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Supplementary information 
 
Supplementary Figures 
 
Figure S1. In vitro culturing of intestinal crypts as organoids does substantially affect their 
transcriptional program. Related to Figure1. 
a, b, c, d, e) Boxplots of PC2-PC6 (a-e) shown in different groups by age, compartment and 
gender separately in vivo and in vitro. P-value is calculated by Welch’s two-tail t-test for age 
groups and gender groups while one-way anova test for compartment groups. ns: p>=0.05, *: 
p<0.05, **: p<0.01, ***: p<0.001. 
f) Density plot of gene contributions on PC1-PC6. Cutoff of highly contributing genes was 
defined as log2(contribution on PC) more than -3.32 shown as dashed line in x axis.  
g) Bar chart of number of highly contributing genes to PC1-PC6 indicated balanced selection. 
These genes were used for biology progresses enrichment analysis in Table 1. 
h) Heatmap of the expression level (scaled counts) of the top 10 highly-contributing genes for 
PC1-PC6 (top panel).  
 
Figure S2. In vitro culturing of intestinal crypts as organoids does substantially affect their 
transcriptional program. Related to Figure1. 
a, b, c, d, e, f) Bubble plot of significantly enriched biology processes by highly-contributing 
genes of PC1-PC6 (a-f). Gene size was defined how many genes in our input were enriched in 
one function, gene ratio was defined as gene size divided by size of overlap of input genes with 
database genes’ collection. P-value was calculated by Fisher exact test. 
 
Figure S3. In vitro culturing of intestinal crypts as organoids does substantially affect their 
transcriptional program. Related to Figure1. 
a) Box plots of Z-score from gene sets of immune system process (left panel) and cholesterol 
biosynthesis pathway (right panel) across sample types (crypts and organoids). P-value is 
calculated by Welch’s two-tail t-test.  The gene sets used here were drawn from the Molecular 
Signatures Database (MSigDB).  
b) Box plots of Z-score from gene sets of retinol metabolic process (top panel) and oxidation 
reduction process (bottom panel) across compartments (oral, inter, aboral). P-value was 
calculated by one-way anova test. The gene sets used here were drawn from the Molecular 
Signatures Database (MSigDB).  



c) Box plots of Z-score from gene sets of immune system process across aging (young and old). 
P-value was calculated by Welch’s two-tail t-test. The gene sets used here were drawn from 
the Molecular Signatures Database (MSigDB).  
 
Figure S4. Meta-analysis on specific biology features (compartment, gender, aging) 
respectively revealed how biology features changed in culture. Related to Figure3. 
a) Bar charts indicating the number of significantly differentially expressed genes (DEGs) found 
in different detailed conditions from in vivo and in vitro. 
b) Venn diagrams of the DEGs in the condition of compartment (oral and aboral) with other 
biology variables unfolded between in vivo and in vitro as in a.  
c) Venn diagrams of the DEGs in the condition of gender (male and female) with other biology 
variables unfolded between in vivo and in vitro as in a. 
d) Venn diagrams of the DEGs in the condition of aging (young and old) with other biology 
variables unfolded between in vivo and in vitro as in a. 
 
Figure S5. Meta-analysis on specific biology features (compartment, gender, aging) 
respectively revealed how biology features changed in culture. Related to Figure3. 
a, b) Hierarchical clustering and heatmap of the gene overlap correlation of pathways 
significantly enriched in compartment differences in vivo (a) and in vitro (b). Pathways sharing 
common genes could be clustered to super functional categories. 
 
Figure S6. Meta-analysis on specific biology features (compartment, gender, aging) 
respectively revealed how biology features changed in culture. Related to Figure3. 
a, b) Hierarchical clustering and heatmap of the gene overlap correlation of pathways 
significantly enriched in gender differences in vivo (a) and in vitro (b). Pathways sharing 
common genes could be clustered to super functional categories. 
 
Figure S7. Meta-analysis on specific biology features (compartment, gender, aging) 
respectively revealed how biology features changed in culture. Related to Figure3. 
a, b) Hierarchical clustering and heatmap of the gene overlap correlation of pathways 
significantly enriched in aging differences in vivo (a) and in vitro (b). Pathways sharing common 
genes could be clustered to super functional categories. 
 
Figure S8. Meta-analysis on specific biology features (compartment, gender, aging) 
respectively revealed how biology features changed in culture. Related to Figure3. 
Bubble plots of candidate upstream regulators inducing the changes of compartment, gender and 
aging in vivo (left panel) and in vitro (right panel). 
 
Figure S9. Characterization of organoids as an in vitro model for aging research. Related to 
Figure4. 
a) Treemap overview of all significantly enriched pathways in aging in vivo, which were kept in 
culture in at least one condition. 
b) Box plot of the number of conditions of each aging-enriched pathway kept in culture with line 
connected between the pathway in vivo and that in vitro by using the same datasets as in a. 
c) Treemap overview of all significantly enriched pathways in aging in vivo, which were lost in 
culture. 



 
 
 
 
Supplementary Tables 
 
Table S1. In vitro culturing of intestinal crypts as organoids does substantially affect their 
transcriptional program. Related to Figure1. 
List of highly contributed genes to PC1-PC6 from PCA analysis (genes with log2(var_contrib) 
more than -3.3 were selected) and GO terms of PC-enriched biology processes (GO terms with p 
value less than 0.01 were selected). 
 
Table S2. Cell population composition in all the conditions illustrated higher proportion of 
stem/TA cells in vitro than those in vivo. Related to Figure2. 
Cell population composition analysis in crypts and organoids including DEGs between crypts 
and organoids, cell type markers used for GSEA, trained feature model for CIBERSORTx, cell 
type deconvolution results from simulated, real-world data and bulk RNA-seq data in this paper. 
 
Table S3. Meta-analysis on specific biology features respectively revealed how biology 
features changed in culture. Related to Figure3. 
Canonical pathway analysis of the differentially expressed genes in compartment, gender, aging 
with in vivo and in vitro separated.   
 
Table S4. Detailed investigation for organoids as an in vitro model on aging demonstrated 
only a small proportion of aging pathways in some specific conditions could be studied in 
vitro. Related to Figure4. 
Aging pathways kept or lost after culture in different conditions of compartment and gender. 
Pathways with adjusted p value less than 0.05 were selected. 
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