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Our project: RCTD uses a labeled single-cell reference to 
assign cell type assignments and proportions to spatial 
transcriptomics pixels (or spots), which can contain 
mixtures of multiple cell types.

RCTD is publicly available as an R package 
(https://github.com/dmcable/RCTD), and has been 
tested on Slide-seq, Visium, and MERFISH datasets.

RCTD is recently accepted for publication at Nature 
Biotechnology.

https://github.com/dmcable/RCTD


Spatial Transcriptomics pixels can contain genes from 
multiple nearby cell types, as seen from visualization 
in marker gene space. Unsupervised clustering may 
not correctly label the mixtures.

The RCTD model uses 
a scRNA-seq dataset
to assign cell types to 
spatial transcriptomics
mixtures.

Challenges
Single-cell RNA-seq vs Spatial Transcriptomics can have 
large technical effects, platform effects, effecting the
rate of capture of genes.

RCTD creates a spatial map of cell types



Robust Cell Type Decomposition (RCTD) Model

Platform Effect Normalization:
Estimation of Platform Effects

Optimization of RCTD log-likelihood via
sequential quadratic programming

Log-likelihood of an individual pixel (after platform effect normalization)

Second-order Taylor approximation of log-likelihood

Optimization of approximate log-likelihood as a Quadratic Program (QP)



RCTD’s predictions of singlets (single cell type per pixel) 
and doublets (two cell types per pixel) are consistent 
with visualization of pixels in marker gene space:

Technical Validations on Spatial Data
RCTD’s predictions agree with 
spatial maps of marker genes:

RCTD Cell Class Classification
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Compute and plot doublet classification rate

N_UMI_cond <- (length(UMI_list) + 1)/2
spot_class_df <- as.data.frame(Matrix(0,nrow = N_UMI_cond, ncol = 2))
rownames(spot_class_df) <- UMI_list[1:N_UMI_cond]; colnames(spot_class_df) <- c('singlets','doublets')
barcodes <- rownames(results_df)
for(nUMI in UMI_list) {

vec = table(results_df[barcodes[meta_df$first_UMI == nUMI],]$spot_class)
spot_class_df[as.character(nUMI), 'singlets'] = vec["singlet"]
spot_class_df[as.character(nUMI), 'doublets'] = sum(vec) - vec["singlet"] - vec["reject"]

}
spot_class_df[1:6,] <- spot_class_df[1:6,] + spot_class_df[13:8,]
spot_class_df <- spot_class_df[1:7,]
spot_class_df <- sweep(spot_class_df, 1, rowSums(spot_class_df),'/')
spot_class_df[,"nUMI"] <- UMI_list[1:N_UMI_cond]
df <- melt(spot_class_df, id.vars = 'nUMI', variable.name = 'series')
df$std <- sqrt(df$value*(1 - df$value)/(table(meta_df$first_UMI)*2)[1])
df$std[df$nUMI == 500] <- df$std[df$nUMI == 500]*sqrt(2)
doublet_df <- df
my_pal = pals::coolwarm(20)
doublet_df$prop <- doublet_df$nUMI / 1000
plot_df = doublet_df[doublet_df$series == "doublets",]
p1 <- ggplot(plot_df, aes(prop,value)) + geom_line() +

geom_errorbar(aes(ymin=value-1.96*std, ymax=value+1.96*std), width=.02,position=position_dodge(.001)) + theme_classic() +
geom_hline(yintercept=0, linetype="dashed", color = "grey", size=0.5) + geom_hline(yintercept=1, linetype="dashed", color = "grey", size=0.5) + xlab("UMI Proportion of Minority Cell Type") + ylab("Doublet Classification Rate") + scale_color_manual(values=c(my_pal[1], my_pal[20]),labels = c("Doublet"), name = "Class") + scale_y_continuous(breaks = c(0,0.5,1), limits = c(0,1))+ scale_x_continuous(breaks = c(0,0.25,0.5), limits = c(-.03,0.53))

ggarrange(p1)
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Doublet Detection

Technical Validations on Simulated Data

RCTD Cell Class Classification
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