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Bulk Methylation Masks Spatial Regulatory Heterogeneity Spatial ATAC-TAPS+ Resolves Eight Distinct Epigenetic

_ Dual-Modality States Enable direct Regulatory Interpretation
Compartments in Human Medulloblastoma
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Figure 2.2. Tumor-wide CpG methylation varies Figure 3.2. Cluster-resolved DNA methylation at the HIC1 locus (chrl7). Modified/Total (TAPS+) tracks across eight
Figure 1.2. Spatial ATAC-TAPS+ workflow. In situ tagmentation is followed by orthogonal microfluidic barcoding, coordinately across spatial compartments. Mean CpG spatial clusters reveal focal and CpG island—associated hypermethylation within the HICI regulatory region. Select
tissue imaging, and Watchmaker’s TAPS+ conversion prior to library preparation. For this study, libraries were methylation ranges from 0.10-0.23 (2.3-fold dynamic range). clusters exhibit strong enrichment of methylation at promoter-proximal and CpG island segments (highlighted), while
sequenced on the Ultima Genomics platform to enable deep coverage for integrated accessibility and methylation Methylation maps align with tumor morphology, others remain comparatively hypomethylated. These patterns distinguish regulatory compartments within the tissue

orofiling. A modular analysis pipeline generates co-registered accessibility and methylation maps. demonstrating structured epigenetic organization. and demonstrate that spatial DNA methylation provides orthogonal resolution beyond chromatin accessibility alone.
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Figure 1.3. TAPS+ conversion preserves spatial ATAC library integrity. Fragment size distribution, FRiP, and TSS . o _ _ . _
enrichment remain stable before and after conversion, confirming compatibility of TAPS+ chemistry with spatial Figure 2.3. ACCESSIbI|It-y and .methyl-atlon dlverge coordinately across compartments. Clusters contain 6-11K
ATAC libraries. enriched regulatory loci and differential methylation across more than 2000 genes. Heatmaps demonstrate stable

regulatory segregation rather than technical bias.

Figure 3.3. Cluster-resolved TAPS+ tracks at the EN2 locus reveal focal CpG island hypermethylation enriched in
specific spatial clusters (highlighted). Spatial projection confirms that differential methylation maps to discrete tissue
compartments, demonstrating that DNA methylation provides regulatory resolution beyond chromatin accessibility

alone.
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