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Supplementary Figure Legends

Supplementary Figure 1. Data quality and pre-processing for single-cell
transcriptomics. A. Schematic showing the pre-processing and quality control

thresholds of the single cell data. B. Quality control metrics post elimination of ambient



RNA, low quality cells, high mitochondrial percentage cells and doublets. C. Expression
of mucosal compartment marker genes in feature plots pre and post filtering. D. UMAP
overlaying the three compartments post filtering. E. Cell type composition across

samples. Percentage of cells on y-axis from each cell type.

Supplementary Figure 2. Enriched KEGG pathways in single cell transcriptomic
differential expression modules A. Top 50 KEGG pathways across epithelial cell types.
B. Top 50 KEGG pathways across immune cell types. Barplots include the disease
pathways that had been filtered out in Figure 2B. C. Heatmap of all module genes from

Figure 2E and their differential expression (inflamed vs non-inflamed) in all cell types.

Supplementary Figure 3. Reproducible cell-cell communication across the
samples. A. Heatmap indicates the proportion of RL pairs (plus direction) conserved

across individual samples (beginning with S) and groups (NI colored yellow and IF colored
purple).
Supplementary Figure 4. Dysregulated ECM signaling in inflamed compared to

noninflamed CD. Chord illustration of ECM receptor-ligand interaction in AGRN, HSPG,

THBS, COLLAGEN and LAMININ pathways.

Supplementary Figure 5. Data quality and pre-processing of spatial transcriptomics
dataset. A. Quality metrics of spatial transcriptomics processed samples before
mitochondrial and ribosomal gene filtering. B. Quality metrics of spatial transcriptomics

processed samples after filtering mitochondrial and ribosomal genes.

Supplementary Figure 6. Spatial non-negative matrix factorization demonstrates

patient mucosal biology and compartmentalization. A. Mapping of three factors



corresponding to compartments (“‘compartment-based factors”) using spatial non-
negative matrix factorization (left) and estimated cell type proportions using CARD
deconvolution (right) in representative tissue section ST15 (from PT5). B. Hierarchical
clustering of correlations between factors from non-inflamed PT1 (left) and inflamed PT2

(right) tissue sections.

Supplementary Figure 7. Enriched KEGG pathways across single-cell and spatial
transcriptomic methodologies. Frequencies of all KEGG pathways enriched in both
single cell transcriptomic modules and spatial transcriptomic factors, including disease

and infection-related pathways that were filtered from Figure 5B.

Supplementary Figure 8. Cell type proportions deconvolved from ileal CD tissue
sections. Hematoxylin and eosin staining of patient tissue sections and cell type
deconvolution using CARD algorithm of two representative ST sections per patient,
including ST2 and ST3 for Patient 1 (A), ST6 and ST7 for Patient 2 (B), ST10 and ST11

for Patient 3 (C), ST12 and ST13 for Patient 4 (D), and ST15 and ST16 for Patient 5 (E).

Supplementary Figure 9. Visualization of cellular localization and compositional

changes in cell adhesion enriched tissue regions during Crohn’s disease.

A. For spatial tissues ST1 (Patient 1, non-inflamed) on top and ST14 (Patient 4, inflamed)
on bottom. Plots from left to right represent hematoxylin and eosin staining (leftmost
panel), overlay of cell adhesion molecule genes onto spatial tissues (second to leftmost),
cell-type deconvolution of spatial tissues with expanded view of regions containing high
enrichment of cell adhesion molecule genes as pies (second to right), and stacked barplot
of 20 representative spots’ cell type proportions (right). B. Cell type co-localization

corresponding to 20 representative highly enriched cell adhesion molecule spots in ST1



(Patient 1, non-inflamed) on left and ST14 (Patient 4, inflamed) on right. C.
Immunofluorescence of activated macrophage markers ITGAX (red) and CD68 (green),

epithelial marker E-cadherin (white), with DAPI (blue).



Supplementary Figure 1
A

Crohn’s Disease lleal
mucosal samples

Before QC: 68186 cells

Step 1

No Quality control +
RPCA Integrated

Calculated QC metrics based on
‘nFeature_RNA’, ‘percent.mt’ distributions
across the cell types in initial unfiltered

Step 2

Applied QC metrics from step1 to each sample

o Removed ambient RNA using CellBender

. Pruned mitochondrial and ribosomal genes

o QC’ed cells with less than 100 features/cell and
greater than 80% MT

. Removed doublets using DoubletFinder

data
After QC: 52396 cells
nFeature_RNA nCount_RNA Percent.Mt
B 12500 80
10000 3e+05-
60
7500
2e+054 40
5000
1e+05-
2500 1L »
0 0e+00--L 0
NI ONOPO T AT D P NOYTRON RO AN®T D LIPS A A AL AL AL
™ N MO - TAMNMTODONOIO ™ ANMS O
—_r oo NODNDNNNNDN =T 11 ™1
DRDBDDDDDD G B D OOONONO®N DODOHONONONOD o o h
C Pre-filtering Post-filtering
EPCAM KRT8 KRT18 KRT8 KRT18
g o . b ) § o H %u—g;" ’
E] i ) F £ £ £
z 25 |7 : 3 2 H . .3 .
10+ T 04 1 9 R 1 -10: E 10 - ’
d0 0 10 05 0 5 10
e 1 AP 1
MS4A1 JCHAIN
104 PR Y [ . 0 s 5] e D .
‘ 4 4 S
N °q s g o N .o =
< 07 07 a o a o - < 04 - .
H 2 2 L2 E CE 2
H H H X H 25 B N H X
104 ! 104 ' 10 -10- 1 10+ = 1 104
5 0 5 10 5 0 5 10 f05 0 5 10
et et U1
IGHA1 CD3D ACTA2
s s » s -~ s s
104 104 10 ) w0 s 104 5 404
B 4 v ‘ A . 4 4
o o ‘y N - N N N
g o % o . : g o o 0% of e
H H -5 i H . H ‘ -5 o
10 7 e el T 1 10 S ] a0 s
R R R I A R Y RIS Y
e 1 map 1 e 1 map 1 Unap_ 1
D E NonlInflamed Inflamed
100
® Epithelium
1 ® Immune - stem = Tt
—_ TA Enteroendocrine
® Stromal S B it Epitnelial stromal
-~ B mmature Enterocytes [l PTPRCH
i) I cErcAVs:Enterocytes [l Naive
N [ B ererocytes I cioing
G .ff Bl scenecoes e
= O s B vate Entorocytes Plasma
™ e Nave T
o I ricooyesscovor [ cosT
- B s+ cobler R
“0 . S Govler Macophages
(S I covietPanetnow) [ intmacrophages
»* A [5) I Perenn I vest
o
B 5 b )
umAp_1
o
T S S TP e P




