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Figure S1: Additional validation of Smarcad1-KO. a Smarcad1-expression in WT SI stem 

cells (ISC), transit amplifying cells (TA), adult enterocytes (AE) and colon epithelial cells 

(CO) by RNA-seq (n=3) as aligned reads and logarithmic quantitation (blue-red gradient). 

Floxed exons 12-14 targeted by intestinal epithelium specific Vil-cre mediated KO are 

indicated in grey. b Quantitation of Western blots (n=3, example shown in Fig. 1f) on WT 
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samples in SI villus/crypt and colon normalized to H3 loading control (>15 kDa band). 

Anterior, central and posterior fractions of SI villus/crypt samples were treated as technical 

replicates. SEM indicated by error bars. Statistical test by 2-way ANOVA with Holm-Sidak’s 

multiple comparison test shown in Additional file 2: Table S1. c RNA-seq quantitation of 

expression of the floxed exons 12-14 (1873 bp) in ISC, TA, AE and CO of WT and KO 

animals. Linear read quantitation RPKM-normalized with SEM indicated by error bars. 

Statistical test by 2-way ANOVA with Holm-Sidak’s multiple comparison test. d Quantitation 

of proliferative cell distance to crypt bottom. No significant differences between WT and KO 

(2-way ANOVA, Holm-Sidak multiple testing correction, P>0.8, SD indicated by error bars, 

n=3). b-d Full statistical results are listed in Additional file 2: Table S1. e, f Intestinal 

localization of proliferative cells by EdU-assay with AlexaFuor488 (green) and nuclear 

counterstaining with DAPI (blue). Scale bars: 20 µm. Representative WT (e) and Smarcad1-

KO (f) samples. g Quantitation of FITC-dextran serum levels indicate KO-unaffected barrier 

function of the intestinal epithelium. 10 mg FITC-dextran were applied per animal for 5 h, 

serum sampled in heparin tubes and fluorescence (emission 488 nm, excitation 522 nm) 

measured relative to a standard curve. 
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Figure S2: Hallmark genes on intestinal Smarcad1-KO deletion. Venn diagrams of gene 

lists identified by DESeq2. a RNA-seq data sets from small intestinal cell types (AE: adult 

enterocytes, TA: transit amplifying cells, ISC: intestinal stem cells, n=3, DESeq2 FDR cut-

off <0.1) and small intestinal organoids (n=3, DESeq2 FDR cut-off <0.05). 23 genes appear 

in at least 2 DEG (differentially expressed genes) lists. See Additional file 3: Table S2 for 

full gene lists and statistics. b RNA-seq data sets from flow-sorted colon epithelial cells and 

whole colon crypts (n=3, DESeq2 FDR cut-off <0.05). See Additional file 4: Table S3 for full 

gene lists and statistics. a, b Total gene number per list is shown in brackets. Genes 

appearing in the DE list overlaps in both, the small intestine and colon, are marked red. 
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Figure S3: Osteocalcin in the intestinal tract of WT and Smarcad1-KO mice. a Bglap3-

expression in WT and Vil-cre mediated Smarcad1-KO SI stem cells (ISC), transit amplifying 

cells (TA), adult enterocytes (AE) and colon epithelial cells (CO) as representative RNA-seq 

tracks. b RNA-seq quantitation of Bglap3 in ISC, TA, AE and CO of WT and Smarcad1-KO 

animals (n=3). b, d, e: SEM indicated by error bars. Statistical test by 2-way ANOVA with 

Holm-Sidak’s multiple comparison test, P-values indicated for selected comparisons. Full 

statistical results are listed in Additional file 2: Table S1. c Representative Western blot of 

Osteocalcin and H3 loading normalization in WT (left) and KO (right) samples. Villus SI 

samples are shown as anterior, central and posterior fractions of the SI. Relative molecular 

weights 25 kDa, 20 kDa and 15 kDa are indicated on the left (top to bottom). d Quantitation 
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of Western blots (n=3) on WT and Smarcad1-KO samples in SI villus (vi), SI crypt (cr) and 

colon (co) normalized to H3 loading control (>15 kDa band). Anterior-posterior fractions of 

villus samples were treated as technical replicates. e Anterior-posterior gradient of 

Osteocalcin. Quantitation of Western blots on WT and Smarcad1-KO samples in SI villus 

