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Abstract: Advances in computational methods and technologies have become essential in life science research,

driving the integration of computer science and biology. These developments have enabled researchers to adopt

innovative approaches for modeling, analyzing, and interpreting complex biological data, significantly enhancing

scientific understanding. From decoding gene regulation to elucidating cell signaling pathways, computational

biology holds the promise of transformative discoveries. By 2024, significant breakthroughs have been achieved in

molecular biology—encompassing genome modeling, RNA, and protein—as well as in the development of cell

atlases and spatial omics. Concurrently, increased investment in research and development, coupled with the

growing demand for personalized medicine, has spurred rapid growth in related markets. Nevertheless,

computational biology has yet to establish a comprehensive and cohesive research framework. Many methodologies

and theoretical foundations remain underdeveloped, presenting challenges as researchers confront increasingly

complex biological problems. Ongoing efforts aim to refine computational approaches and identify novel strategies

to enable deeper and more impactful investigations in the field.
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