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[image: FigSI1_depth_sex_01]
Fig. S1. Sequencing coverage and sex inference of SHANGHAI samples.
(A) The distribution of mean sequencing depth across WGS samples after genome alignment and duplicate removal. (B) Sex inference based on sex chromosome coverage and heterozygosity in the non-pseudoautosomal region of chromosome X. 
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Fig. S2. Pedigree of the family included in this study. 
Kinship in the SHANGHAI dataset was inferred using KING v2.21, with only first-degree relationships shown. Each sample is labeled with sample ID and age. Blue squares represent males, and pink circles represent females. Samples filled in black were not included in this study.
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Fig. S3. Read alignment, quality control and variant calling. 
A comprehensive description of the quality control and bioinformatics analysis is available in the Methods. 






[image: FigSI3_ind_var_01]
Fig. S4. Distribution of genomic variants in SHANGHAI.
(A, B) Relationship between sequencing depth and the number of single-nucleotide variants (SNVs) (A) or small insertions and deletions (Indels) (B) detected in each sample. (C) Number of structural variant (SV) types carried per individual. 

































[image: FigSI5_VEP_157_01(1)]
Fig. S5. Variant annotation distribution in SHANGHAI.
Number of variants (SNVs, Indels, and SVs) across different genomic annotation categories (top), together with the proportions of novel (middle) and rare (bottom) variants in each region.




















[image: FigSI6_IBDnet_01(1)]
Fig. S6. IBD-sharing network between SHANGHAI individuals and Chinese reference populations.
(A) Overall IBD-sharing network between SHANGHAI individuals and Chinese reference populations2-12. (B) Filtered network highlighting relatively recent genetic connectivity between SHANGHAI individuals and reference populations.



























[image: FigSI7_PCA_HKH_01]
Fig. S7. Population structure of SHANGHAI in the context of worldwide populations. 
Principal component analysis (PCA) of SHANGHAI individuals and reference populations from the 1000 Genomes Project Phase 3 (1KGP3)3, Human Genome Diversity Project (HGDP)4, and other East Asian datasets2,5-12.



























[image: FigSI8_PCA_china (1)_01(3)]
Fig. S8. Population structure of SHANGHAI in the context of Chinese populations.
(A) PCA of SHANGHAI individuals and reference Chinese populations2-12. SHANGHAI samples are shown as colored points, whereas reference Chinese populations are shown in grey. (B) PCA of SHANGHAI individuals and reference populations from Han Chinese datasets2. SHANGHAI.UYG individuals were excluded from this analysis. (C) PCA of SHANGHAI individuals and 1KGP33 CHB (Han Chinese in Beijing, China) and CHS (Southern Han Chinese) populations. The 95% confidence ellipses represent the distributions of the CHB and CHS reference populations.























