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Multiscale Regulation of Synaptic Plasticity by 
Coding and Noncoding RNAs during Development
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Introduction. Critical periods of postnatal development are characterised by large-scale synaptic 
remodelling that refines neural circuits and establishes mature brain function. While transcrip-
tional programs underlying plasticity have been extensively investigated, the contribution of lo-
cal synaptic RNA regulation remains poorly defined.

Methods. Here, we combine structural imaging with synaptosome-specific mRNA and miR-
NA profiling to dissect RNA-level mechanisms of synaptic refinement in the mouse visual cortex 
across the critical period (P21–P35).

Results. We identify coordinated presynaptic bouton remodelling and transient complement 
activation at peak plasticity (P28), accompanied by stage-specific synaptic gene expression pro-
grams linked to synapse organisation, vesicle trafficking, and translational control. Parallel profil-
ing of synaptosomal miRNAs uncovers temporally restricted clusters aligned with plasticity and 
consolidation phases. Notably, nearly 70% of synaptic transcripts are predicted targets of detected 
miRNAs, and network analysis highlights hub genes under convergent post-transcriptional regu-
lation.

Conclusions. Together, these findings reveal a multiscale RNA regulatory architecture in 
which coding and noncoding RNAs cooperatively shape synaptic plasticity and circuit matura-
tion during cortical development.
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