(vi), SI crypt (cr) and colon (co) (n=2-6) normalized to H3 loading control and per-sample 

average. The anterior-posterior decrease of Osteocalcin levels is independent of Smarcad1-

KO (P=0.70). f Ca++ blood levels in WT and Smarcad1-KO animals (n=3-4, Unpaired t test 

with Welch's correction, SEM indicated by error bars, statistics are listed in Additional file 2: 

Table S1). 200 µl blood from 12-17 weeks old mice was taken from the heart and mixed with 

10 U heparin. The Colorimetric Calcium Assay Kit (Abcam 102505) was used according to 

manufacturers specifications. 
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Figure S4: H3K9me2/3 in the small intestine epithelium of WT and Smarcad1-KO mice. 

a Representative Western blots of H3K9me2, H3K9me3 and H3 loading normalization in 

WT (left) and KO (right) samples. Villus SI samples are shown as anterior, central and 

posterior fractions along the SI. Relative molecular weight 15 kDa is indicated on the left. b, 

c Quantitation of H3K9me2 (b) and H3K9me3 (c) Western blots (n=3) on WT and 

Smarcad1-KO samples in SI villus (vi), SI crypt (cr) and colon (co) normalized to H3 loading 

control. Anterior-posterior fractions of villus samples were treated as technical replicates. 

SEM indicated by error bars. Statistical test by 2-way ANOVA with Holm-Sidak’s multiple 

comparison test, P-values indicated. Full statistical results are listed in Additional file 2: 

Table S1. d H3K9me3 is enriched over promoters of silent genes. The average H3K9me3 

signals of all WT and KO libraries are shown as ChIP-seq read counts +/- 1000 bp around 

gene start sites. These were binned according to percentile transcript abundance using 

whole small intestine tissue RNAseq data (see e), corrected for gene length. The y-axis was 

capped at (log2) 7. e Significantly up/down-regulated genes in small intestinal tissue RNA-

seq (DESeq2 test with cutoff FDR<0.05, n=4). X-axis: Smarcad1-KO/WT log(2) fold-

enrichment of reads per transcript. Y-axis: -log(10) DESeq2 FDR. High FDR values capped 

at indicated max. Y-values for visualization. 0-expression values were set to 0.1 to allow log-

plotting of fold-changes. For additional data and annotations see Additional file 5: Table S4. 

f Smarcad1-KO is generally linked to loss of H3K9me3 around genes in the intestinal 

epithelium. Differential (EdgeR p<0.05) MACS peaks for H3K9me3 were identified within 5 

kbp up/down-stream of the indicated genes and read counts quantified: all genes, and only 

genes whose expression is down-regulated or up-regulated on Smarcad1-KO. Shown are 

the results by biological replicate. All samples, but not input, were normalized with ‘match 

distribution’ function of SeqMonk. The DEG list was from the small intestinal organoid data 

set (see Fig. 2f, Additional file 3: Table S2). 
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Figure S5: Additional examples of small intestinal H3K9me3 changes over gene 

bodies, where H3K9me3 increases upon Smarcad1-KO. The top annotation track 

indicates genes, the second track transcripts and the third MACS peaks. Read counts are 

shown in linear scale, color coded. Chromosomal positions and window sizes in kbp are 

indicated. 
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Figure S6: Smarcad1-dependent colitis susceptibility. a-f Detailed results of 

experiments shown in Figure 6. 1% DSS-induced colitis phenotype in WT and Smarcad1-

KO animals. Animal weights are normalized to initial weight on day 0 (b-2) or on the average 

of 3 consecutive measurements on days -2, -1, 0 (a, b-1). a, c Initial (non-enriched) 

microbiota. Experiment terminated after 15 days (n=5 for WT/ KO). b, d-f 1% DSS-induced 

colitis phenotype in WT and Smarcad1-KO animals with enriched microbiota, 2 independent 

experiments shown. Experiment 1 terminated after 15 days (n=5 for WT/KO), Experiment 2 

after 14 days with one mouse culled after 10 days due to extensive weight loss (n=8 for WT, 

n=6 for KO). c-f: SD indicated by error bars. Indicated P-values determined by unpaired t-

test with Welch’s correction. c-e End-of-experiment colitis DAI (disease activity index) 

scored separately by experiment. f Colon-shortening on DSS-induced colitis. Full 

phenotyping data and scoring tables are listed in Additional file 10: Table S9, full statistical 

results are listed in Additional file 2: Table S1. g DE genes on DSS-induced colitis confirm 

inflammatory response. GO-enrichment analysis of genes upregulated on colitis in WT 

