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The Dual Regulation of Insulin Signaling and Juvenile Hormone Pathway in

  Reproductive Diapause of the Natural Enemy, Seven-Spotted Ladybeetle

  (Coccinella septempunctata)

Junjie Chen1, Yuyan Li1, Nicholas M. Teets2, Shunda Han1, Lisheng Zhang1 3
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2. Department of Entomology, University ofKentucky, Lexington, KY 40546, USA;

3. Plant Protection College, Shenyang Agricultural University, Shenyang110866, P. R. China.

Abstract：Understanding the regulation of diapause in natural enemy insects is crucial for improving 
the long-term storage, transportation, and field deployment of biological control agents.This study 
investigates the dual regulation of insulin signaling (IIS) and juvenile hormone (JH) pathways in 
reproductive diapause of the seven-spotted ladybeetle (Coccinella septempunctata),a key aphid 
predator. We demonstrate that enhanced JH degradation plays a critical role in diapause induction. 
Applying methoprene (a JH analog) topre-diapause females elevated JH signaling and  reversed the 
diapause program, confirming that low JH levels are essential for diapause induction.  Conversely, 
RNAi knockdown of JH degradation genes increased expression of JH-inducible gene (Kr-h1), reduced 
diapause characteristics, and promoted reproduction (accelerated ovary growth,  yolk deposition, 
suppressed lipid accumulation). Further, we show that IIS regulates diapause via the  transcription 
factor FoxO. In diapausing beetles,exogenous insulin application or RNAi knockdown of  CsFoxo 
terminated diapause. Conversely, in non-diapausing beetles, RNAi knockdown of the insulin  receptor 
(CsInR) arrested ovarian development and decreased JH levels,inducing a diapause-likestate. 
Collectively, these results reveal that shut down of insulin signaling activates CsFoxO, driving the 
diapausephenotype, while reduced JH titer facilitates reproductive arrest. This dual regulatory 
mechanism provides fundament alinsights into C. septempunctata diapause control.
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Multi-level Investigation of Diapause in Arma chinensis:Transcriptomics,

  Metabolomics, and Functional Studies
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Abstract: The predatory stinkbug Arma chinensis is an important biological control agent whose 
diapause mechanisms are crucial for storage and field application. We conducted anintegrated 
multi-omics study combining transcriptomic, metabolomic, and functional analyses to elucidate diapause 
regulation in this species. Transcriptomic and metabolomic profiling revealed 9,254 differentially 
expressed genes and 493 altered metabolites across diapause stages. Major metabolic pathways including 
glutathione metabolism, TCA cycle, glycolysis,and lipid metabolism under went significant 
reorganization. Pre-diapause was characterized by increased lipid accumulation and energy 
consumption, while maintenance phase showed amino acid and glucose metabolism restructuring.
We identified the dopamine D2-like receptor (AcDD2R) as a key neuroendocrine regulator.AcDD2R 
expression peaked in head tissue during pre-diapause. RNA interference demonstrated that AcDD2R 
negatively regulates lipid accumulation by suppressing lipogenic genes (acetyl-CoAcarboxylase and fatty 
acid synthase). DD2R knockdown not only increased lipid storage but also enhanced post-diapause 
reproductive fitness, shortening pre-oviposition period and increasing egg production and hatch ability.This 
comprehensive characterization reveals coordinated metabolic reprogramming and neuroendocrine 
control of diapause in A.chinensis. The identification ofDD2R as a regulator of both lipid metabolismand 
reproductive fitness provides potential targets for optimizing diapause manipulation in biologicalcontrol 
programs.
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