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Abstract: The fall armyworm, Spodopiera frugiperda, is an invasive species of significant concern due to its highly
destructive nature and the substantial threat it poses to food crops. Bats are one of the important natural enemies of

lepidopteran insects, controlling their survival and quantity. To investigate whether and how S. frugiperda responds to the
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ultrasound emitted by insectivorous bats in newly invaded areas after arriving at a new invasion area, this study first
observed and recorded the behavioral changes of S. frugiperda both before and after exposure to ultrasound emitted by local
bats. Then, the transcriptomes of one-day-old male adults of S. frugiperda being exposed to bat ultrasound for 0.5, 3, 12,
24, 48 and 72 hours were compared and analyzed with those in normal environment as controls. The comprehensive analysis
of the transcriptomes provided valuable information into the molecular changes that occur in S. frugiperda in response to bat
ultrasonic signals. The behavioral results indicated that local bats ultrasound which were within the hearing range of S.
Sfrugiperda could significantly reduce the behavioral activity of moths, suggesting that these signals may play a crucial role in
the moths behavior. The transcriptome analysis showed that bats ultrasonic stress induced extensive changes in gene
expression in the body of S. frugiperda. Compared with the control group, a total of 2389 significantly up-regulated genes
and 2491 significantly down-regulated genes were identified under different durations of ultrasound stimulation. The 521
genes that were significantly up-regulated or down-regulated at multiple time points were defined as key genes in response to
bat ultrasound. GO and KEGG enrichment analyses of these key genes further revealed the different processes affected by bat
ultrasonic stress in S. frugiperda. The results showed that 215 up-regulated genes were highly correlated with processes such
as neural signal transmission, sound perception, auditory receptor cell development, oxidative stress and fear response,
while 306 down-regulated genes were mainly enriched in various energy metabolism pathways and biosynthesis processes.
These findings suggest that bat ultrasonic signals may have a profound impact on the physiology and behavior of
S. frugiperda. To further validate the reliability of the transcriptome analysis results, qRT-PCR experiments were conducted.
The study provides new insights into the biological and molecular mechanisms of S. frugiperda in response to bat ultrasonic
stress, and could provide greater support for developing more effective and environmentally friendly methods for controlling

S. frugiperda and other lepidopteran pest species in the future.
Key Words: Spodoptera frugiperda; invasive species; ultrasonic stress; behavioral activities; transcriptome
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Fig.1 Male adults of Spodoptera frugiperda and experimental setup
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Table 2 Sample sequencing quality statistics

FEAS Jsthh BB JEUHE I P T B T 18 R Q30 LA GC Lt X3/ %
Sample 1D Raw reads Raw bases Clean reads Clean bases Q30/% GC/ % Mapped ratio
S_001 29446125 8892729750 29244671 8718567970 94.66 48.32 91.70
S_002 29289836 8845530472 29073631 8701136832 94.38 49.51 93.82
S_003 24856289 7506599278 24650441 7381048425 94.66 47.12 92.29
Uh_001 26197539 7911656778 25952600 7780361625 94.2 47.27 93.60
Uh_002 23394600 7065169200 23140765 6938595843 93.6 48.8 92.59
Uh_003 21484257 6488245614 20761304 6123221648 94.97 45.93 93.59
U3_001 27387378 8270988156 27100197 8122464633 94.24 47.98 91.58
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Table 3 Frequency distribution of up-regulated and down-regulated genes in 6 time periods compared with the control group

itk R R B TR R B ik A R B T R R B
) Number of up- Number of down- ) Number of up- Number of down-
Frequency Frequency

regulated genes regulated genes regulated genes regulated genes

6 0 1 2 804 934

5 3 15 1 1370 1251

4 13 76 3t Total 2389 2491

3 199 214 =3 215 306
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Fig.6 GO functional enrichment of up-regulated genes and down-regulated genes (P, . <0.05, display the top 20 results)
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Table 4 Some important enriched GO terms in each category
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G0 ;0007600 “*Jﬁ%’ﬁu Y R 20
G0:0060117 Wit Z AR R B H i e 5
G0:1902176 SR A 5 1 PR E P T {3 s 1) £ R AP 5
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G0:0030424 LHEN A 1S 21
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G0:0003779 W25 L 9

GO : FEH KIS Gene ontology
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