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[bookmark: _Ref231915787]Figure S1 Inter-organ methylation divergence and endothelial-specific DMR functional annotation
(a)Boxplots showing the distribution of inter-organ methylation distances across four major cell lineages: epithelial cells (EPC), endothelial cells (ENC), fibroblasts (Fibro), and smooth muscle cells (SMC). Distances were calculated using lineage-specific DMRs and quantified by Euclidean distance (left) and correlation distance (1 − Pearson correlation coefficient; right). Each box represents all pairwise comparisons between samples originating from different organs within the same lineage. Statistical significance was assessed using pairwise Wilcoxon rank-sum tests with false discovery rate (FDR) correction. Center lines indicate medians, boxes represent interquartile ranges (IQRs), and whiskers extend to 1.5ⅹIQR. Significance levels: *p<0.05, **p<0.01, ***p<0.001, ns, not significant.
(b) Heatmaps of mean inter-organ correlation distance within each cell lineage. Color intensity ranges from blue (low distance, high methylation similarity) to red (high distance, low methylation similarity), with numerical values indicating the average correlation distance between paired organs.
(c) Heatmaps showing the mean inter-organ Euclidean distance within each lineage. Values correspond to the average Euclidean distance calculated across lineage-specific DMRs for each organ pair. Higher values indicate greater methylation differences between organs.
(d) ChromHMM chromatin state enrichment analysis of tissue-specific DMRs from three blood immune cell types (NK cells, B cells, and CD8+ T cells). The y-axis represents the fold enrichment of DMRs in each chromatin state relative to the genomic background. Values above the dashed line (fold enrichment = 1) indicate significant enrichment, while values below indicate depletion.
(e) Heatmap displaying DNA methylation levels of 700 endothelial cell-specific DMRs across 7 tissue-derived endothelial cell types. Rows represent cell types, columns represent individual DMRs, and color intensity indicates average methylation level ranging from 0 (blue, hypomethylation) to 1 (yellow, hypermethylation).
(f) Pie chart illustrating the genomic distribution of the 700 endothelial-specific DMRs across promoter, exon, intron, and intergenic regions.
(g) Enhancer-state annotation of the 700 ENC-specific methylation regions. The upper panel summarizes the overall distribution of enhancer categories, whereas the lower panel shows the proportion of each enhancer subtype across individual cell types using stacked bar plots.
Abbreviations: pELS , proximal enhancer-like ; dELS , distal enhancer-like ;ENC, endothelial cell; EPC,epithelial cells;Fibro, fibroblasts;SMC, smooth muscle cells
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[bookmark: _Ref218192223]Figure S2 Kidney-Related Cell-Specific Methylation Characteristics: Differences, Profiles, and DMC/DMR Analyses
(a)Box plots show the methylation difference values of multiple kidney cell markers. Each entry corresponds to a kidney cell type, with blue box plots representing the central tendency and spread of difference values, and error bars indicating data fluctuation. ‘Sub_’ denotes subcultured cells, ‘Pri_’ denotes primary cells.
(b)Methylation level profile of kidney cell-specific regions: The heatmap depicts the methylation levels of kidney cell-specific genomic regions (columns) across distinct kidney cell types.
(c-f) DMC/DMR analysis and genomic annotation for GENC and KTEPC. Volcano plots (left) show hyper- and hypoDMCs/DMRs for GENC (c,d) and KTEPC (e,f), with counts labeled. Right pie charts display their genomic annotations (intron, intergenic, promoter, exon).
Abbreviations: GENC, Glomerular Endothelial Cells; KTEPC, Kidney Tubular Epithelial Cells；KGEPC, Kidney Glomerular Epithelial Cell; KTEPC, Kidney Tubular Epithelial Cell; 
KRMC, Renal Mesangial Cell; KGPC, Kidney glomerular epithelial cells
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[bookmark: _Ref218193221]Figure S3 Additional Information Related to the Selection of Pre-Experimental Samples for the Methylated EPIC Arrays
(a) Hierarchical clustering of NFF samples(including NFF2_10); samples are grouped by subcultured /primary status (red: primary, blue: subcultured). NFF2_10 samples co-cultured with primary cells. 
(b) PCA plot of NFF samples methylation data, highlighting separation between subcultured /primary groups. NFF2_10 belongs to the primary cell group. Based on the combined results of PCA and hierarchical clustering, we excluded NFF2_10 when selecting samples.
(c) Heatmaps of standardized top 1000 variable CpGs across NFF, NFK, ASF, AVEC, AVSMC, and FSF groups; color intensity reflects methylation level.
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[bookmark: _Ref218193378]Figure S4 Heatmap of Sample Correlation Among Different Cell Populations in Pre-Experimental Samples for Methylated EPIC Arrarys
(a) Heatmap of sample correlation for standardized genome-wide loci: Correlation is shown for samples across NFK, ASF, AVEC, AVSMMC, FSF, and NFF groups, with samples labeled by group (subcultured: blue; primary: pink).
(b) Heatmap of sample correlation for top 500 robust variable loci (ranked by MAD): Correlation patterns are displayed for the same cell groups as (a).
