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Abstract: Studies have shown that transcription factors binding to open chromatin regions in breast tumor
cells significantly influence the clinical phenotype and prognosis of breast cancer patients. However, it is
unclear how these regulatory elements regulate the occurrence and development of breast cancer at the sin—
gle—cell level. Herein, single—cell chromatin accessibility sequencing (single—cell ATAC sequencing, scATAC-
seq) data of 45 216 normal and tumor breast tissues were downloaded from the GEO database, and seven
breast cell types were obtained after cell type annotation based on gene activity scores of marker genes in
cell populations. Pearson correlation analysis showed significant differences in chromatin accessibility be—
tween tumor and normal breast epithelial cells, and a high degree of inter—sample heterogeneity of breast
epithelial cells (PCC=-0.07), implying that they are the main malignant cell type in breast tumors. To explore
the enrichment of transcription factor motifs in the differentially accessible regions of normal and malignant
mammary epithelial cells, motif enrichment analysis was performed on the characteristic open regions of the

four epithelial cell subtypes after extraction of the epithelial cell populations. The results showed that malig—
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nant breast epithelial cells were significantly enriched for 194 transcription factors (P<0.001), which may be
involved in regulatory processes of breast tumor development and metastasis. Calculation of activity scores
and validation of transcriptome data for transcription factors highly enriched in epithelial cell subtypes fur—
ther showed that these differential regulatory elements may be associated with malignant development of breast
cells. In addition, differences in the accessibility of transcription factor binding motifs in different breast can—
cer subtypes were analyzed, and SNAI2 was found to have significantly high accessibility in triple—negative
breast cancer samples, suggesting that SNAI2 has a potential specific regulatory role in triple—negative breast
cancer.
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Fig.1 Single—cell chromatin accessibility in human normal and tumor breast samples

(A) UMAP of clustering of sample cells, colored according to cell clusters (left) and cell types (right); (B) UMAP colored by z-scores

of marker genes; (C) Heatmap showing Pearson correlation coefficient (PCC) between cell types. Each row represents a cluster in

cancer sample, and each column represents a cluster in normal sample; (D) Distribution of cell types across human normal and tu—

mor samples.
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Fig.2 Single—cell chromatin accessibility in human mammary epithelial cells

(A) UMAP of clustering of sample cells, colored according to cell clusters (left) and cell types (right); (B) UMAP colored by z—

scores of marker genes; (C) Trackplot of local chromatin accessibility at the marker genes on a per—cell type basis.
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Fig.3 Subtype-specific gene regulatory landscape of mammary epithelial cells

(A) Heatmap of normalized enrichment scores of transcription factor binding motifs in epithelial cell subsets and GO functional

enrichment analysis results. Left: The differentially accessible peak
terms calculated by GREAT for DAPs. Right: The logos of the top
each epithelial cell subtype. The larger the logo of a transcription
enriched.
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Fig.4 Differences in the activity of characteristic transcription factors between tumor and normal mammary epithelial
cells

(A) Violin plots of transcription factor activities predicted by chromVAR; (B) Analysis of characteristic transcription factor expres—
sion using multicellular transcriptome sequencing data. : P<0.05; ns: No significant difference.
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Fig.5 Local chromatin accessibility track of the characteristic transcription factor binding motifs

The signal tracks show the chromatin accessibility peaks of the characteristic transcription factor binding motif region for each
cell cluster. The coaccessibility is marked below with arc connections. Positive—strand genes are colored in red and negative—
strand genes are colored in blue.
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