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Abbreviations of pathological structure cells

CE* Constitutive epithelium positive cells
Cw~ Cyst-wall epithelium positive cells
KRT* Wet keratin positive cells
PE* Palisading epithelium positive cells
SR* Stellate reticulum positive cells
wC* Whorl-like cell clusters positive cells
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Supplementary Figure S15. The pseudotime modules for the differentiation of CE* 1 to CW™
cells.

A The pseudotime axis derived from Monocle3.

B The pseudotime axis from CE" 1 to CW" cells.

C UMAP visualization of pseudotime-upregulated co-expression modules identified by high
dimensional weighted gene co-expression network analysis ([dWGCNA). Each subplot represents a
module, and the color depth is proportional to the expression level of the module eigengene (the darker
the color, the higher the expression).

D Plots of upregulated gene modules showing their dynamic expression along the pseudotime axis
from CE" 1 to CW" cell states.

E GO, KEGG, WikiPathways, and Reactome functional enrichment analysis of genes from the
upregulated modules (top 10 terms by adjusted p value). The size of the circles on the left side of the
figure and the numbers inside represent the number of genes involved in the pathway, and the bar
length corresponds to the adjusted p value of enrichment. The longer the length is, the more significant

the enrichment of the pathway.
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Supplementary Figure S16. The pseudotime modules for the differentiation of CE* 2 to KRT*
cells.

A The pseudotime axis derived from Monocle3.

B The pseudotime axis from CE" 2 to KRT" cells.

C Upper: UMAP visualization of pseudotime-upregulated co-expression module identified by
hdWGCNA. The color depth is proportional to the expression level of the module eigengene (the
darker the color, the higher the expression). Lower: Plot of upregulated gene module showing their
dynamic expression along the pseudotime axis from CE" 2 to KRT" cell states.

D GO, KEGG, WikiPathways, and Reactome functional enrichment analysis of genes from the
upregulated module (top 10 terms by adjusted p value). The size of the circles on the left side of the
figure and the numbers inside represent the number of genes involved in the pathway, and the bar
length corresponds to the adjusted p value of enrichment. The longer the length is, the more significant
the enrichment of the pathway.

E UMAP visualization of pseudotime-downregulated co-expression modules identified by hdWGCNA.
Each subplot represents a module.

F Plots of downregulated gene modules showing their dynamic expression along the pseudotime axis
from CE" 2 to KRT" cell states.

G GO, KEGG, WikiPathways, and Reactome functional enrichment analysis of genes from the

downregulated modules (top 10 terms by adjusted p value).
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Supplementary Figure S17. The pseudotime modules for the differentiation of CE* 1 to PE* cells.
A The pseudotime axis derived from Monocle3.

B The pseudotime axis from CE" 1 to PE" cells.

C UMAP visualization of pseudotime-upregulated co-expression modules identified by hdWGCNA.
Each subplot represents a module, and the color depth is proportional to the expression level of the
module eigengene (the darker the color, the higher the expression).

D Plots of upregulated gene modules showing their dynamic expression along the pseudotime axis
from CE"_1 to PE" cell states.

E GO, KEGG, WikiPathways, and Reactome functional enrichment analysis of genes from the
upregulated modules (top 10 terms by adjusted p value). The size of the circles on the left side of the
figure and the numbers inside represent the number of genes involved in the pathway, and the bar
length corresponds to the adjusted p value of enrichment. The longer the length is, the more significant

the enrichment of the pathway.
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Supplementary Figure S18. The pseudotime modules for the differentiation of CE* 1 to SR* cells.
A The pseudotime axis derived from Monocle3.

B The pseudotime axis from CE" 1 to SR cells.

C UMAP visualization of pseudotime-upregulated co-expression modules identified by hdWGCNA.
Each subplot represents a module, and the color depth is proportional to the expression level of the
module eigengene (the darker the color, the higher the expression).

D Plots of upregulated gene modules showing their dynamic expression along the pseudotime axis
from CE"_1 to SR” cell states.

E GO, KEGG, WikiPathways, and Reactome functional enrichment analysis of genes from the
upregulated modules (top 10 terms by adjusted p value). The size of the circles on the left side of the
figure and the numbers inside represent the number of genes involved in the pathway, and the bar
length corresponds to the adjusted p value of enrichment. The longer the length is, the more significant

the enrichment of the pathway.
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Supplementary Figure S19. The pseudotime modules for the differentiation of CE* 1 to WC*
cells.

A The pseudotime axis derived from Monocle3.

B The pseudotime axis from CE™_1 to WC" cells.

C Upper: UMAP visualization of pseudotime-upregulated co-expression module identified by
hdWGCNA (CE" 1 to WC" 1 cell states). The color depth is proportional to the expression level of
the module eigengene (the darker the color, the higher the expression). Lower: Plot of upregulated
gene module showing their dynamic expression along the pseudotime axis from CE™_1to WC*_1 cell
states.

