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Motivation
Ø Why DNA Needs a New Unit:
•  Local motifs(e.g. TATA-box) — sharp, 
a few bp wide;

•  Long-range deps (enhancer 

↔

 
promoter) — up to 10⁵ bp;

•  Periodic signals (nucleosome, codon 
triplet) — frequency-domain.

Ø SPU Architecture
• Locus Plasticity Layer (LPL): Token-specific dynamic convolution for 

local motif extraction;
• Domain Plasticity Layer (DPL): FFT-accelerated global long 

convolution + J-level wavelet decomposition capture complementary 
multi-resolution features;

• Saliency Plasticity Layer (SPL): Biologically motivated channel 
saliency ("what to look at") and position saliency ("where to look") 
jointly amplify signal and suppress noise.

n Biological Interpretability：

n Performance on Genomic Benchmark：

(A) Power spectrum on a nucleosome region.  (B) An SAE feature of SPU's pretrained 
embedding aligns with promoter regions (HES4, ISG15, AGRN) without annotation 
supervision.

ResultsMethodology