[image: FigSI9_FSTratio (1)_01]Fig. S9. Pairwise FST relationships of the SHANGHAI dataset.
(A)Pairwise FST values between SHANGHAI and reference populations from the 1KGP33, HGDP4 and other East Asian datasets2,5-12. Pairwise FST values were repeatedly calculated 100 times with equal sample sizes for each population. Bars on the top and left indicate population classifications. SAS (South Asian), AMR (Admixed American), AFR (African), EUR (European), and EAS (East Asian) denote the five continental-level ancestry groups defined in the 1000 Genomes Project. Population abbreviations include CHB (Han Chinese in Beijing, China), JPT (Japanese in Tokyo, Japan), CHS (Southern Han Chinese), CDX (Chinese Dai in Xishuangbanna, China), KHV (Kinh in Ho Chi Minh City, Vietnam), CEU (Utah residents with Northern and Western European ancestry), TSI (Toscani in Italy), FIN (Finnish in Finland), GBR (British in England and Scotland), IBS (Iberian population in Spain), YRI (Yoruba in Ibadan, Nigeria), LWK (Luhya in Webuye, Kenya), GWD (Gambian in Western Divisions in the Gambia), MSL (Mende in Sierra Leone), ESN (Esan in Nigeria), ASW (Americans of African ancestry in SW USA), ACB (African Caribbeans in Barbados), MXL (Mexican ancestry from Los Angeles, USA), PUR (Puerto Ricans from Puerto Rico), CLM (Colombians from Medellín, Colombia), PEL (Peruvians from Lima, Peru), GIH (Gujarati Indians from Houston, Texas), PJL (Punjabi from Lahore, Pakistan), BEB (Bengali from Bangladesh), STU (Sri Lankan Tamil from the UK), and ITU (Indian Telugu from the UK).
 (B) A fan-like chart showing genetic differences (FST)13 between SHANGHAI and other East Asian populations. Each branch represents a pairwise comparison between SHANGHAI subgroups and other East Asian populations. Branch lengths are proportional to FST values, indicated by gray circles. Only the top 26 populations with the closest FST relationships are shown.
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Fig. S10. ADMIXTURE analysis of SHANGHAI ancestral composition. 
(A)ADMIXTURE14 analysis of all SHANGHAI samples together with 1KGP33 , HGDP4 and other East Asian samples2,5-12. This panel shows the results for the optimal K value = 11. (B-E) ADMIXTURE analysis of SHANGHAI samples together with other East Asian populations. (B) shows the results for the optimal K value = 5, with pie charts in the center highlighting differences in ancestral composition between SHANGHAI.N and SHANGHAI.S. (C) displays the proportions of five ancestral components between SHANGHAI.N and SHANGHAI.S, statistical significance assessed using the Wilcoxon rank-sum test. (D) shows ADMIXTURE analysis at different K values and (E) presents the cross-validation errors across different K values used to determine the optimal number of ancestral components.

[image: FigSI11_Y_MT_proportion_final_01]
Fig. S11. Distribution of maternal and paternal haplogroups within SHANGHAI subgroups.
Distribution of paternal haplogroups (Y-chromosome haplogroups, left) and maternal haplogroups (mitochondrial DNA haplogroups, right) across SHANGHAI subgroups, presented as stacked bar plots of relative proportions.
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Fig. S12. Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment of significant XP-EHH signals.
(A) Candidate regions with empirical P-values below 0.5% were used as the input regions for KEGG15 pathway enrichment analysis. The top 20 enriched pathways ranked by Benjamini-Hochberg (BH)-adjusted P-values are shown.
(B) Similar functional categories were grouped based on KEGG pathway classifications, and the number of pathways within each category was summarized (https://www.genome.jp/kegg/pathway.html), and the number of categories in each group was summarized.























[image: FigSI12_xinxueguan_xpehh_final_01]
Fig. S13. Local XP-EHH distribution of highlighted cardiovascular-associated genes putatively under selection.
Local Manhattan plot showing XP-EHH16,17 values across highlighted cardiovascular-associated genes, including 20 kb upstream and downstream regions.















[image: FigSI14_FADS_final_01]
Fig. S14. Local iHS distribution and global population prevalence of the representative SNV rs99780 in the FADS gene family.
(A) Local iHS17,18 values across the FADS gene family, including 20 kb upstream and downstream regions. The putative adaptive variant rs99780 is shown in black, while other SNVs are colored according to pairwise linkage disequilibrium with this variant based on the SHANGHAI dataset.
(B) Global population allele frequency distribution of rs99780 based on the PGG.SNV database19.























