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Spatially resolved cell atlas of the developing human brain using an 
integrated spatial omics platform
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Single-cell RNA sequencing (scRNA-seq) has fundamentally 
expanded our understanding of tissue composition and 
heterogeneity. While this methodology enables unbiased and 
comprehensive identification of distinct cell types based on 
their transcriptomic profiles, it does not provide positional 
context in the tissue architecture which is critical for 
understanding the interactions between cells and their native 
tissue microenvironment. 

Rebus Biosystems has developed an automated platform 
that combines Synthetic Aperture Optics (SAO), fluidics 
engineering, and single-molecule RNA Fluorescence In Situ 
Hybridization (smRNA FISH) chemistry to probe 30+ gene 
targets across large tissue sections at nanometer resolution. 
Here, the platform enabled us to create a spatially annotated 
atlas of embryonic cell types and cell states in the developing 
human brain. 

To dissect cell-type composition and visualize cell clusters in 
space, we designed a panel of genes identified by dissociated 
single-cell transcriptomics according to their specificity and 
expression. Multiple regions of fresh frozen human fetal brain 
samples from gestational week 20 were sectioned to a glass 
coverslip, assembled into the platform’s hardware, and 
automatically probed for 30 genes using on-system cyclic 
smFISH chemistry. A full experiment from flow cell assembly to 
the probing of 30 genes in 10 cycles was completed within two 
days for a whole human fetal brain section without 
intervention. 

Single mRNA molecules across all levels of expression were 
consistently detected with high signal strength, sensitivity, and 
specificity using built-in computer vision algorithms. Gene 
targets were assigned to single nuclei to create a spatially 
annotated cell x feature matrix for downstream clustering and 
mapping of cell clusters to XY space. The results obtained with 
this robust, automated platform enable validation of 
functionally distinct cell populations identified by scRNAseq
and further reveal the spatial context of developmental gene 
expression programs at the single cell level. 

Taken together, our data enable direct observation of area-
specific molecular diversity and the ability to infer functional 
roles of regionally diverse clusters based on known 
differentiation trajectories and migratory gradients. This 
integrated platform provides a transformative new tool for 
powerful validation of scRNAseq data and integration of multi-
omic measurements.

Single cell gene expression data allows unsupervised cell-type clustering A, Representative image of the resultant
merged smFISH data across 31 marker genes. B, Expression levels for each of the 31 genes (each dot= 1 cell). C,
Number of RNA counts per cell (each dot=1 cell, n_counts = total RNA spots detected for all genes for that cell). D,
Unsupervised clustering of single cells. RNA spots were assigned to individual cells and the gene expression matrix
was processed using Scanpy to generate a UMAP plot, annotated using Leiden algorithm. Each dot corresponds to
one cell, color coded by cluster identity. E, Dot Plot of normalized expression levels of each gene on each cluster.
Color intensity represents expression levels, while dot size represents the fraction of cells in the cluster where the
gene is detected. F, Expression levels for each gene visualized on UMAP plot show that most clusters correspond to
specific cell types. G, Plotting the annotated cells back to the XY space reconstructs the tissue organization and
displays the specific distribution of cell types.
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Chemistry to Support Quantification of Highly Multiplexed in situ Data. Unique primary probes are
synthesized to each mRNA target with between 33-96 primary probes hybridizing to each target
transcript, depending on the length of the mRNA exon. The probe architecture allows two
secondary probes to bind each primary probe. A set of three of fluorophore-labeled secondary
readout probes are used to reveal the gene locations and are subsequently neutralized after
imaging, C, The cyclic workflow to reveal 15 gene targets is shown. Each RNA is read once with a
set of 3 readout probes until all genes are imaged.
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RESULTS

The Rebus EsperTM Spatial Omics Imaging Platform by Rebus Biosystems is a fully-integrated platform
for multiplex analyte detection. The platform is equipped with a DAPI LED and laser lines for
multiplexing 3+ analytes per cycle, with Synthetic Aperture Optics-enabled acquisition to rapidly
image large areas at high resolution. Coupled with automated fluidics, the platform enables precise
quantification of individual molecules in single cells across entire tissue sections to understand cells in
native context. The resolution of a 20X air objective is dramatically improved by using SAO
technology. In SAO, the sample is illuminated by a series of structured light pairs that are created by
the interference of excitation laser beams. The series of low-resolution images are then
reconstructed using proprietary software to generate a single image that has equivalent resolution
of a 100X oil immersion objective. Image processing algorithms use state of the art computer vision
to process large-scale whole tissue data sets and quantify gene counts and locations, segment
nuclei, and assign genes to nuclei.

Spatial RNA Transcriptomics Workflow. Fresh-frozen tissue is sectioned and fixed onto functionalized
glass and assembled into Rebus Esper’s imaging flow cell. The flow cell is installed to the Rebus Esper
by connecting the cooling and reagent lines. Using automated microfluidics and automated 20X
SAO imaging, iterative small molecule fluorescent in situ (smFISH) hybridization was performed
without user intervention.
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CONCLUSIONS
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Single-cell data suggests a diversity of cell types 
and area profiles across regions of the 
developing human cortex. We sought to 
validate markers of known and novel clusters, 
including those that were enriched in one or 
more sampled areas. To perform this validation, 
we utilized the Rebus Esper, a novel, 
automated implementation of single molecule 
in situ hybridization (smFISH) and synthetic 
aperture optics to identify the expression level 
of 31 RNA transcripts. This analysis enabled us to 
visualize markers, spatial orientation, and co-
expression identities. 

In sum, these data validate the observation 
from our single-cell RNA seq analysis that there 
indeed exist some area-specific or regional-
specific cell types.

The data we present here provides a spatially 
and temporally detailed molecular atlas of 
brain and neocortex specification upon which 
future experimental characterizations can 
expand. These findings additionally provide an 
opportunity to inform our understanding and 
development of in vitro models of cortical 
formation, including those related to area-
specific neurodevelopmental disorders.
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