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Spatial omics technologies revolutionize studies of tissue 
functions. However, existing methods fail to capture localized, 
sharp changes characteristic of critical events such as tumor 
development. We present StarTrail, a gradient based method that 
powerfully defines rapidly changing regions and detects “cliÁ 
genes”, genes exhibiting drastic expression changes at highly 
localized or disjoint boundaries. StarTrail, filling important gaps 
in current literature, enables deeper insights into tissue spatial 
architecture. We also introduce STimage-1K4M, a comprehensive 
dataset designed to bridge this gap by providing transcriptomic 
features for sub-tile images. STimage-1K4M contains 1,149 
images and 4,293,195 pairs of sub-tile images and gene 
expressions. Spatial variable genes (SVGs), revealing critical 
information and about tissue architecture, cellular interactions, 
and disease-relevant microenvironments, are of keen interest in 
ST studies. We performed a comprehensive benchmarking study ST studies. We performed a comprehensive benchmarking study 
of 20 state-of-the-art SVG detection methods using >600 human 
slides from STimage-1K4M. We also constructed the first 
cross-tissue atlas of SVGs, enabling comparative analysis of spatial 
gene programs across cancer and normal tissues.
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