[image: FigSI15_DOCK_final_01]
Fig. S15. Local iHS distribution, tissue-specific expression, and global population allele frequency of the representative SNV rs61970775 in the DOCK9/DOCK9-DT region.
(A) Local iHS17,18 values across DOCK9 and DOCK9-DT, including 20 kb upstream and downstream regions. The putative adaptive variant rs61970775 is shown in black, while other SNVs are colored according to pairwise linkage disequilibrium with this variant based on the SHANGHAI dataset.
(B) Global population allele frequency distribution of rs61970775 based on the PGG.SNV database19.
(C) Multi-tissue expression of DOCK9 and DOCK9-DT based on the GTEx dataset20 (GTEx Analysis Release V10). The x-axis represents different tissues, and the y-axis shows gene expression levels in Transcripts Per Million (TPM).
(D) Regulatory effect of the representative SNV rs61970775 on DOCK9-DT in arterial tissues, based on the GTEx dataset (GTEx Analysis Release V10).
[image: FigSI16_SVGWAS_final_01_01]
Fig. S16. SVs in linkage disequilibrium with variants in the GWAS Catalog.
SVs in strong linkage disequilibrium (r² ≥ 0.8) with GWAS Catalog-associated 21 variants, including INV, CNV, INS, DUP, and DEL, are shown separately.

























[image: FigSI17_clivarSI_final_01(1)]
Fig. S17. Clinical annotation of variants in the SHANGHAI dataset.
(A) Numbers of variants assigned to different clinical categories according to ClinVar 22. (B, C) Frequency spectra of ClinVar-annotated pathogenic and likely pathogenic variants in European populations (Non-Finnish Europeans, NFE, gnomAD v2.123) (B) and in SHANGHAI subgroups (SHANGHAI.N vs. SHANGHAI.S) (C).


















[image: FigSI18_clinvar_case_5082_01]
Fig. S18. Phenotypic associations of ClinVar-annotated rs5082 in SHANGHAI and its genotype distribution across global populations.
(A) Distribution of rs5082 genotypes across global populations, based on data from the 1KGP33. The inset in the lower left shows a significant correlation between the GG genotype frequency and latitude (Pearson r = 0.49). (B) Associations between rs5082 genotypes (GG, GA, AA) and lipid metabolism-related phenotypes. Due to the very small number of individuals carrying the GG genotype (n = 2), statistical comparisons were not performed for this group, and results are shown for descriptive purposes only. Statistical significance was evaluated using the Wilcoxon rank-sum test. Abbreviations: ApoA-I, Apolipoprotein A-I; ApoB, Apolipoprotein B; BMI, Body Mass Index; HDL-C, High-Density Lipoprotein Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; Lp(a), Lipoprotein(a); TC, Total Cholesterol; TG, Triglycerides.










[image: FigSI18_NCR3_final (1)_01]
Fig. S19. Global distribution of rs2736191 genotypes and their association with NCR3 expression in SHANGHAI.
(A) Global population prevalence of rs2736191 based on the PGG.SNV database19. (B) Correlation between G allele frequency and latitude, showing a significant negative association (Pearson r = -0.526). (C) Association between rs2736191 genotypes and NCR3 expression levels in SHANGHAI. Statistical significance of differences in gene expression among genotype groups was assessed using the Wilcoxon rank-sum test and is indicated by asterisks (*: P < 0.05; **: P < 0.01; ***: P < 0.001; ****: P < 0.0001; ns: not significant).
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Fig. S20. KEGG pathway enrichment analysis and population-specific frequency distributions of small-variant protein-truncating variants (PTVs) and frameshift SVs.
(A, B) KEGG15 pathway enrichment analysis of genes affected by small-variant PTVs (A) and frameshift SVs (B) . The top 20 enriched pathways ranked by BH adjusted p-values are shown as enriched terms. (C) Frequency spectrum of small-variant PTVs in European populations (Non-Finnish Europeans, NFE, gnomAD v2.123) (left) and SHANGHAI subgroups (SHANGHAI.N vs. SHANGHAI.S) (right). (D) Frequency spectrum of frameshift SVs in SHANGHAI subgroups (SHANGHAI.N vs. SHANGHAI.S).

















