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Sequencing data processing
Salivary BRcfDNA-Seq libraries were processed through a uniform pipeline before feature extraction. Paired reads were demultiplexed with SRSLYUMI, merged into single-end fragments, and adapter- and quality-trimmed. Trimmed reads were aligned to GRCh38/hg38 with Bowtie2 (v2.4.5); unmapped reads were profiled against microbial reference databases with MetaPhlAn (v4.0) to characterise the non-human compartment. Human-mapped reads were sorted and indexed with samtools (v1.15), deduplicated using unique molecular identifiers with Picard MarkDuplicates, and filtered to remove ENCODE blacklisted regions with bedtools (v2.30). These deduplicated, blacklist-filtered alignments served as the common input for both the fragmentomic feature extraction described below and the chromatin-anchored coverage analysis.1-5
Fragmentomic feature extraction
Fragmentomic and structural features, used for biofluid characterisation and the unanchored genome-wide comparison, were derived from processed BAM files and were not used in the chromatin-anchored model, which represents salivary cfDNA solely as coverage over chromatin-state intervals. Fragment-size distributions were computed per sample, and a fragment score was defined as the ratio of short-fragment to long-fragment coverage (AUC 25–100 bp divided by AUC 100–250 bp) in 1-Mb genomic windows. End-motif profiles were summarised as 4-mer terminal-sequence frequencies and their Shannon entropy. Nuclease-associated cleavage signatures were estimated by deconvolution of end-motif frequencies against predicted microbial and host nuclease specificities (Supplementary Table 4). Secondary-structure propensity was quantified as G-quadruplex and Z-DNA-prone sequence frequency. Relative microbial-abundance profiles and DNA-damage/misincorporation scores were computed from the same alignments. These features underlie Supplementary Figs. 1 and 2.6
The full chromatin-reference inventory, including ENCODE experiment accessions, region counts, genomic coverage and quality metrics, is provided in Supplementary Table 3.
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Supplementary Table 1 Reported performance of existing non-invasive gastric cancer detection modalities. Sensitivity, specificity and AUROC for serum pepsinogen (PG I/II ratio), combined serum tumour markers (CEA, CA19-9, CA72-4), serum microRNA panels, volatile-organic-compound breath analysis and urinary metabolomics, compiled from published independent cohorts; 95% confidence intervals are shown where reported. Values derive from separate populations and are not a head-to-head comparison in the present cohort.7-10
Supplementary Table 2 Pilot chromatin-anchored discrimination by biofluid and fragment fraction (n = 20). Exploratory best-of-classifier held-out (leave-one-out) AUROC by biofluid (plasma, saliva) and fragment fraction across chromatin references in the matched pilot subset (n = 20); not used for any performance claim. The stomach-CTCF signal is salivary-specific (saliva 0.97 versus plasma 0.65 for all fragments), whereas high plasma values localise to immune-activation references.
Supplementary Table 3 Chromatin reference inventory. The 62 chromatin-state reference sets and the stomach-CTCF consensus, with ENCODE experiment accessions, region counts, genomic coverage and constituent marks. References were built from publicly available ENCODE peak files (GRCh38); no ChIP-seq or ATAC-seq was generated in this study.
Supplementary Table 4 Nuclease activity prediction motif. Predicted sequence-cleavage motifs for microbial and host (human) nucleases, used to interpret salivary cfDNA end-motif and fragmentation signatures.11-17
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Supplementary Figure 1 Salivary cfDNA is a molecularly distinct cell-free DNA compartment. Paired plasma and saliva from a matched pilot subset (n = 20). a, Fragment-size distributions. b, Read composition (human primary-aligned, human secondary-aligned, microbial and unmapped). c, Fragment-entropy by fragment class. d, End-motif sequence logos for mononucleosomal, short and ultrashort fragments in plasma and saliva. e, G-quadruplex frequency. f,g, Transcription factor binding domain super-class profiles for plasma (f) and saliva (g).
Supplementary Figure 2 Genome-wide fragmentation and end-motif characteristics of salivary cfDNA for unanchored fragmentomics analysis. a, Hierarchical clustering of differential salivary microbial taxa. b, Genome-wide fragment score (ratio of short [25–100 bp] to long [100–250 bp] fragment coverage) across chromosomes 1–22, comparing non-cancer and gastric cancer. c, 4-mer end-motif frequency distributions across salivary cfDNA fragment classes. d, Comparison of end-motif frequencies based on predicted nuclease activity between non-cancer and gastric cancer (ns, not significant).
Supplementary Figure 3 Anchored discriminatory loci map to annotated, recurrently altered gastric cancer genes. Comparison of the stomach-CTCF–anchored and unanchored differential-locus sets in TCGA stomach adenocarcinoma (cBioPortal). a, Unanchored genome-wide loci, of which a minority map to named genes and the remainder are uncharacterised loci absent from cancer gene models. b, Stomach-CTCF–anchored loci, all annotated and several recurrently altered (e.g., ABCA13, EPHB1, PARD3B, AMOTL2). Alteration types include amplification, deep deletion, mutation and mRNA up/down-regulation; frequencies include mRNA-expression events and are not gene-length corrected. This analysis is exploratory and corroborative, not a driver-gene claim.18,19
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