D GO, KEGG, WikiPathways, and Reactome functional enrichment analysis of genes from the
upregulated module (CE™ 1 to WC" 1 cell states) (top 10 terms by adjusted p value). The size of the
circles on the left side of the figure and the numbers inside represent the number of genes involved in
the pathway, and the bar length corresponds to the adjusted p value of enrichment. The longer the
length is, the more significant the enrichment of the pathway.

E UMAP visualization of pseudotime-upregulated co-expression modules identified by hdWGCNA
(CE"_1to WC" 2 cell states). Each subplot represents a module.

F Plots of upregulated gene modules showing their dynamic expression along the pseudotime axis
from CE"_1 to WC" 2 cell states.

G GO, KEGG, WikiPathways, and Reactome functional enrichment analysis of genes from the

upregulated modules (CE* 1 to WC™ 2 cell states) (top 10 terms by adjusted p value).
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Supplementary Figure S20. RNA velocity analysis results of WC* to others.
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Supplementary Figure S21. The pseudotime modules for the differentiation of WC* 2 to CW*
cells.

A The pseudotime axis derived from Monocle3.

B The pseudotime axis from WC" 2 to CW" cells.

C UMAP visualization of pseudotime-upregulated co-expression modules identified by hdWGCNA.
Each subplot represents a module, and the color depth is proportional to the expression level of the
module eigengene (the darker the color, the higher the expression).

D Plots of upregulated gene modules showing their dynamic expression along the pseudotime axis
from WC" 2 to CW" cell states.

E GO, KEGG, WikiPathways, and Reactome functional enrichment analysis of genes from the
upregulated modules (top 10 terms by adjusted p value). The size of the circles on the left side of the
figure and the numbers inside represent the number of genes involved in the pathway, and the bar
length corresponds to the adjusted p value of enrichment. The longer the length is, the more significant

the enrichment of the pathway.
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Supplementary Figure S22. The pseudotime modules for the differentiation of WC* 1 to KRT*
cells.

A The pseudotime axis derived from Monocle3.

B The pseudotime axis from WC"_1 to KRT" cells.

C UMAP visualization of pseudotime-upregulated co-expression modules identified by hdWGCNA.
Each subplot represents a module, and the color depth is proportional to the expression level of the
module eigengene (the darker the color, the higher the expression).

D Plots of upregulated gene modules showing their dynamic expression along the pseudotime axis
from WC" 1 to KRT" cell states.

E GO, KEGG, WikiPathways, and Reactome functional enrichment analysis of genes from the
upregulated modules (top 10 terms by adjusted p value). The size of the circles on the left side of the
figure and the numbers inside represent the number of genes involved in the pathway, and the bar
length corresponds to the adjusted p value of enrichment. The longer the length is, the more significant
the enrichment of the pathway.

F Upper: UMAP visualization of pseudotime-downregulated co-expression modules identified by
hdWGCNA (WC" 1 to KRT" cell states). Lower: Plots of downregulated gene modules showing their
dynamic expression along the pseudotime axis from WC" 1 to KRT" cell states.

G GO, KEGG, WikiPathways, and Reactome functional enrichment analysis of genes from the

downregulated modules (top 10 terms by adjusted p value).
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Supplementary Figure S23. The pseudotime modules for the differentiation of WC* 2 to PE*
cells.

A The pseudotime axis derived from Monocle3.

B The pseudotime axis from WC™ 2 to PE" cells.

C UMAP visualization of pseudotime-upregulated co-expression modules identified by hdWGCNA.
Each subplot represents a module, and the color depth is proportional to the expression level of the
module eigengene (the darker the color, the higher the expression).

D Plots of upregulated gene modules showing their dynamic expression along the pseudotime axis
from WC" 2 to PE" cell states.

E GO, KEGG, WikiPathways, and Reactome functional enrichment analysis of genes from the
upregulated modules (top 10 terms by adjusted p value). The size of the circles on the left side of the
figure and the numbers inside represent the number of genes involved in the pathway, and the bar
length corresponds to the adjusted p value of enrichment. The longer the length is, the more significant

the enrichment of the pathway.
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Supplementary Figure S24. The pseudotime modules for the differentiation of SR* to KRT™ cells.
A The pseudotime axis derived from Monocle3.

B The pseudotime axis from SR to KRT" cells.

C UMAP visualization of pseudotime-upregulated co-expression modules identified by high-
dimensional weighted gene co-expression network analysis (hdWGCNA). Each subplot represents a
module, and the color depth is proportional to the expression level of the module eigengene (the darker
the color, the higher the expression).

D Plots of upregulated gene modules showing their dynamic expression along the pseudotime axis
from SR" to KRT" cell states.

E GO, KEGG, WikiPathways, and Reactome functional enrichment analysis of genes from the
upregulated modules (top 10 terms by adjusted p value). The size of the circles on the left side of the
figure and the numbers inside represent the number of genes involved in the pathway, and the bar
length corresponds to the adjusted p value of enrichment. The longer the length is, the more significant

the enrichment of the pathway.



