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Abstract: 
Deep learning methodologies have emerged as pivotal tools in deciphering the intricate regulatory 
code embedded within non-coding genomic regions. We show that while supervised deep learning 
models effectively capture proximal gene regulatory mechanisms, they are currently limited in their 
ability to model distal enhancer effects. To supplement  supervised approaches, we establish self-
supervised, species-aware DNA language models as a robust complementary approach that learn 
conserved regulatory elements from unannotated genomes and offers novel avenues for 
interpretation. 


