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Figure S1. Compartment differences of young colonic epithelium, related to Fig.1.

(A) Separated tSNE plots of young and old mice (n = 5 young, 6 old biologically independent
animals) (B) Top 10 marker gene heatmap for large intestinal compartments. (C) gPCR performed
on crypts isolated from different compartments of young female mice (n = 4 biologically
independent animals; 1-tailed paired t-test; mean + SD). (D) gPCR performed on crypt and
organoid pairs from different compartments of young male mice. (n = 4 biologically independent
animals (n = 2 cecum organoid samples); 1l-tailed paired t-test used between young
compartments, 1-tailed unpaired t-test used between young and old animals; mean + SD). (E)
Enriched Canonical Pathways from IPA for compartments. (n = 5 young, 6 old biologically
independent animals) (F) Predicted Upstream Regulators from IPA for compartments. (n = 5
young, 6 old biologically independent animals) (G) gPCR performed on crypts isolated from
different compartments of young, old and old calorie restricted specific pathogen free female mice
as well as young and old germ-free female mice. (SOPF: n = 5 young, 5 old and 4 old calorie
restricted biologically independent animals (Young ProxCol n = 4); Germ-Free: n = 4 young, 4 old
biologically independent animals; 1-tailed unpaired t-test; mean + SD). ns, p>=0.05; *, p<0.05; **,
p<0.01; *** p<0.001;
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Figure S2. Differences between compartments and during aging in different epithelial cell
types, related to Fig.2, Fig.3 and Fig.4.

(A) FACS gating of Lgr5-GFP cells. (B) Enriched Canonical Pathways and Predicted Upstream
regulators from IPA for the Stem-TA cluster. (n =5 young, 6 old biologically independent animals)
(C) Separate tSNE of colonocytes_1 and _2 with compartments overlaid (left) and Graph-based
re-clustered colonocytes overlaid on the original tSNE (right). (n = 5 young, 6 old biologically
independent animals) (D) Fractions of compartment-enriched colonocytes in the corresponding
compartments (n = 5 young, 6 old biologically independent animals). (E) Top 10 marker gene
heatmap for re-clustered colonocytes (n = 5 young, 6 old biologically independent animals). (F)
Bar charts of re-clustered colonocyte fractions in different compartments in young and old. (n =5
young, 6 old biologically independent animals; 1-tailed unpaired t-test; mean + SD). (G) Enriched
Canonical Pathways from IPA for goblet cells (n = 5 young, 6 old biologically independent
animals). (H) Predicted Upstream Regulators from IPA for goblet cells. (n = 5 young, 6 old
biologically independent animals) (I) Top 10 marker gene heatmap for tuft cells in different
compartments (n = 5 young, 6 old biologically independent animals). (J) Enriched Canonical
Pathways from IPA for Tuft-EE cells. (n = 5 young, 6 old biologically independent animals) (K)
Predicted Upstream Regulators from IPA for Tuft-EE cells. (n = 5 young, 6 old biologically
independent animals) ns, p>=0.05; *, p<0.05; **, p<0.01; ***, p<0.001;
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Figure S3. Immune cell population enrichment in different compartments of young mouse
colon. Related to Fig.5.

(A) Hierarchical clustering and heatmap of the expression of the top 20 markers of each of the 14
clusters in immune scRNAseq analysis (n = 4 young, 4 old biologically independent animals). (B)
Violin plot of the expression level of typical marker genes in the same dataset as in (A) (n =4
young, 4 old biologically independent animals). (C) Violin plots of the expression levels of marker
genes for B-, CD4 and CD8 cells in different compartments in the large intestine of young and old
mice. (n = 4 young, 4 old biologically independent animals).



