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Supplementary Figure 1 Distribution of fold differences of differentially 
expressed transcripts between VMP and SU tissues with Tag- and RNA-
sequencing. Histograms show the number of VMP differentially expressed (DE) 
transcripts (purple) or SU DE transcripts (green) against log2 fold change (VMP 
over SU or SU over VMP respectively) for DE transcripts identified by Tag-seq 
and RNA-seq. 
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Supplementary Figure 2 Identification of differentially expressed transcripts 
between VMP and SU tissues, and human foetal prostate development. Venn 
diagram illustrating the overlap of differentially expressed transcripts (DE 
transcripts) with the human foetal prostate transcriptome (human EMB) [1, 2].  
  



Boufaied et al Supplementary data 

 4 

 
Supplementary Figure 3 Gene ontology analysis of VMP and SU enriched 
transcripts commonly identified by Tag- and RNA-sequencing. Histograms show 
the molecular function GO terms with an FDR adjusted P-value < 0.05. Shading 
of bars represents exact p-adj. value. 
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Supplementary Figure 4 Quality control of VMP and SU single cell RNA-
sequencing data. (a) Histograms show the number of cells against library size 
(per million), number of reads mapped to genes (per thousand), percentage of 
reads mapping to mitochondrial DNA and percentage of reads mapping to spike-
in control DNA. SU cells are presented in green and VMP cells are presented in 
purple. (b) Summary table of numbers of reads, genes and total number of cells 
used following filtering for VMP and SU cells.  
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Supplementary Figure 5 Confounding factors analysis of VMP and SU single 
cell RNA-sequencing data. (a) Histogram detailing the number of cells in each 
cell cycle phase. A phase-specific score was calculated and cells were assigned 
to a phase as per [3]. (b) Density plot of the percentage of explained variation for 
each factor (cell-cycle, cell type, spike-in counts, mitochondrial gene counts (Mt 
counts) and total read counts (Total counts) across all genes. Marginal R2 for 
each variable was computed when fitting a linear model regressing read count for 
each gene against that variable. Each curve represents the distribution of 
percentage of variance across all genes for each factor. The median % of 
variance for cell-cycle, cell type, spike-in counts, Mt counts and Total counts was 
3.16, 0.979, 0.754 and 0.681 respectively. (c) PCA visualization of VMP (triangle) 
and SU (circle) cells where each cell is coloured according to its cell cycle stage. 
(d) Principle components (PC) correlated with cell cycle. PC are ranked 
according to their R2 from linear model regressing PC values against cell cycle. 
Var. = variance. 
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Supplementary figure 6 Cell cycle bias analysis. (a) Identification of 
differentially expressed transcripts associated with cell cycle. Venn Diagram 
illustrating the overlap of differentially expressed transcripts (DE Transcripts) with 
cell cycle- associated genes (Cell cycle genes). (b) Identification of differentially 
expressed transcripts between VMP and SU cells using MAST with and without 
cell cycle adjustment. Venn diagram showing the differentially expressed 
transcripts identified by MAST (MAST), and MAST corrected for cell cycle bias 
(MAST cell cycle). There was a high degree of overlap between the two 
analyses, and a low percentage of cell cycle-specific transcript expression. 
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Supplementary Figure 7 Identification of differentially expressed transcripts 
between VMP and SU single cells with human foetal prostate tissue. Venn 
diagram illustrating the overlap of differentially expressed transcripts (DE 
Transcripts) with the human foetal prostate transcriptome (Human EMB) [1, 2].  
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Supplementary Figure 8 Frequency distributions of expression of differentially 
expressed transcripts in scRNA-seq data commonly identified in Tag-seq, RNA-
seq and scRNA-seq representing markers of VMP and SU cell populations. 
Expression is presented as log2 read counts + 1 (log(EC+1)). Width of the violin 
plot indicates frequency of cells with that expression level.  
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Supplementary Figure 9 Gene ontology analysis of SU enriched transcripts 
commonly identified by MAST and scDD in scRNA-seq. Histograms show the 
biological process (a) and molecular function (b) GO terms with an FDR adjusted 
P-value < 0.05. Shading of bar represents the exact p-adj. value. 
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Supplementary Figure 10 Validation of differentially expressed VMP enriched 
transcripts with VMP enriched transcript identified by SAGE. VMP enriched 
transcripts previously identified by SAGE [4] were re-aligned to the Ensembl 
Rnor_6.0 genome using BLAST [5] yielding 204 transcripts with characterised 
transcript IDs. A Venn diagram illustrates the overlap of VMP enriched 
differentially expressed transcripts identified by Tag-seq and RNA-seq with VMP 
enriched transcripts identified by SAGE. Among the transcripts co-identified 
between the current work and the previous SAGE study were Ptn and Dlk1; 
these have been experimentally validated as VMP-enriched using qrtPCR, in situ 
hybridisation and immunohistochemistry. 
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Supplementary Figure 11 Single cell subpopulation analysis using SC3. 
(a) Consensus clustering of VMP and SU cells using SC3 package identified 4 
subpopulations (kmeans=4), two VMP and two SU subpopulations. Consensus 
matrix showing cluster stability. Blue indicates no consensus, and red indicates 
high consensus. (b) Silhouette plot for cluster identification. Silhouette plot 
showing the number of cells per cluster and the stability (Average width) 
of kmeans=4. The average width range between 0.82 and 0.97 indicates a strong 
cluster assignment. (c) Heatmap showing the expression levels of cluster marker 
genes for each of 4 clusters with AUC>0.75 and Holm adjusted P-value 
<0.05. Data represented as log2(TPM+1).	  	  
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Supplementary Figure 12 Frequency distributions of expression of differentially 
expressed transcripts representing markers of the four cell clusters. Expression 
is presented as log2(TPM+1). Width of the violin plot indicates frequency of cells 
with that expression level.   
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Supplementary Figure 13 Validation of VMP and SU candidate marker mRNA 
expression in female and male P0 rat urogenital sinus whole tissues. Quantitative 
real-time PCR of mRNA (qPCR) showed little difference in levels of known SU 
candidate markers between VMP and SU and between male tissues. Data is 
represented as mean fold difference to VMP ± SD (labeled in red) of duplicate 
biological replicates and duplicate technical replicates (n=4). Significance was 
detected using One-way ANOVA with TUKEY multiple comparison *p<0.05. 
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