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wangxc@zju.edu.cn[image: ]Supplementary Fig.1. A detailed flowchart of the study design.
[image: ]Supplementary Fig.2. DNA electrophoresis quality control chart. Libraries quality was controlled using an Agilent 4200 TapeStation System. All cfDNA samples passed a rigorous quality assessment, including bioanalyzer electropherograms (Agilent 4200) showing significant peaks in the 160-180 bp range (characteristic of single ribosomal cfDNA).
[image: ]Supplementary Fig.3. Genome-wide GC correction of cfDNA fragments. To estimate and alleviate the effects of fragment length on sequencing coverage, we performed GC correction separately for short fragments (70-150 bp), long fragments (151-250 bp), and the ratio of short to long fragments. We calculated the coverage for non-overlapping 100 kb genomic windows on autosomes. For each window, we computed the average GC content of the aligned fragments.
[image: ]Supplementary Fig.4. Assessing post-meal effects on the fragmentation features. (A) Comparison of the concentration in cfDNA (in ng/mL of plasma) in fasting (pre), 30 minutes post-meal (post1), and 2 hours post-meal (post2) samples. The P values are indicated (Wilcoxon paired test); (B) Comparison of size diversity score in the three-time points (calculated using the normalized Shannon entropy index). P values for paired Wilcoxon tests are provided; (C) The volcano plot shows the fragment end motif changes 2 hours postprandial versus pre-prandial.
[image: ] Supplementary Fig.5. Correlation analysis between plasma cfDNA levels and bilirubin, glucose, and triglycerides at three time points: in the fasting state (pre), 30 minutes after the meal (post1), and 2 hours after the meal (post2). The results show no statistically significant correlation between cfDNA levels and these metabolic parameters.
[image: ]Supplementary Fig.6. Validation of cfDNA fragmentation patterns in a CUP patient and matched PBMC RNA-seq data. (A) Correlation analysis between WGS data from a CUP patient and matched peripheral blood mononuclear cell (PBMC) RNA sequencing data. A significant positive correlation was found between the cfDNA fragmentation index and gene expression levels within the gene body (Spearman: rho = 0.323, P < 2.2×10−16, n = 16,149 genes)； (B) Correlation of cfDNA fragmentation index within 4kb (2kb on each side) of the gene transcription start site (TSS) with peripheral blood mononuclear cell RNA expression levels (TPM). A positive correlation was observed (r = 0.181, P < 2.2×10−16, n = 16,139 genes). (C) Effect of sequencing depth on the correlation of cfDNA fragmentation index with gene expression. Shaded areas indicate the 95% confidence intervals of the correlation coefficients at different down-sampled depths.
[image: ]
Supplementary Fig.7. The bar chart shows the gene enrichment results 2 hours after a meal.
[image: ]
Supplementary Fig.8. Pairwise correlation of cell type rankings across different down-sampling levels. The correlation of 65 cell type ranks is shown for each down-sampling pair. The y-axis indicates the percent of reads down-sampled for each level. Pearson Correlation coefficients and p-values are provided for each correlation. 
[image: ]
Supplementary Fig.9. CfDNA contribution analysis using deconvolution approach (NNLS). Significant increase in the relative contribution of gastrointestinal cells and immune cells were observed. 
[image: ]
Supplementary Fig.10. The correlation of pre-meal fragmentation index among individuals. The fragmentation index exhibited low intra-individual variability, indicating a high degree of consistency in cfDNA fragmentation patterns across participants.
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