(Additional file 13: Table S12, marked UP) versus genes expressed in the colon (Additional 

file 16: Table S15). BP: biological process, CC: cellular component, MF: molecular function, 

KEGG: KEGG biological pathways. Significance threshold corrected P=0.05. Selected 

enriched terms are indicated: immune system process (1), defense response (2), resonse 

to external stimulus (3), response to biotic stimulus (4), inflammatory response (5), cytokine 

production (6), response to external biotic stimulus (7), regulation of immune response (8), 

leukocyte activation (9), defense response to other organism (10), extracellular space (11), 

cytokine-cytokine receptor interaction (12) and cytokine receptor binding (13). Full gene 

ontology enrichment analysis is listed in Additional file 21: Table S20. 
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Figure S7: Immune cell recruitment on colitis induction by 1% DSS. a-e Intestinal 

colon epithelium localization of MPO-positive cells (green, neutrophil/lymphocyte-marker) 

(a-d) and localization of the Adamts1 (a-d) /Adamts5 (e) /Bmp1 (e) proteases (red) by IF 

staining and nuclear counterstaining with DAPI (blue) shown as maximum intensity 

projections. 14-day colitis induction with enriched microbiota: WT control (a), WT colitis 

(b,e), KO control (c) and KO colitis (d). No primary antibody control on WT control and 

colitis samples are indicated. Scale bars: 40 µm. WT: wild type. KO: Vil-cre mediated 

tissue specific knockout of Smarcad1 (KO). Biological replicates indicated with all technical 

replicates shown. This image set is partially shown in Fig. 6c and quantified in Fig. 6d. 
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Figure S8: Analysis of microbiome transfer. a Principle Component Analysis based on 

OTU abundance in stool samples. Replicate groups are color-coded. Alpha-diversity outliers 

are *-indicated. Full list of 42 principal component values by sample is attached in Additional 

file 20: Table S19. b Venn diagram of detected OTUs per replicate group. OTUs not 

transferred from donor to recipients are marked in red. Candidate OTUs for enhanced colitis 

response and Smarcad1-mediated susceptibility are marked green. Additional file 23: Table 

S22 lists all OTUs, green and red sublists indicated accordingly. c-g Heat maps of log10 

transformed OTU abundance per phylogenetic level: class (c), order (d), family (e), genus 

(f) and species (g). Rows sorted by average abundance. Phylogenetic terms significantly 

different between initial and enriched microbiota (FDR<0.1, Wilcox test, n=20, outliers not 

excluded) are indicated with FDR and fold changes (enriched/initial). Terms shown in Fig. 

7d are underlined. 

 
 

 

Figure S9: Differentially expressed genes in WT/ Smarcad1-KO in enriched microbiota 

samples before and during colitis. Significantly up/down-regulated genes (DESeq2 test 

with cutoff FDR<0.05) in whole colon tissue RNA-seq experiments. X-axis: Smarcad1-

KO/WT log(2) fold-enrichment of reads per transcript. Y-axis: -log(10) DESeq2 FDR. High 

FDR values capped at indicated maximal Y-values for visualization. For additional data and 

annotations see Additional file 11: Table S10, and Additional file 12: Table S11. 
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Figure S10: Flow sorting of ISC and TA for RNA-isolation. Crypt cell suspension is gated 

for cell shape and size via side scatter (SSC) and forward scatter (FSC) signals to discard 

cell aggregates and debris. Alive cells are gated as DAPI-low signal. Lgr5-GFP-high ISC 

and Lgr5-GFP-medium TA are sorted into lysis buffer simultaneously based on GFP-signal 

intensity. 
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Figure S11: Uncropped Western blots. Full size scans of Western blot films. Blots shown 

in Fig. 1f, g (a), Additional file 1: Fig. S3c (b) and Additional file 1: Fig. S4a (c). Samples and 

inter-gel loading controls not shown in main text figures are greyed out. Relative molecular 

weights are indicated on the left according to Protein ladder. Smarcad1 blot: 140 kDa, 115 

kDa. Osteocalcin blot: 25 kDa, 20 kDa and 15 kDa. H3 and H3k9me2/3 blots: 15 kDa. 

 


