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Mapping Transcriptomes to H&E Images

• Spatial transcriptomics align transcriptomes with histopathology morphology
and tissue structures, presenting opportunities for biomolecular discovery.

• We present a novel framework, GeneFlow, to map single and multi-cell gene
expression onto paired cellular images. First to model the inverse problem.



Method and Architecture

Input: Transcriptomics. Output: High-resolution H&E / DAPI images.

• Encoder processes image patches containing multiple cells.

• Generating cell-specific embeddings utilizing gene relationships.

• Capturing intra/inter-cell interactions.

• Keeping parameters tractable through low rank factorization.



Spatial Modeling

• Spatial Modeling to preserve local tissue organization during training.

• CellPose nuclei segmentation to model morphology, arrangement, density.

• Build kNN graphs over nuclear centroids to align structural relationships

• Enforce local texture & gradient similarity for efficient spatial regularization.

Cell Segmentation Spatial Modeling



Coherent Tissue Morphologies

• ACVP board certified pathologist blindly diagnosed generated images.

• Diagnosis on (non-)neoplastic cell morphology & spatial structure.

• Generated tissues accurately reproduced key diagnostic features.



Cross Dataset Generalizability



Gene Importance Analysis 

• Measured overlap of top 50,100,200 important genes across splits/samples.

• Evaluated overlap significance using a hypergeometric test.

• Comparisons showed strong agreement across splits.

• Models trained on all-cell-type vs melanoma-only data showed >80% overlap.

• No significant overlap between melanoma-only & non-melanoma.



Quantitative Results

C1 Single-Cell model baseline comparison Ablation Study

Gene set enrichment analysis of the most influential genes. Top 10 enriched pathways ranked by adjusted p-value.



Qualitative Results



Conclusion

• GeneFlow translates transcriptomes to realistic H&E images, 
linking gene-expression with cellular morphology.

• Operates on 256×256 tiles & depends on Xenium single-cell data.

• Accurately generates coherent tissue morphologies.

• Outperforms diffusion-based models through rectified flow.

• Validated by quantitative and expert assessments.

• Spatial modeling creates realistic cellular micro-environment.

• Limitation:
• Scalability to larger slides & diverse datasets remains a challenge.

• Future Work:
• Expand to whole-slide synthesis, integrate sc-foundational models, and refine 

cell-context modeling for complex tissue reconstruction.
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