
Supplemental Fig. 1 | Summary of epithelial cell subsets in human and mouse intestine.
a Overview of epithelial cell cluster characteristics from pre- and postnatal human intestine.
b Overview of epithelial cell cluster characteristics from human intestinal organoids.
c Overview of epithelial cell cluster characteristics from mouse intestine. The subset-specific TFs were
obtained by regulon specificity score (RSS) and functional genes were obtained by differential
expression analysis.
+++ indicates that the cell subset is detected and the proportion of it in the epithelial compartment of the
respective region is more than 30%, ++ indicates that is more than 10% but less than 30%, + indicates
that is more than 1% but less than 10%, -/+ indicates that is less than 1%, and - indicates no detection of
this cell subset.



Supplemental Fig. 2 | The distribution of samples in various cell clusters.
a-d Bar plots showing the contributions of different samples in various cell clusters in postnatal human
intestine(a), prenatal human intestine (b), human iPSC-derived organoid (c) and mouse (d).





Supplemental Fig. 3 | Regional heterogeneity and cell type specificity of AMPs in intestinal
epithelial cells.
a-c Violin plots showing the expression of SI-specific AMPs in the proximal (a) and distal SI (b), and
LI-specific AMPs in the LI (c).
d t-SNE embedding showing the expression of SI-specific AMPs (DEFA5, DEFA6, REG3A, REG3G,
LYZ, ITLN2, PRSS2, and REG3G) in epithelial cells. The same number of cells (10,000 cells) were
randomly sampled from the proximal SI, ileum, and LI.
e t-SNE embedding showing the expression of stem cell (LGR5) and TA (MKI67) markers in epithelial
cells. The same number of cells (10,000 cells) were randomly sampled from the proximal SI, ileum, and
LI.
f Line chart showing the expression of three SI-specific AMPs (LYZ, DEFA5, REG3A) in proximal SI
(Pro. SI), distal SI (Dis. SI) and LI in scRNA seq data. The length of the error bars is a 95% confidence
interval for the mean.
g Bar plot of bulk RNA-seq data (E-MTAB-1733) showing that LYZ has a significantly higher
expression level in the duodenum (n = 4 biologically independent samples) than in the ileum (n = 8
biologically independent samples). Data are presented as mean ± SEM. All p-values were calculated and
reported using two-tailed Student’s t-test. Source data are provided as a Source Data file.





Supplemental Fig. 4 | Multi-omics verification of the regional heterogeneity of antimicrobial
peptides expressed on the crypt-villus axis and different intestinal regions.
a Dot plot showing the diversity of AMPs expression pattern in different intestinal regions and cell
specificity of AMPs.
b Bowel sections from human intestine are immunostained for LYZ, PLA2G2A and WFDC2, from
https://proteinatlas.org. Scale bars, 200μm.
c Bowel sections from intestine are immunofluorescent stained for PRSS2 (red), LGR5 (green) and
DAPI (blue). Scale bars, 50 μm. Staining repeated on two to three participants.
d RNAScope in situ hybridization of DEFA5 (red), LGR5 (green), and DAPI (blue) in bowel sections
from the human duodenum. Scale bars, 10 μm. Staining repeated on two participants.
e Immunofluorescent (left) and immunohistochemical (middle) images showing the expression of
DEFA5 in TA cells. Immunohistochemical (right, from https://proteinatlas.org) image showing the
location of TA cells in the crypt by MKI67 staining. Scale bars, 50 μm in immunofluorescent image and
100μm in immunohistochemical images.



Supplemental Fig. 5 | SI-specific AMPs are ubiquitously expressed in human postnatal ileal
epithelium.
a Dot plot showing the expression of SI-specific AMPs in epithelial cell lineages in the validation
dataset (from www.gutcellatlas.org).
b Dot plot showing the expression of SI-specific AMPs in epithelial cell lineages grouped by
developmental stage and anatomical location in the validation dataset (from www.gutcellatlas.org).



Supplemental Fig. 6 | SI immune cells also highly express SI-specific AMPs.
a UMAP embedding of human immune cells in scRNA-seq data.
b Feature plots showing the expression of SI-specific AMPs (DEFA6, DEFA6, REG3A, REG3G) in
immune cell compartment.
c UMAP embedding of eight B/Plasma cell subsets.
d Feature plots showing the expression of B cell markers, SI-specific AMPs, and epithelial markers in
B/Plasma compartment.



e, f Scatter plots showing the co-expression of representative SI-specific AMP (DEFA5) and the marker
genes of T (e) and B cells (f).
g UMAP embedding of immune cells from 44 tissues (Tabula Sapiens cell atlas).
h, i UMAP embedding of immune cells coloured by anatomical location (small intestine, pink; other
tissues, grey) (h), and representative SI-specific AMP (DEFA5) (i).
j UMAP embedding of immune cells coloured by cell types (T cells, blue; other immune cells, orange).
k Bar plot depicting the proportion of DEFA5+ cells in T cell compartment of 44 human tissues.





Supplemental Fig. 7 | BATFs are the upstream regulators of intestinal AMPs.
a A dendrogram of regulons for epithelial cell subsets in different developmental stage and anatomical
location. TFs at each branching point are representative regulons of subjacent groups. BATFs in
postnatal SI lineages are highlighted. Branches are colored by development stage. Numbers represent
the cell types and are colored by intestinal region.
b Venn network plot of SI-specific AMPs and their TFs highlighting the common upstream elements
such as NR1H3, NR1H4 and VDR.
c Feature plots showing mRNA expression of VDR and NR1H3 in small intestinal epithelial cells.
d-f Small or large intestinal ChIP-seq analysis of FXR (d), LXR (e), and VDR (f) binding sites in AMP
genes.