A R B e Supplementary Figure 2

Antigen processing and presentation

Staphylococcus aureus infection:
Type | diabetes mellitus-

Intestinal immune network for IgA production:

NOD-like receptor signaling pathway
Metabolic pathways:

Leishmaniasis-

dhesion molecules (CAMs)
Asthma:

Graft-versus-host disease:
Autoimmune thyroid disease-

Huntington's disease
Hematopoietic cel
Alzheimer's disease:

Allograft rejection

Glycerophospholipid metabolism

Epithelial cell signaling in Helicobacter pylori infection:
Cell adhesion molecules (CAMs)

B cell receptor signaling pathway-

Asthma:

Osteoclast differentiation:

Systemic lupus erythematosus:
Parkinson's disease-

Oxidative phosphorylation:
Huntington's discase:
Tuberculosi Oocyte mei

Neurotrophin signaling pathway
Natural killer cell mediated cytotoxicity:
N-Glycan biosynthesis-
mRNA surveil

Salivary secretion:
Osteoclast differentiation-

0 0
g Natural killer cell mediated cytotoxicity- g
H
2 Endocytosis- g
© Cardiac muscle contraction- ©
g PPAR signaling pathway g
Metabolic pathways:- Insulin signaling pathway-
Measles Graft-versus-host disease
Toll-like receptor signaling pathway- Glutathione metabolism:
Steroid hormone biosynthesis- Glutamatergic synapse-
RIG-Iike receptor signaling pathway:
Regulation of actin cytoskeleton- Focal adhesion:
Purine metabolism: Fe gamma R-mediated phagocytosis:
Protein processing in endoplasmic reticulum- Fc epsilon R signaling pathway:
Proteasome
Pathways in cancer Endometrial cance
MAPK signaling pathway- Cytokine-cytokine receptor interaction:
Hepatitis C: Collecting duct acid secretion
Focal adhesion- Cholinergic synapse:
Drug metabolism - cytochrome P450- Chemokine signaling pathway
Cytosolic DNA-sensing pathway- Base excision repai
Cytokine-cytokine receptor interaction: Bacterial invasion of epithelial cells:
Colorectal cancer Axon guidance
Chemokine signaling pathway- Autoimmune thyroid disease:
Calcium signaling pathway: ic right ventricular cardi (ARVC)
B cell receptor signaling pathway- Antigen processing and presentation-
Arachidonic acid metabolism Amyotrophic lateral sclerosis (ALS)
Apoptosis: Alzheimer's discase
Adherens junction: Allograft rejection-
8 12 16 0.5 1.0 15
# of Epithelial Modules # of Immune Modules
C = SRR TR AR = 53 Stem
** P RIS I B K3 * + *
& Vel H M - Proliferating Epithelial
3 D BEEEEE NG * an ¥ ST [ * [ * u + T || immature Enterocytes
% B R B [ T 1| T * [ * u Enterocytes
T S R LE * * * g SLC+Enterocytes
= HEEEEEEE *[*]* * = B LCN2+CEACAMB+SLC+CCL20+Enterocytes.
w1 % i A ** [ w R [E® *w * * R LI * | Matore Enterocytes
o [* [ | 5 BEST4+
E Enterocytes+Goblet
EEAED * EAERERED * * * * Goblet Differential
e e o * > * * i HES6+RETNLB+Goblet Expression
L] 2 WEIRE L L BAF i | ] I L] Goblet+Paneth(low) 4
1 - FTF| % [%]* =¥ LW BRI R N paneth
Tuft 2
* Enteroendocrine 0
] PTPRC+ l
| ] | |NaiveB 2
| | Cycling B
* * ** * B B
* | | Plasma cells
2 4 i o Naive T
] * * [ |cosT
3 Treg
d H * * Macrophages
Inflammatory macrophages
Mast
Stromal
IV - OVROO A CDOL T = CTWULO AN T T CTLLNOS T eS0T O0OENNTO o T O0NNNS S N@ ZUOOXFOCO <A<
EPE2282: 55993z Yy288 out afxx® 230 Banzd 28r%a 28L8h P
R R EE LR R PR S R R S H et B EEE e L LS
802%8 "1115'5'5'255'11‘“25‘_ RPPEC IE30C8E0 3 g EEE5R2: 08038655 3522 5878
2 T2F2T4 62 gk< % o £ 2



Supplementary Figure 3
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ECM Signaling Networks
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Supplementary Figure 5
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Supplementary Figure 6
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Supplementary Figure 9
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