[image: FigSI20_ABCB5_final_01]
Fig. S21. Global distribution of rs17143187 genotypes and their association with ABCB5 expression in SHANGHAI.
(A) Distribution of rs17143187 genotypes across global populations, based on data from the 1KGP33. Red-outlined pie charts indicate the genotype frequency distribution in SHANGHAI. (B) Association between rs17143187 genotypes and ABCB5 expression levels in SHANGHAI. Statistical significance of genotype-expression associations was assessed using the Wilcoxon rank-sum test and is indicated by asterisks (*: P < 0.05; **: P < 0.01; ***: P < 0.001; ****: P < 0.0001; ns: not significant).



























[image: FigSI22_GSDMB_final_01]
Fig. S22. Global distribution of rs11078928 genotypes and their association with GSDMB expression in SHANGHAI.
(A) Distribution of rs11078928 genotypes across global populations, based on data from the 1KGP33. (B) Correlation between TT genotype frequency and latitude, showing a significant negative association (Pearson r = -0.7219). (C) Association between rs11078928 genotypes and GSDMB expression levels in SHANGHAI. Statistical significance of genotype-expression associations was assessed using the Wilcoxon rank-sum test and is indicated by asterisks (*: P < 0.05; **: P < 0.01; ***: P < 0.001; ****: P < 0.0001; ns: not significant).

















[image: FigSI23_RV_fold_final_01]
Fig. S23. Gene-based collapsing analysis of rare variant burden across SHANGHAI subgroups and phenotype association of a representative gene.
(A,B) Distribution of gene-based collapsing results for rare small-variant PTVs (A) and rare frameshift SVs (B) across SHANGHAI subgroups. (C) Boxplot comparing waist-hip ratio (WHR) between carriers and non-carriers of rare variants in the COBLL1 gene. Statistical significance of genotype-expression associations was assessed using the Wilcoxon rank-sum test and is indicated by asterisks (*: P < 0.05; **: P < 0.01; ***: P < 0.001; ****: P < 0.0001; ns: not significant).




























[image: FigSI24_disrate_final_01]
Fig. S24. Leading causes of death and their proportions reported by the Shanghai Municipal Health Commission in 2024.





























[image: FigSI25_LDL_taihan_01(3)]
Fig. S25. Distribution of LDL-C levels in SHANGHAI.Han and SHANGHAI.Tai subgroups
Distribution of LDL-C levels between SHANGHAI.Han and SHANGHAI.Tai subgroups. Statistical significance was evaluated using the Wilcoxon rank-sum test.




























[image: FigSI26_OR_4.1_1.8_RV_01]
Fig. S26. Effect of rare variant burden on different LDL-C phenotypes in SHANGHAI.
(A) Logistic regression analysis of LDL dyslipidemia (LDL-C > 4.1 mmol/L) in individuals carrying rare small-variant PTVs, deleterious missense variants, or frameshift SVs in core LDL-C-related genes (Materials and Methods), compared with the remaining SHANGHAI individuals (noncarriers). Data are presented as odds ratios (OR) ± 95% confidence intervals (CI). "Positive" and "negative" indicate the reported direction of variant effects on LDL-C levels, while "binary" does not distinguish the effect direction. (B) Logistic regression analysis of optimal LDL-C levels (LDL-C < 1.8 mmol/L) in individuals carrying rare small-variant PTVs, deleterious missense variants, or frameshift SVs in core LDL-C-related genes, compared with the remaining SHANGHAI individuals (noncarriers). Data are presented as OR ± 95% CI.











[image: FigSI21_PRSRV_OR_01]
Fig. S27. Effect of rare variant burden on LDL dyslipidemia risk among individuals with non-top PRS in SHANGHAI.
[bookmark: _GoBack]Logistic regression analysis of LDL dyslipidemia among individuals with non-top PRS carrying rare small-variant PTVs, deleterious missense variants, or frameshift SVs in core LDL-C-related genes (Methods), compared with noncarriers within the same PRS group. Data are presented as OR ± 95% CI. "Positive" and "negative" indicate the reported direction of variant effects on LDL-C levels, while "binary" does not distinguish the effect direction.
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