Integrating single cell and spatial gene expression profiling of mouse organogenesis to identify and localize unknown cell types
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Major cell clusters in wild type E10.5 embryo show

Mapping lateral plate mesoderm trajectories across mid-gestation development

Mammalian organogenesis is a remarkable process, whereby cells rapidly proliferate and differentiate into

expected spatial patterns

diverse cell types. Single cell RNA-sequencing of whole embryos yields unprecedented views of Some previously unannotated cell types can be identified and relabeled based on spatial location

development, revealing hundreds of unique cell types defined by gene expression precisely regulated in time Mmmm | .

and space. Although many methods exist to identify cell types defined by scRNAseq, annotating cells remains v -:@M@-_,@R—m&%@;;gggg_suwm g Major cell clusters in the i e %U " Mm T 3 Cells derived from the lateral plate

a challenging process. In this work, we leverage both scRNAseq and spatial gene expression profiling to _' 1] '""‘ze e developmental scRNAseq i-'h'" ot -'-'-'-'-'=|'-? i;==' S e—[ - mesoderm contribute to many organs in
identify novel cell populations during organogenesis, and discover changes in cell specification and - ' I " T ” ’ dat.aset we.re mapped to — 1 L [ the developing embryo, but lateral plate
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millions of cells done by 3-level combinatorial indexing on staged mouse embryos in 2-6 hour increments : ! .'I ' 2’ 'I anea;'fmZ Esim(c))-v?/sem rYos. { al Te— - III I difficult to annotate. To validate and
from gastrulation to birth. Although an initial round of manual annotation based on marker genes and earlier - : g correct annotations, we mapped sub-
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atlases was fruitful, many ambiguities remained. To address these in part, we integrated matched timepoints E| 0 : L | | coevssce s trajectories of lateral plate mesoderm to
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Epicardial cells (Tbx5+)

: - : - : : : : o .. scRNAseq cell type in each spatial locations at matched timepoints
with spatial whole transcriptome profiles of precise anatomical regions generated using the GeoMx® Digital r covan GeoMx ROI, annotated by _ P _ ' P
Spatial Profiler (DSP). We used a cell type deconvolution algorithm to estimate the abundance of each cell i EETE wamain tics e and substructure in _ AT |r;]m|d-ges.tar']c|on ierloprr:\en;cl.tHeatr?aps
type in each region and validated that known populations such as tissue-specific epithelial cell subtypes were | ! ! Ww the GeoMx data. Only cell et T s E15.75 'l—I S s Za(c)hw’firinerg)coirr:ceég eZcEa((E:eocl\e/lx gg? d
localized with high accuracy. We then used this method to map trajectories derived from the lateral plate | '. l e types significantly enriched — I 1 setocae ’
mesoderm, populations with limited research that are challenging to annotate. Next, we applied this method E

to understand how dysregulated cell lineage contributes to organ malformation in a developmental mutant. LC

Absence of embryonic macrophages due to CSFR1 deficiency causes bone and brain deformities and " u

perinatal lethality in mouse and humans. We performed massively scalable single-cell transcriptomics and - e —— 4: 1

GeoMx DSP on E18.5 wildtype and CSF1R-deficient mutant littermates. We find differential cell type : .

abundance in both the scRNAseq and between matched spatial regions across many tissues, suggesting that
organs beyond bone and brain are impacted by macrophage loss. In conclusion, this work provides a
framework for integrating spatial data with scRNAseq in an automated pipeline to map cell populations in
normal and pathological samples.
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I““ These new annotations can be further validated by mapping
scRNAseq data to orthogonal spatial data with Stereo-seq (6).
The relabeled lung mesenchyme cell type maps to lung in this
dataset as well.
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Methods: single cell RNAseq and spatial whole transcriptome
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profiling of mouse organogenesis

Massively scalable single cell RNAseq (sci-RNA-seq3) (1,2) enables high resolution profiling of mouse
organogenesis
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