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[bookmark: _Ref218193492]Figure S5 DNA Methylation Profiling of Primary and Subcultured NFF and AVEC Samples
This figure presents hierarchical clustering, PCA plots, high-variance CpG heatmaps, and sample correlation heatmaps for NFF and AVEC samples. (A–D) NFF samples; (E–H) AVEC samples. (A, E) Hierarchical clustering of samples based on genome-wide methylation probes (probe counts indicated), with subcultured samples shown in red and primary samples in blue. (B, F) PCA plots showing separation between subcultured (green dots) and primary (orange triangles) groups. (C, G) Heatmaps of the top 1,000 most variable CpG sites with standardized methylation levels. (D, H) Sample correlation heatmaps based on the top 500 variable CpG loci ranked by median absolute deviation (MAD).
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[bookmark: _Ref218279317]Figure S6 Sample Correlation Between GENC/KTEPC Subcultured and Primary Cells
(a)GENC samples: Left, CpG-level Pearson correlation matrices (with density plots) quantify pairwise sample similarity; Right, hierarchical clustering (correlation distance, ward method) separates Subcultured and Primary samples. 
(b) KTEPC samples: Left, CpG-based correlation matrices; right, hierarchical clustering (same method) segregates Subcultured and Primary samples.
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[bookmark: _Ref231944789]Figure S7 Enrichment of cross-tissue hypoDMCs and DMC accumulation during cell passaging
(a)Enrichment of cross-tissue hypoDMCs within common partially methylated domains (common PMDs) and late-replicating genomic regions. The upper panel shows odds ratios (ORs) with 95% confidence intervals (CIs) calculated by Fisher's exact test. Red dots represent significant enrichment (FDR < 0.05), and black dots indicate no statistical significance. The gray dashed line denotes the null reference line (OR = 1). The lower panel is the forest plot of enrichment ratios with 95% CIs derived from 10,000 permutation tests.
(b) Null distribution histogram of permutation test for common PMD enrichment. Light blue bars show the frequency distribution of overlapping probe counts from 10,000 random sampling iterations. The red dashed line marks the actual observed number of overlapping probes (706), with a permutation p-value of 1 × 10⁻⁴.
(c) DMC accumulation trends during cell passaging evaluated by the out-of-early-range count analysis. This method defines the normal methylation fluctuation range using the extreme values of samples with passage number ≤9: total DMCs (sites outside this range), hypoDMCs (methylation below the early-passage minimum), and hyperDMCs (methylation above the early-passage maximum). Spearman correlation coefficients (R) and corresponding p-values are shown for FSF, AVEC and NFF cells, with stratified results for NFF1 and NFF2 sublines presented in the lower panels.
(d) DMC accumulation trends during cell passaging evaluated by the baseline mean-difference approach. This method uses the average methylation level of early-passage samples (passage ≤9) as the reference baseline, and classifies CpG sites with |Δβ| > 0.1 relative to the baseline as DMCs. Statistical analysis and cell line stratification are as described in panel (c).
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[bookmark: _Ref234851686]Figure S8 Cross-tissue chromatin accessibility landscape of endothelial tissue-specific DMRs
Based on the Descartes human developmental single-cell chromatin accessibility atlas, chromatin accessibility profiles associated with endothelial tissue-specific DMRs were systematically characterized across vascular endothelial cells from four solid organs (lung, liver, kidney, and pancreas). Analyses were performed on the five endothelial cell subtypes shown in Fig. 1c, including Pan_ENC, Liv_SEC, Lun_ENC, Kid_TENC, and Kid_GENC.
(a) Heatmap showing chromatin accessibility of tissue-specific endothelial DMRs across organs. Rows represent DMR sets derived from the five endothelial subtypes, whereas columns represent endothelial scATAC-seq samples from the four organs. Accessibility signals were row-wise z-score normalized, with red and blue indicating relatively high and low accessibility, respectively.
(b) Boxplot comparing the cross-tissue coefficient of variation (CV) of DNA methylation and chromatin accessibility across all endothelial DMRs. Statistical significance was assessed using a paired Wilcoxon signed-rank test. Boxes indicate the median and interquartile range (IQR), whiskers denote 1.5 × IQR, outliers are shown as individual points, and white diamonds indicate group means.
(c) Fold enrichment of chromatin accessibility for tissue-specific endothelial DMRs. Enrichment was calculated as the ratio of the mean accessibility in the corresponding target tissue to the mean accessibility across all remaining tissues. The red dashed line indicates the predefined enrichment threshold (1.2-fold).
(d) Faceted boxplots of chromatin accessibility for tissue‑specific endothelial DMRs. The five sets of tissue‑specific DMRs are shown in separate facets, depicting their log₂‑transformed normalized accessibility levels across the four tissue types. Abbreviations: Pan, Pancreas; Liv, Liver; Kid, Kidney; Lun, Lung;ENC, Endothelial Cell; GENC, Glomerular Endothelial Cell; TENC, Tubular Endothelial Cell; SEC, Sinusoidal Endothelial Cell
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