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Exploration of the adult pluripotent stem cell niche and its molecular characterization
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Pluripotent stem cells (PSCs) in adult invertebrates, such as planarians, retain their full differentiation potential
(aPSCs) throughout their lifespan, facilitating regeneration and asexual reproduction. Nevertheless, the molecular
mechanisms underlying aPSC maintenance remain largely elusive. In Dugesia japonica, neoblasts—piwiA-positive
cells—are believed to encompass aPSCs. Recent studies have implicated the MTA protein in the regulation of neoblast
migration, suggesting the presence of spatially defined aPSC niches. To identify candidate aPSC and niche cells, we
conducted high-resolution single-cell RNA sequencing (scRNA-Seq) using TAS-Seq, which identified 63 cell types,
including a piwiA-positive, differentiation marker-negative aPSC candidate. Spatial transcriptomics on control specimens
identified approximately 30,000 transcript-rich spots and revealed regions associated with neoblasts. Clusters spatially
adjacent to piwiA-positive cells were identified as candidate niche cells. To validate spatial gene expression, we developed
a triple fluorescent in situ hybridization (FISH) system using full-length mRNA references generated via MAS-Seq. This

study provides a cellular and spatial framework for elucidating the mechanisms that sustain aPSCs in planarians and

establishes essential tools for future functional validation of niche candidates.
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Fig 1 Working hypothesis of aPSC

niche in planarian
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Fig 2 The number of detected molecules and

genes in the spatial transcriptome analysis
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Fig 3 In-house ROI selector for spatial

transcriptome analysis
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Fig 4 Examples of detected gene expression
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Fig 5 A clustering result and piwiA expression of the

spatial transcriptome analysis
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Fig 6 Most neighbor clusters of each spot. P-values

were calculated with fisher’s test.
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Fig 3 Triple in situ
hybridization by HCR.
Scale bar is 10 pm
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