and siRNA used as negative 
control SCRAMBLE ”siSCRAM” (randomized sequence sequence 
with no matches to the target gene) were designed using 
ThermoFisher® BLOCK-iT RNAi and synthesized through Sigma 
Aldrich®.
Three different type of nanoparticles were prepared by the 
Rajashekara Laboratory from the Department of Food Animal 
Health Research Program (CFAES/OSU, Wooster).  All nanoparticle 
were prepared with siVPS and siSCRAM separately following 
established protocols. Nanoparticles used: perfluorocarbon-based 
(PFC)5, chitosan6, and poly-lactic-glycolic acid (PLGA)1. Every 
solution had varying siRNA and nanoparticle concentrations 
depending on nanoparticle type based on each protocol. Having a 
total of 6 treatments. 

Nanoparticle and siRNA delivery
Nanoparticle and siRNA solution was delivered to 1st instar FAW 
larvae using a nebulizer compressor12.
For every treatment, 30 FAW larvae were aerosolized with the 
respective treatment (nanoparticle and siRNA) solution for 10 
minutes. After aerosolizing, every larva was placed in a labeled 
individual cup with artificial diet.

Gene expression and statistical analyses
Following 24 hours after aerosolization, 8 larvae from every 
treatment were collected for RNA isolation and cDNA synthesis. 
Gene expression was measured through RT-qPCR.
All analyses were performed in R (R Core Team 2019). VPS4 gene 
expression was normalized using the Delta Ct method9. Differences 
in VPS4 gene expression in the three different nanoparticle type 
were evaluated using Welch two sample T-Test.

RESULTS CONCLUSIONS

Our results suggest that delivering siRNA and nanoparticle complex 
through aerosol spray to FAW, specifically with PLGA nanoparticle, 
show potential for RNAi as a pest control strategy in lepidopteran 
pests. 
PLGA nanoparticle was the only treatment that showed a significant 
decrease in gene expression. PFC and Chitosan nanoparticles also 
showed a slight but not significant decrease, which may be due to 
differences in nanoparticle and siRNA concentrations.

SIGNIFICANCE
This study can be used as baseline for RNAi as an alternative, 
species-specific pest management strategy. This technique can be 
used as a tactic to mitigate insect resistance and control pests in an 
environmental conscious, different mode of action than common 
insecticides.
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Fig. 2. The technique of “Nanoparticle + siRNA complex” delivery to 
the FAW larvae with the nebulizer compressor.
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Fig. 3. mRNA expression of VPS gene in FAW larvae aerosolized with 
A) PFC nanoparticle (P=0.2738), B) Chitosan nanoparticle (P=0.3102) 
and C) PLGA nanoparticle (P=0.004). All samples were normalized to 
reference gene RPL11 using Delta Ct method. Samples per 
treatment=8. Black points represent mRNA normalized expression per 
larva, red point represents the mean of the mRNA expression in each 
treatment and red line the standard deviation. NS =not significant. 
Asterisk represents treatments significantly different. Statistical 
analysis used Welch two sample t-test.

Fig. 1.  A) Severe damage of one FAW larva in a corn ear (Picture by 
John C. French 2019. B) Corn foliage damage caused by FAW 
(Picture by Plantix 2018).
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