A [T young [l old B
1.00

B_Tymphocyte T _lymphocyle Tyeloid_lineage
ns ns ns ns {nNs ns ns ns ns |3#youm;| |4kvnung| |5#young| |s#young| | T¥old I | 2#old | I Séold I | Géold | = gce"ﬁEar‘y
1.00 ™ 1.00 —ce
| = I Beell-Isg
075 B Plasma
0.75 0.75 [ | CD4-Early
o o - CD4-Naive
= T CD4
© .
S50 € 050 0.50 l CD4-Cytotoxic
g g CD4-TEM
025 l I I 0.25 I I W cos
025 B Monocyte
0oo{und SHE 8l mnll | |[=Cs o B Mactophage
T T T T T TrIT T T T B Neutrophil
o0 il ES% £33 =33 £3% £33 £33
$%% 3%% 3%% R%% 3:® §E®
g g B g 8 8 g S =] OFyo Ooyo Oyo OFO0O oFyo OFo
o o o
C Upstream cytokines D Upstream regulators
B cell CD4 B cell CD4
2 -»
EPO [ ] *’ MLXIPL [ ] MLXIPL. 'Y
u o ® o . .
L3 ® L L ® torint ®
TNFSFI! [ ] B LARP1 [ ] LARP1 L ]
mf:,t; -’ ‘ R L2 u,.-..,,mmuz,? RIGTOR ’. o f— ® Horker s
115 ® [ H MYC ® - aﬂ:: MY " L ] -
|L1"7nal .. [ 28 CTNNB1 ® @  RCTOR [ = :
TNF| @ ‘_ :.su!m MYCH L] o= WYCN * o=
‘TF:’; -' Ez’ sirglimus ® "E‘E" sirolimus Y 2o
6| . 5 S-fuorouracl | e ii TCR| & !:‘
-mgm%p—value: 409%015-\&!) ¢ m ‘5 dwf&w\ue; = o o " -lcn%?uu:»-\fme]25 0
Cecum CD4-Early Aging pathways Cecum CD4-Naive Aging pathways
ElF2 Signaling EIF2 Signaling
Regulation of &lF4 and p70SBK Signaling Regulation of 14 and profg: gfg”a:‘”g
m ignaling
mTOR Signaling Unfolded protein responss
Protein Ubiquitination Pathway
Unfelded profein response Role of PKR in Interferon Induction and Antiviral Response
Communication between Innate and Adaptive Immune Cells HIF1a Signaling
B o Endoplasmic Reticulum Stress Pathway-
Protein Ubiguitination Pathway Lipid Antigen Presentation by CD1
Role of PKR in Interferon Induction and Antiviral Response Cytotoxic T Lymphocyte-mediated Apoptosis of Target Cells
5 S Antigen Presentation Pathway.

Jogi0p G 10 20 30

G -log10 p

ProxCol CD8 Aging pathways

EIF2 Signaling

Tec Kinase Signaling <

HMGB1 Signaling 4

NRF2-mediated Oxidative Stress Response o
JAK/Stat Signaling 4

ERK/MAPK Signaling

SAPK/NK Signaling <

Signaling by Rho Family GTPases o

p38 MAPK Signaling o

Role of PKR in Interferon Induction and Antiviral Response
Glucocorticoid Receptor Signaling

IL-23 Signaling Pathway =

iNOS Signaling <

CXCR4 Signaling 4

T Cell Exhaustion Signaling Pathway -

Role of NFAT in Regulation of the Immune Response
Lymphotoxin B Receptor Signaling 4

IL-17 Signaling o

IL-2 Signaling

©D40 Signaling o

IL-7 Signaling Pathway -

IL-3 Signaling

IL-1 Signaling <

PD-1, PD-L1 cancer immunotherapy pathway <
T Cell Receptor Signaling -

RhoA Signaling

PKC# Signaling in T Lymphocytes
Recognition of Bacteria and Viruses

eNOS Signaling

RhoGDI Signaling 4

IL-17A Signaling in Gastric Cells

~lag10 p



Figure S4. Different aging characteristics of immune cells from different compartments of
large intestine, related to Fig.6.

(A) Bar charts of cell ratio of the three immune lineages between young and old mice in cecum,
proximal colon and distal colon. (n = 4 young, 4 old biologically independent animals; Welch’s
two-tailed t-test; mean = SD). (B) Stacked bar charts showing the cell population composition in
each compartment of each sample (n = 4 young, 4 old biologically independent animals). (C, D)
Bubble plots showing typical upstream cytokines (C) and upstream regulators (D) potentially
inducing the aging changes in B- and CD4 cells of large intestine. P value was calculated by using
Fisher’'s Exact Test, z-score was calculated here to show the activated prediction (z>0) or inhibited
prediction (z<0) (n = 4 young, 4 old biologically independent animals). (E, F, G) Bar chart showing
the -log10 enrichment p-value (x-axis) of the GO pathways enriched in cecum B cell aging (E),
cecum CD4-Naive cell aging (F) and ProxCol CD8 aging (G). P-value is calculated by the right-
tailed Fisher Exact Test. (n = 4 young, 4 old biologically independent animals) ns, p>=0.05; *,
p<0.05; **, p<0.01; ***, p<0.001;
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Figure S5. Changes in cell-type interaction during aging, associated with interaction
between immune and epithelial cells, related to Fig.7.

(A) Pie charts indicating the percentage of interacting partners between epithelial/immune cells
and epithelial cells in young and old groups from cecum (left), proximal colon (middle) and distal
colon (right) (n = 4 young, 4 old biologically independent animals). (B) Heatmap of mean
expression level of ligand-receptor pairs in the interaction between epithelial/immune cells and
epithelial cells in cecum (left), proximal colon (middle) and distal colon (right). Row — source cell
types, column - target cell types (n = 4 young, 4 old biologically independent animals). (C, D)
Bubble plots of significantly (p<0.05) interacting partners between EE cells (C), B-cell-Early (D)
and epithelial cells in proximal colon (left) and distal colon (right) (n = 4 young, 4 old biologically
independent animals; P-value (rank-sum test) refers to the enrichment of the interacting ligand-
receptor pair in each of the interacting pairs of cell types. First gene: ligand, second gene:
receptor). (E) Bubble plot of expression of cytokines in young and old immune cells, that are
predicted to induce epithelial aging in cecum and colon (n = 4 young, 4 old biologically
independent animals).
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