SUPPLEMENTARY FIGURE LEGENDS
Supplementary Figure S1: Flow cytometry analysis of single-cell suspensions from E14.5 mouse kidneys for single-cell RNA sequencing and lineage tracing. (a) Scatter plots show gating on cells to exclude cell debris and doublets based on forward scatter and side scatter properties. Fluorescence intensity dot plot with the x-axis representing GFP fluorescence and the y-axis representing tdTomato fluorescence shows the GFP+ (both tdTomato+ and tdTomato-) cells collected for single-cell RNA sequencing (outlined). (b) Immunostaining of E14.5 (n=1 female embryo) and E16.5 (n=1 embryo sex not determined) control kidneys for GFP (green, stromal), Six2 (blue, NPCs), and Ecad (red, epithelial) confirms that NPCs and epithelial cells do not exhibit GFP labeling. (c) Moreover, immunostaining with the stromal marker PDGFRb (magenta) demonstrates fidelity of GFP labeling for stromal cells. Scale bars, 100 μm.

Supplementary Figure S2: Single-cell RNA-seq analysis of Foxd1 GFP+ tdTomato+ sorted cells from control and Tcf21-cKO kidneys. (a) Violin plots showing number of unique molecular identifiers (UMIs), number of genes, and percentage of mitochondrial genes from control and Tcf21-cKO E14.5 kidney samples. (b) UMAP plot showing the singlets and doublets assignment in control and Tcf21-cKO mice. Doublets were removed from further analysis. (c) Heatmap depicting the relative expression of the top 5 de novo marker genes per cluster. Column color coding is consistent with Suppl Fig. S2d. (d) UMAP showing the unbiased clustering of cells from control and Tcf21-cKO mice. 13 clusters were defined and annotated as stromal (clusters 0,1,2,5,6,7), nephron progenitor cells (NPC) (clusters 3,4,8), epithelial (cluster 9), endothelial (cluster 11), immune (cluster 10), or neuron (cluster 12). (e) Violin plots showing log2-transformed gene expression of the pan-stromal markers Pdgfra and Meis1 across clusters. (f) UMAP plot of control and Tcf21-cKO cells colored by cell-cycle stage  estimated using CellCycleScoring. (g) Violin plot showing log2-transformed Tcf21 gene expression across clusters for control (blue) and Tcf21-cKO (red) cells. (h) Stacked bar plot displaying number of cells for main cell types separated by experimental group and sex.

Supplementary Figure S3: Single-cell RNA-seq analysis of stromal cells. (a) Violin plots showing number of unique molecular identifiers (UMIs), number of genes, and percentage of mitochondrial genes from control and Tcf21-cKO stromal subpopulations. (b) UMAP plot showing the stromal subpopulation annotations on the UMAP from Fig. 1. (c) Violin plot showing log2-transformed gene expression of EGFP, Foxd1, tdTomato, and Tcf21 across stromal subpopulations for control (blue) and Tcf21-cKO (red) samples. (d) Heatmap depicting the expression of stromal gene markers from Combes et al. 28 across our stromal subpopulations. Color scale represents log2 fold change in expression in the given subpopulation compared with all others. (e) Heatmap depicting the proportion of Combes et al 28 top 20 stromal gene markers that overlap de novo markers for each of our subpopulations. (f) Feature plot of log2-transformed gene expression of Emcn across stromal cells.  (g) Violin plot showing log2-transformed Emcn gene expression across stromal subpopulations for control (blue) and Tcf21-cKO (red) cells. (h) UMAP feature plot showing Emcn expression overlaid on stromal subclusters, revealing its distribution across multiple stromal subtypes, including but not limited to the Emcn-expressing cluster. (S0 CS/NZS - cortical/nephrogenic zone stroma, S1 MS+ - medullary stroma+, S2 CD CC - collecting duct-associated stroma cell cycle, S3 CD - collecting duct-associated stroma, S4 CS/NZS/CC -   cortical/nephrogenic zone stroma, and cell cycle stroma , S5 SMC/PERI - smooth muscle cell/pericyte-like, S6 Ur+ - ureteric stroma.)

