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[ABSTRACT] Harpegnathos saltator is a eusocial insect with highly plastic social behaviors, exhibiting a
unique phenotype of caste reversibility. Unlike traditional social ants, its workers can undergo a series of
behavioral, neural, and physiological reprogramming processes to transform into reproductively capable
gamergates upon the loss of queen suppression, and this transition is reversible. This makes H. saltator has
emerged as an important model for studying the mechanisms of caste establishment and maintenance,
behavioral regulation, and lifespan plasticity. Thanks to advances in omics and imaging technologies,
research on H. saltator has achieved groundbreaking progress in recent years. During social caste
transition, individuals exhibit highly dynamic and plastic changes in behavioral performance, neural activity,
endocrine status, and gene expression profiles, revealing how environmental signals are integrated into
stable phenotypic reprogramming. In terms of lifespan extension, H. saltator displays a phenomenon that
contradicts the traditional "reproduction-lifespan trade-off" hypothesis: reproductive individuals show
significantly extended lifespans. Related studies have uncovered multiple molecular mechanisms,
including telomere maintenance, epigenetic remodeling, proteostasis regulation, and bifurcation of the
insulin/IGF signaling pathway, providing new perspecitives on aging and longevity research. In the context
of social chemical communication and neural perception, the olfactory system of H. saltator shows
remarkable evolutionary features, particularly the expansion of the odorant receptor (OR) gene family,
which underlies its complex group interactions and caste maintenance. Studies on neuropeptides and
hormone regulatory pathways have also revealed close links between caste identity and behavioral states.
With the introduction of advanced tools such as Clustered Regularly Interspaced Short Palindromic
Repeats/Cas9 (CRISPR/Cas9), genetically encoded calcium indicator imaging based on GFP, calmodulin,
and M13 peptide (GCaMP imaging), and Assay for Transposase Accessible Chromatin with high-throughput
sequencing (ATAC-seq), researchers have achieved more precise resolution of neural activity, gene
regulation, and chromatin accessibility. These tools not only advance research into the social behaviors
and neural mechanisms of H. saltator but also provide novel approaches for cross-species comparative
studies. Overall, the research framework of H. saltator encompasses social behavior, caste regulation,
lifespan extension mechanisms, as well as gene expression and epigenetic reprogramming. By integrating
multi-omics and functional experimental approaches, researchers are progressively constructing a
systematic map of social plasticity and longevity mechanisms in this species. These findings not only
deepen our understanding of behavioral and lifespan regulation in social insects but also provide potential
biological targets and theoretical insights for anti-aging humans.
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Figurel The physiological and behavior plasticity of Harpegnathos saltator
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Figure 3 The molecular changes of caste transition in Harpegnathos saltator(modified from reference [14])
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