










 

Supplemental Figure 3. Comparison of quality control measures reveals similar 
sequencing depths and gene capture between FGID and pediCD 

a. Quality control measures for scRNA-seq of ileal biopsies of 27 patients (13 FGID, 14 
pediCD) included in the study. Top two graphs denote total genes (nFeature) and UMIs 
(nCount) after normalization with SCTransform. Lower graphs denote total genes 
(nFeature), UMIs (nCount) and mitochondrial read percentage (mt.percentage) of pre-
processed 10X 3’ v2 single-cell RNA-sequenced samples. Cutoffs for individual samples 
are represented in Supplemental Table 2.  

b. Quality control measures as in a split by cell type.  
c. Comparison of total genes captured (nFeature, left) and total UMIs (nCount, right) 

between FGID (blue) and pediCD (red) split by cell type.  
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Supplemental Figure 4. Traditional clustering with SCTransform normalization reveals 
similarities across cell types in FGID and pediCD 

a. UMAPs representing one round of clustering of 197,281 single-cells across FGID and 
pediCD samples. Traditional clustering performed on disease states together. Colors 
represent major cell types determined by one round of clustering with Seurat RunUMAP 
parameters (PCs = 1:50, n.neighbors = 50, min.dist = 1). Cell types were assigned based 
on significantly upregulated marker genes (Wilcoxon; p.adj<0.05) obtained from 
comparison of specific cell type versus all other cell types.  

b. UMAPs as in a colored to highlight FGID (blue) and pediCD (red) cells.  
c. UMAP as in a colored by Tier 1 ITC clusters performed separately for FGID and pediCD.  
d. Comparison of cell cluster frequencies between FGID (blue) and pediCD (red). Patient 

contributions denoted by circles (FGID) and triangles (pediCD).  
e. Differentially expressed genes across cell type in FGID vs pediCD determined to be 

significant by Wilcoxon test (logFC>0.25, FDR<0.001).  
f. Volcano plots for Myeloid, Epithelial, T-cell clusters denoting differentially expressed 

genes in FGID vs. pediCD. Those in pink are significant by Wilcoxon test; Supplemental 
Table 4 for full gene lists. 

g. UMAPs of jointly clustered pediCD and FGID Myeloid cells.  
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Cells passing quality thresholds 139,342 115,569
Included in atlas tSNE 124,054 99,488
Included in ITC tree - with p044 but no doublets 107,432 94,451
Final numbers used for analysis - no p044 107,432 89,849

clusters
Raw ITC 514 837
Included in atlas tSNE 425 182
Included in ITC tree - with p044 but no doublets 305 138
Final number used for analysis - no p044 305 118

Supplemental Figure 5
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Supplemental Figure 5. Schematic for iterative tiered clustering and random forest 
classifier approach  

a. Flowchart depicting iterative tiered clustering (ITC) used for generating FGID and pediCD 
cellular atlases. After sequencing, cells underwent quality control and a cell by gene 
expression matrix was derived from the 27 ileal samples. Dimensionality reduction and 
graph-based clustering were performed using the standard Seurat workflow to annotate 
cell types. Resulting clusters were then iteratively processed through the same pipeline 
unless end conditions were met. Each cluster was checked for three end conditions which 
included: only one cluster remaining, two clusters remaining with no more than 5 up and 
down regulated genes as determined by Wilcoxon test (logFC > 1.5, FDR < 0.001), and/or 
less than 100 cells in the cluster. Iterative clustering stopped if any of the three conditions 
are met. Unlike traditional Seurat clustering, in ITC principal component and clustering 
resolution parameters are chosen automatically. Stop conditions are built in as parameters 
to the ITC pipeline, allowing customization to the dataset.  

b. Cell and cluster numbers after various processing steps tabulated 
c. Random forest classifier approach for integrating FGID and pediCD datasets. FGID and 

pediCD datasets were used as training datasets to create random forest predictors used 
in downstream sub-clustering of cell types and subsets. The opposing dataset was then 
tested by each algorithm independently to determine correspondence and bias as 
depicted in Figure 6 and Supplemental Figure 8.   
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a Supplemental Figure 6End Clusters for Crohn’s Disease Myeloid Cells with Descriptive Names and Biologically Curated Marker Genes