Supplemental Fig. 8 | Effects of perturbing BATFs in vivo on predicted targeted AMPs.
a, b PCA embedding demonstrating transcriptome of mice intestinal tissues with different genotypes (a,
Nr1h4 disturbance; b, Vdr disturbance).
c Heat map showing the expression of potential target genes of NR1H4 in Nr1h4-fl/fl (control) and
Nr1h4-intKO mice.
d Heat map showing the expression of potential target genes of VDR in Vdr-intKO/TG (control) and
Vdr-intKO mice.
Source data underlying c and d are provided as a Source Data file.



Supplemental Fig. 9 | Chromatin accessibility is involved in shaping the regional heterogeneity of
AMPs.
a Intestinal (top) and hepatic (bottom) ChIP-seq analysis of FXR binding sites in Reg3b, Reg3a, and
Lyz1.
b Chromatin accessibility of AMP-associated gene fragments in randomly sampled epithelial cells (n =
2500 cells, respectively) from three organs. The mean accessibility per organ is indicated with a colour
scale from 0 (closed) to 1 (open).



c Aggregated single-cell profiles showed significant differences in chromatin accessibility of SI- (i.e.
DEFA5, DEFA6, REG3A, REG3G, PRSS2), co-expression, and LI- (i.e. LYPD8, WFDC2, PI3) specific
AMPs in human liver, ileum, and colon tissue. Cells included in the analysis were randomly selected
from the three organs (n = 2500 cells, respectively) to avoid the bias of differences in cell numbers.
d, e UMAP embedding showing the chromatin accessibility of enterocyte markers (d, APOA1 and
APOA4) and Paneth cell markers (e, DEFA5 and REG3A) in the human ileum.



Supplemental Fig. 10 | BATFs-AMPs axis establishes intestinal AMPs immune surveillance before
birth.
a Feature plots showing expression of selected AMP genes that varies in postnatal, prenatal and tHIO.
b, c Feature plots (b) and bar plots (c) showing expression of BATFs (NR1H4, NR1H3, and VDR) that
varies in postnatal (n = 24094 cells), prenatal (n = 31916 cells) and tHIO (n = 3164 cells).
d Shown are changes in expression of SI-specific AMPs (DEFA5, DEFA6 and REG3G) during 6-13
PCW of fetal development (n = 1055 and 715 cells for ileum and colon in 6 PCW respectively, n = 938
and 505 cells for ileum and colon in 7 PCW respectively, n = 1800 and 188 cells for ileum and colon in
8 PCW respectively, n = 4204 and 1978 cells for ileum and colon in 9 PCW respectively, n = 4991 and



2214 cells for ileum and colon in 10 PCW respectively, n = 2677 and 802 cells for ileum and colon in 11
PCW respectively, n = 1168 and 3148 cells for ileum and colon in 12 PCW respectively, n = 3020 and
2983 cells for ileum and colon in 13 PCW respectively).
e Regional heterogeneity of bile acid nuclear receptor (i.e. NR1H3) gradually established with fetal
development (n = 7997 and 3386 cells for ileum and colon in 6-9 PCW respectively, n = 11856 and
9147 cells for ileum and colon in 10-13 PCW respectively, n = 8382 and 5510 cells for ileum and colon
in 14-16 PCW respectively, n = 2746 and 4856 cells for ileum and colon in 17-19 PCW respectively, n =
935 and 1835 cells for ileum and colon in 20-22 PCW respectively).
f Shown are changes in expression of BATFs during 6-13 PCW of fetal development (n = 1055 and 715
cells for ileum and colon in 6 PCW respectively, n = 938 and 505 cells for ileum and colon in 7 PCW
respectively, n = 1800 and 188 cells for ileum and colon in 8 PCW respectively, n = 4204 and 1978 cells
for ileum and colon in 9 PCW respectively, n = 4991 and 2214 cells for ileum and colon in 10 PCW
respectively, n = 2677 and 802 cells for ileum and colon in 11 PCW respectively, n = 1168 and 3148
cells for ileum and colon in 12 PCW respectively, n = 3020 and 2983 cells for ileum and colon in 13
PCW respectively).
g Shown are changes in the fraction of DEFA5 positive non-Paneth cells and Paneth cells during 6-22
PCW of fetal development.
The length of the error bars is a 95% confidence interval for the mean in Supplemental Fig. 10. NS, not
significant. All p-values were calculated and reported using two-tailed Student’s t-test.



Supplemental Fig. 11 | Abnormal BATFs-AMPs axis mediates disruption of AMPs in Crohn’s
disease.



a Expression of REG3G in histological sections (n = 3 for each phenotype). Scale bars, 250 or 25 µm.
b, c Expression of NR1H3 (a) and VDR (b) in histological sections (n = 9 for each phenotype). Scale
bars, 250, 50 or 25 µm.
d, e Shown are changes in expression of Paneth cell-AMPs (DEFA5, DEFA6, PRSS2, REG3G, ITLN2)
in ileal stem cells (d) and Paneth cells (e) during CD progression (n = 3244, 1435, and 817 cells for stem
cells in healthy, non-inflamed, and inflamed states respectively; n = 1958, 222, and 122 cells for Paneth
cells in healthy, non-inflamed, and inflamed states respectively).
f, g Shown are changes in expression of AMPs (DEFA5, DEFA6, REG3A, PLA2G2A) (f) and BATFs
(NR1H4, NR1H3, VDR) (g) in ileal T/ILCs during the progression of CD (n = 7786, 27107, and 27479
cells for T/ILCs in healthy, non-inflamed, and inflamed states respectively).
The length of the error bars is a 95% confidence interval for the mean in Supplementary Fig. 11. NS, not
significant. All p-values were calculated and reported using two-tailed Student’s t-test.


