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EBYV Positive cohort (n = 862)
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Figure S1. Plasma cfDNA concentration of individuals from the study cohorts represented
as a gamma function distribution, with respective Q-Q plots, as shown for the (A) EBV-

positive cohort and (B) EBV-negative cohort.
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EBV negative cohort — cfDNA concentration (n = 497)
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Figure S2. Frequency distribution histogram plot showing the distribution of plasma

cfDNA concentration from 497 individuals of the EBV-negative cohort.
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Figure S3. Correlation of the cfDNA concentration from 25 individuals of the EBV-
negative cohort, from paired measurements using Qubit and digital droplet PCR (ddPCR).
ddPCR was performed with a primer pair within the VCP gene, producing a short amplicon
of 68-bp. The y-axis represents cfDNA concentration measured by ddPCR (Genomic
equivalents, GE, per mL of plasma), while the x-axis is cfDNA concentration measured by

Qubit (ng of DNA per mL of plasma).
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Figure S4. Analysis of the size profile of ¢fDNA with different plasma cfDNA
concentration ranges. The mean size profile of plasma DNA fragments are plotted in (A)
linear scale and (B) logarithmic scale. Boxplots showing the frequency of cfDNA
fragments for the (C) 81-90 bp fragment size range, and (D) 301-310 bp fragment size

range.
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Figure SS. Heatmap analysis showing frequency z-scores of the selected 79 end motifs
with different plasma cfDNA concentration ranges. The mean motif ratio of all individuals
from each plasma cfDNA concentration range was used, and the frequency z-score was

calculated for each end motif, as shown by the color scale.
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Figure S6. Fragmentomic characteristics of the highest and lowest 10 subjects of the EBV-
negative cohort. (A) Size profiles of plasma cfDNA on a linear scale. (B) Size profiles of
cfDNA on a logarithmic scale. (C) A heatmap analysis showing a frequency z-score

calculated for 79 significantly correlated end motifs.
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Figure S7. Heatmap analysis showing z-scores of informative end motif frequencies
between the lowest and highest 10% of subjects across different genomic regions (A4lu
regions, CpG islands and gene bodies). A sequence context-based normalization method
(O/E ratio — observed to expected end motif frequency) was used to minimize the potential

biases in end motif analysis across different genomic regions.
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Figure S8. Analysis of fragmentomic features with the removal of subjects within the
highest and lowest 10% of cfDNA concentration. Correlation between the frequency of
DNA fragments between 10-bp windows and cfDNA concentration, for (A) 81-90 bp DNA
fragment size, and (B) 301-310 bp DNA fragment size. (C) Heatmap analysis showing

frequency z-scores of the selected 79 end motifs.
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Figure S9. Correlation of size profile analysis between targeted sequencing and genome-

wide sequencing dataset from paired-matched samples. Correlation of the proportion of

DNA fragments within the size range of (A) 20-160 bp and (B) 231-600 bp, between the

two sequencing methods.
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Figure S10. Correlation of end motif frequencies between targeted sequencing and
genome-wide sequencing dataset from paired-matched samples. Correlation of end motif
frequencies of all 256 end motifs between the two sequencing methods, for (A) the 10
subjects with the lowest cfDNA concentrations and (B) the 10 subjects with the highest

cfDNA concentrations.
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Figure S11. Correlation between measured and predicted cfDNA concentration of the
sequenced samples from the EBV-negative individuals (20 subjects) using the SVR model

trained using the size distribution and end motif profiles.
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Figure S12. “Founder” end motif profile (F-profile) contributions of plasma DNA between

subjects of different cfDNA concentrations. The F-profile contribution was normalized by

z-score (calculated for each F-profile) across all 862 subjects, and was performed for the

following size ranges of plasma DNA: (A) 21 — 160 bp and (B) 161 — 230 bp.
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Figure S13. Quantification of the concentration of DNaselL3 in plasma of subjects with
the lowest and highest cfDNA concentration. Automated Western blotting was performed
for each individual’s plasma sample using anti-DNase1L3 antibodies. The DNase1L3 band
intensity area was quantified for each subject. (A) Representative immunoblot of the
highest and lowest 10 subjects. Comparisons of the DNaselL3 concentration in plasma
between (B) the highest and lowest five subjects and (C) the highest and lowest 10 subjects.
Quantification of band intensity area was normalized to standards with different amounts

of plasma proteins.
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Figure S14. Immunoblotting for DNaselL3 plasma protein levels in subjects from both
cohorts. Immunoblotting was performed in replicates. The normalized DNaselLl3
concentrations for each replicate are shown for (A-B) the highest and lowest five subjects
and (C-D) the highest and lowest 10 subjects. (E) Correlation between DNasell3

concentration measured in two replicates.
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Figure S15. Tissue origins of ¢cfDNA of subjects with different cfDNA concentrations
deduced by Fragmentomics-Based Methylation Analysis (FRAGMA). The deduced tissue
contribution, expressed as the normalized CGN/NCG motif ratio from selected tissue/cell-
type specific CpG sites, was correlated with cfDNA concentration (n = 862 subjects) for
(A) Liver, (B) Neutrophil, (C) B cell, (D) T cell, (E) Erythroblast and (F) Megakaryocyte.
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Figure S16. Comparison of cfDNA concentrations from the 1% collection (2017-2020 NPC

cohort) and 2" collection (Follow-up blood collection), with a median time interval of 76

months. (A) Correlation of ¢cfDNA concentration from paired matched samples from the

same individuals from both collection time points. (B) Box plots of ¢cfDNA concentration

from the low and high cfDNA groups between paired matched samples from both cohorts.
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Figure S17. Fragmentomic features of plasma cfDNA from paired matched individuals

from the 1 blood collection (NPC screening study) and 2™ blood collection (subsequent

collection after a median of 76-month interval). Correlation between the proportion of

DNA fragments between the two blood collections within the (A) 81-90 bp DNA fragment

size and (B) 301-310 bp DNA fragment size. Heatmap frequency z-score of the selected
79 end motifs in (C) the 1% blood collection and (D) 2" blood collection.
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Figure S18. Correlation of the levels of (A) alanine aminotransferase (ALT) and (B) C-

reactive proteins (CRP) to plasma cfDNA concentration in subjects of the follow-up

collection (n = 26)
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Figure S19. Validation of fragmentomic based deduction of fractional DNA concentration
from specific tissue types. (A) Correlation between the fetal fraction predicted by
fragmentomic features and SNP-based approach, using a test cohort of 30 pregnant
subjects. (B) Correlation between tumor DNA fraction predicted by fragmentomic features

and copy number aberration (ichorCNA), using a test cohort of 20 HCC patients.
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