End Clusters for Crohn’s Disease Lymphocytes (T/NK/ILC) with Descriptive Names and Biologically Curated Marker Genes
b
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Supplemental Figure 6. Representative marker genes for myeloid and T cells.  
a. Dot plot of curated genes related to myeloid biology. Dot size represents fraction of cells 

expressing the gene, and color intensity represents binned count-based expression level 
(log(scaled UMI+1)) amongst expressing cells. All cluster defining genes are provided in 
Supplemental Table 7 and Supplemental Table 10. Dot size is only plotted if more than 
5% of cells are expressing the transcript. Names are descriptive names generated from 
inspection of ITC output which were then converted to standardized naming scheme as in 
Methods. 

b. Dot plot of marker genes related to T/NK/ILC lymphoid biology as in a.  
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Supplemental Figure 7. Cell types associated with pediCD severity after PCA analysis 
a. Cell cluster frequencies of the parent cell type found to be significant by Mann-Whitney U 

test between selected clusters (see Supplemental Figure 7 for all graphs).  
b. Cell cluster frequencies of the parent cell type between NOA and FR (as above). 
c. Cell cluster frequencies of the parent cell type between NOA and PR (as above). 
d. Cell cluster frequencies of the parent cell type between FR and PR (as above). 
e. GSEA analysis showing the ranks of 92 PREDICT markers (markers of top 25 cell states 

associated with disease severity and treatment outcomes) in bulk RNA sequencing of illeal 
or colonic mucosa of two other treatment-naïve cohorts (pediatric RISK cohort, n = 69, 
adult E−MTAB−7604 cohort, n = 43) comparing pediCD patients who did or did not 
respond to anti-TNF therapy. P-value is estimated based on an adaptive multi-level split 
Monte-Carlo scheme. 
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Supplemental Figure 8. Random Forest classification applied to T cell subsets and 
integration using STACAS 

a. Correspondence between cell subsets from FGID-to-pediCD and pediCD-to-FGID.  
Top left heatmaps: RF probabilities for each cell averaged over subset to gain 
probability of each FGID matching onto each pediCD subset (left), and pediCD onto 
FGID (right).  
Bubble plot (center): size = sum(probability matrices) for confidence of predictions, 
marker color = diff(probability matrices) to show which direction the RF model is more 
confident on, e.g. more likely for FGID subset to belong to pediCD subset or pediCD 
subset to belong to FGID subset. Markers are filtered to show the top 10th percentile 
of correspondence.  
Dendrograms: separated-tiered clustering on prediction probabilities of FGID (blue) 
and pediCD (red) using complete linkage with correlation distance metric, clusters are 
cut at height 0.7 (range 0-1).  
Heatmap: 1-Gini-Simpson index based on patient diversity, mono-patient clusters 
(white), full representation (black). Right 3 columns show row-normalized of frequency 
of NOA, FR, PR representation in each pediCD cell subset. Significant differences 
(Mann-Whitney, alpha=0.05) are marked, triangle NOA vs. PR and circle NOA vs. FR. 

b. T cells from the main FGID (n = 29,640 cells) and pediCD (n = 38,031) datasets were 
integrated using identification of mutual nearest neighbors in a reduced space (reciprocal 
PCA method) with the STACAS package. UMAP plots show distribution of cells coming 
from FGID (blue) and pediCD (red) datasets and 11 clusters obtained using Louvain 
algorithm. Sankey plot shows the contribution of ARBOL clusters to each Louvain cluster 
in the integrated dataset.  

c. Spearman rank correlation heatmap of the counts-per-million for each of the top 25 
clusters defining PC2 positive (NOA-associated) and PC2 negative (PR-associated) 
vectors. Correlation is represented by both the intensity and size of the box and those 
which are FDR < 0.05 have a bounding box  
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