Supplementary Figure S4: Stromal subpopulation markers for module scores. List of markers for pan-stroma and six distinct populations based on the literature references. These were used to calculate module scores for Fig. 2c.

Supplementary Figure S5: Comparison of stromal cells between Tcf21-cKO and controls. (a) Violin plots showing log2-transformed gene expression of up-regulated genes (Tgfb2, Sparcl1, Postn, Rgs5) across stromal subpopulations for control (blue) and Tcf21-cKO (red) cells. (b) Violin plots showing log2-transformed gene expression of down-regulated genes (Snai2, Ifitm1, Dkk1, Acta2) across stromal subpopulations, for control (blue) and Tcf21-cKO (red) samples. (c) Heatmap depicting the relative expression of 23 trajectory-based modules of co-regulated genes across control cells in each stromal subpopulation. On the right is shown the log2 enrichment of cells expressing these modules in the Emcn-expressing cluster compared with the rest of Tcf21-cKO stromal cells. * indicates p-value<0.05 by hypergeometic test. (d) Feature plot showing module scores across stromal cells split by control (left) and Tcf21-cKO (right) for module 18 (Nephrogenic zone), module 20 (Proliferating), and module14 (Medullary/Perivascular).

Supplementary Figure S6: Elbow Plot, Cluster Tree, and Proportion Graph by Sex for Stromal Clusters. (a) Elbow plot depicting the optimal number of stromal sub-clusters. (b) Cluster tree illustrating robustness of stromal clusters across various resolutions. (c-e)  Relative differences in cell proportions for each cluster between the Tcf21-cKOs versus controls in male and female samples independently. Dashes vertical lines mark absolute log2 fold change (FC) > 1 compared with the control.  All changes in proportion were significant after FDR was applied (scproportion permutation test; n = 1777 cells/group).

Supplementary Figure S7: Stromal Endomucin+ Cells in E18.5 Tcf21-cKO Kidneys. Immunostaining demonstrates the persistence of Emcn+ stromal cells (magenta) and the loss of Acta2 expression (yellow) in Tcf21-cKO kidneys at E18.5, which was similarly observed at E16.5 (Fig. 5e). n=1 control and n=1 mutant embryo, sex unknown.

Supplementary Figure S8: Single-cell RNA-seq analysis of E18.5 control and Tcf21-cKO kidneys. (a) UMAP visualization of individual cells (n = 23,434) integrated from male and female Tcf21-cKO and control E14.5 kidneys, colored by cell type annotation. (b) Bubble plot illustrating the expression of canonical marker genes across cell types. Dot size represents the percentage of cells expressing each gene, and color intensity reflects the average expression level within each cell type. Marker genes were selected based on known cell type identities at E18.5, a more developmentally advanced stage than E14.5; therefore, some differences in marker gene representation are expected. For example, the Foxd1+ stromal progenitor population, prominent at E14.5, is notably smaller at E18.5, as shown in the plot. (c) Sub-clustering of stromal cells (n = 21,922) identified ten transcriptionally distinct populations. Preliminary cluster identities were assigned by label transfer from the E14.5 stromal scRNA-seq dataset. These annotations were subsequently refined based on the expression of canonical stromal markers and validated using de novo marker gene expression profiles. (See Suppl Table S5.) (d) Heatmap showing the relative expression of the top five marker genes for each cluster across individual cells. (e) Final cluster identities representing integrated cell type annotation. 

Supplementary Figure S9: Lineage annotation of single-cell ATAC-seq analysis at E14.5. (a) UMAP visualization of individual cells (n = 5,135 male) from Tcf21-cKO and control kidneys, colored by cell type annotation. (b) Bubble plot illustrating the relative expression of canonical genes based on estimated gene activity.

