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INTRODUCTION Virtual cell foundation models such as scGPT and Geneformer learn rich gene-gene relationships from massive Same-Cell Imaging Anchors a Transcriptomic Definition of Senescence

single-cell atlases, yet they train exclusively on static transcriptional snapshots of isolated cells — blind to the dynamic, context-
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Fig. 3. A multimodal definition of cellular senescence.

(A) Preadipocytes were cultured in CCEs in three conditions, stained for SA-Bgal, cell membrane and nuclei, then profiled by endpoint
e scRNA-seq paired with longitudinal imaging of the same CCEs. (B) Etoposide 7d cells are transcriptionally distinct from DMSO and

UMAP 1 : - enriched for SASP/p53 targets. (C) Joint p21, SENMAYO, SA-Bgal, and cell area criteria identify 116 multi-marker senescent CCEs.
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Fig. 1. Paired multi-modal data from CellCage™ Enclosures align virtual cell models to cellular function. o T
(A) Same-cell longitudinal imaging plus endpoint scRNA-seq on the Cellanome R3200 platform. (B) We propose that paired multimodal O @ ,a=a,gm;li@‘_ﬁ.,_,wH(a..pu .
data could feed a Functional Alignment Layer to yield a function-predictive FM with task heads for functional behaviors. o —
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