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The use of single cell sequencing for deep immune monitoring in both discovery and clinical settings is accelerating. Cellular  
indexing of transcriptomes and epitopes (CITE-seq) is a version of single cell sequencing that generates highly multiplexed protein and gene  
expression readouts1. Dimensional reduction and clustering are the standard methods used to define immune cell populations in CITE-seq 
analyses. In contrast, hierarchical gating has been the approach favored by Immunologists for decades to identify cell populations in flow 
cytometry single cell datasets. Here we evaluated the use of hierarchical gating to identify immune cell types in CITE-seq data.

Cells from the 4 replicate samples were clustered by the 23 protein features used for hierarchical gating. t-SNE dimensionality 
reduction and Leiden Community Detection algorithms implemented in CellEngine resulted in consistent clustering across replicates. 
Clusters were interrogated in CellEngine for expression of protein and gene markers of interest, including common phenotypic  
markers like CD3 (T cells), CD19 (B cells), CD56 (NK cells), and CD14 (monocytes). 

A heterogeneity score was devised as the spread between the 90th and 10th percentiles of the expression of each protein or gene 
in each cell population. Lower scores indicate a more molecularly uniform population. By looking at cumulative heterogeneity across 
all proteins and genes, we concluded that immune cell populations identified by hybrid gating with input from clustering were more  
uniform than the originally gated populations (illustrated for gamma-delta T cell subsets, below).

Hybrid gated subsets of the original immune cell populations showed different gene signature scores related to metabolism, cell cycle, and 
signaling pathways (illustrated for MAIT cell subsets, below).

Gated populations were displayed in t-SNE space for comparison to 
the clustering results (upper left). By examining the fraction of cells from 
each population that were assigned to each Leiden cluster (right), we 
identified gated populations with heterogeneity that warranted further 
cell subsetting. For example, the gated gamma-delta T cells were split 
between Leiden clusters 10 and 13. Markers such as CD16 enabled the 
identification of two distinct gamma-delta T subsets.

•	 Gating is intuitive to Immunologists and defines cell populations using established markers.
•	 Unbiased clustering can uncover additional cell subsets within gated populations.
•	 A hybrid approach combining hierarchical gating with clustering enables a more comprehensive analysis of CITE-seq data anchored in 	
	 uniform, immunologically relevant cell populations.
•	 CellEngine enables hybrid gating with clustering in a single analysis environment.
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Two lab operators thawed two PBMC samples from a single healthy donor. Samples were stained with the Biolegend TotalSeq-C universal 
cocktail, then 14,000 cells per sample were captured on the 10X Genomics Chromium X using the 5’ HT v2 workflow. RNA and  
Antibody libraries were generated and sequenced on an Illumina NovaSeq 6000 S2 flow cell to obtain ~28,000 RNA reads/cell and ~12,000  
Antibody reads/cell. 10X Genomics Cell Ranger was used to generate feature-barcode matrix H5 files. A CellCarta pipeline leveraging  
aspects of Seurat2 was used to generate customizable FCS files from H5 files containing the following parameters for each cell:

•	 137 protein features from TotalSeq antibody staining 
•	 295 sctype marker genes associated with various immune cell populations3 
•	 1,000 of the most highly variable genes selected across all cells of the experiment 
•	 164 gene set enrichment scores defined by the MSigDB Hallmark and GO Biological Processes collections, computed by scGSEA4 
•	 4 dimensionality reduction parameters (UMAP1, UMAP2, t-SNE1, t-SNE2)

The resulting 1,600-parameter FCS files were uploaded to CellCarta’s cloud-based CellEngine software for analysis.

Cells from 4 replicate samples were gated using 23 canonical protein markers from the CITE-seq data to identify 25  immune populations. 
The frequencies of the gated populations showed intra-assay precision with %CVs ranging from 2.5% to 28%.

Hierarchical gating consistently identified cell populations in CITE-seq data

Unbiased clustering generated consistent clusters across replicates Hybrid gated populations were more uniform than the original gated populations and the unbiased cell clusters

Hybrid gated subpopulations had unique gene signatures
Clustering revealed several gated populations that could be further subsetted
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