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Single – Cell RNA Sequencing
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Spatial Transcriptomics (ST)



Challenges
● Assays can only measure small regions 

with mixtures of cells

https://doi.org/10.1038/s41576-021-00370-8

● smFISH-based techniques such as seq-
FISH+ and ExM-MERFISH can only cover a 
small area of tissue, comprised of around 
10,000 cells with a few dozens to a few 
hundreds of genes.

● 10x Visium platforms are restricted
to a set of gene expression evaluations, in 
which spatial expression profile is the 
average expression of many cells.

● Require more specialized equipment.



Single-cell and Spatial transcriptomics Alignment

DOI: https://doi.org/10.1038/s41587-023-01697-9



SSA: a novel method for Single-cell and Spatial
transcriptomics Alignment



Feature Selection and Data Transformation

● Compute the variance for each gene in the 
scRNA-seq data and select 5,000 genes 
with the highest variance.

● Subset both of the expression matrices 
using this gene set for consistency and 
comparative analysis.

● Use Z-score transformation to scale 
and center the data.



Cell to Spot Alignment using Sinkhorn Algorithm

● Calculate the pair-wise Pearson’s correlation 
between cells and spots.

● Calculate the pair-wise distance between cells 
and spots



Cell to Spot Alignment using Sinkhorn Algorithm



Data Preparation
● Download high-resolution spatial transcriptomics of 

100,064 cells of human breast cancer data from Gene 
Expression Omnibus (GEO) under accession number 
GSE176078.

● Partition the spatial domain into a grid structure 
where each grid cell, or “spot”. Centroids of cellular 
locations are averaging the 2-D coordinates of all 
cells.

● The gene expression profile for each spot is 
generated by averaging the gene expression levels of 
all cells residing within the corresponding grid cell.

● 3,615 spots and sub-sample scRNA-seq dataset 10 
times  



Results



Results



Results

SSA results are substantially lower than other methods across all cell types (p = 2.838 × 10−7 
using the Wilcoxon test).



Conclusion
● We have introduced SSA for the alignment of individual cells to physical spatial 

locations in a tissue based on scRNA-seq and ST data.

● SSA accurately maps single-cells to spatial locations for the whole cell population 
with very minimal differences in distance.

● SSA efficiently reconstructs a cellular spatial map within a specific cell type.

● SSA substantially outperforms existing state-of-the-art approaches in different 
benchmark scenarios.

● Integrate other techniques developed in our research lab for single-cell analysis to 
group cells with similar patterns together before performing cells-to-spot alignment

● Extend this work to improve the data for data integration and pathway analysis, 
cancer research, and space biology and drug development.
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