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Figure S1. Summary of long-read sequencing data and somatic SV 

detection workflow. 

A. The N50 distribution of nanopore sequencing reads for each sample. 

Orange bars show the average ± standard deviation (SD) of each population. 

B. The distribution of nanopore sequencing depth for each sample. Orange 

bars show the average ± standard deviation (SD) of each population. 

C. Flowchart depicting the workflow for somatic SV identification using paired 

long-read sequencing samples. 
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Figure S2. Annotation of genomic elements for somatic SVs. 

A. The proportion of different repeat types in INS and DEL sequences with lengths 

ranging from 160 to 170 bp. 

B. The proportion of different repeat types in INS and DEL sequences with lengths 

ranging from 310 to 320 bp. 

 
 

Figure S3. VAF of somatic SVs and SNVs. 

A. The distribution of VAF for somatic SNVs in both tumor and adjacent nontumor tissues 
across patients. 
B. The distribution of VAF for somatic SVs in both tumor and adjacent nontumor tissues 
across patients. 
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Figure S4. Distribution of somatic CNVs across different sampling sites 

in each patient. 

The total copy number log-ratio information for each segment is displayed. The red line 

represents the median of the segment. 
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Figure S5. The pairwise comparisons of somatic SNVs and SVs across 

different sampling sites within each patient. 

Venn diagram illustrates the pairwise comparison of somatic SNVs/SVs between different 

sampling sites. 
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Figure S6. The proportion of shared somatic SNVs/SVs between tumor 

and adjacent nontumor tissues. 

Boxplots depicting the proportion of shared mutations between adjacent nontumor and 

tumor tissues for somatic SVs and SNVs. Proportions were calculated through pairwise 

comparisons between adjacent nontumor and tumor samples for each patient. Statistical 

significance was determined by a paired t-test (***P < 0.001). 
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Figure S7. The phylogenetic tree constructed based on somatic 

SNVs/SVs.  

A. Tumor phylogenetic trees for each patient were constructed using the somatic SV 

mutation matrix. The gray lines indicate branches shared between tumor and adjacent 

nontumor tissues.  

B. Tumor phylogenetic trees for each patient were constructed using the somatic SNV 

mutation matrix. The gray lines indicate branches shared between tumor and adjacent 

nontumor tissues. 
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Figure S8. Somatic DUPs and INVs in tumor samples. 

A. The Venn diagram illustrates the pairwise comparison of somatic DUPs across 

different samples of HCC9. 

B. The Venn diagram illustrates the pairwise comparison of somatic INVs across different 

samples of HCC13. 

C. The distribution of somatic INVs across the genome in HCC13. 
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Figure S9. The repeat types of shared somatic SVs between tumor and 

adjacent nontumor tissues. 

A. The pie chart illustrates the proportion of different repeat sequence types in shared 

somatic SVs between tumor and adjacent nontumor tissues, with "Non-repeat" referring 

to sequences that are not annotated as repetitive by RepeatMasker. 

B. The pie chart illustrates the proportion of different repeat sequence types in somatic 

SVs specific to tumor or adjacent nontumor tissues, with "Non-repeat" referring to 

sequences that are not annotated as repetitive by RepeatMasker. 
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Figure S10. The somatic deletions on EVA1C. 

A. The IGV snapshots illustrating the alignment of long-read sequencing data (top panel) 

and short-read sequencing data (middle panel) on the deletion region within the EVA1C 

gene. The bottom panel shows the genomic repeat annotation of RepeatMasker, with the 

DEL region highlighted in orange. 

B. The DEL sequence within the EVA1C gene is annotated, with different colors 

representing various repeat types, and the underlined regions denote the deleted 

segments. 
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Figure S11. The impact of shared somatic SVs between tumor and 

adjacent nontumor tissues on genes. 

A. The IGV image illustrating the alignment of long RNA reads on the EVA1C 

gene. The orange line indicates the location of deletions. Deletion sites are 

marked by orange lines. The upper panel corresponds to sample without 

deletion, while the middle panel represents sample with deletion. 

B. The IGV plot illustrates the transcript loss of GSTM1 and GSTM2 in 

samples exhibiting DEL. The red regions indicate the areas of deletion. 

C. The relative expression levels of EVA1C determined using RT‒PCR in 

samples with and without the deletion. 

D. Kaplan-Meier analysis of the overall survival rates of the high- and low-

expression groups of EVA1C (P=0.0056, log-rank test). 
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Figure S12. Inferring SV types based on HBV DNA integration patterns. 

A. An illustrative IGV plot showcasing an HBV integration event. Long reads may align as 

chimeric reads, mapping to both human and HBV sequences, or they may solely align to 

the human genome, with the integrated HBV DNA sequence appearing as insertions or 

being clipped. 

B. The length distribution of HBV DNA sequences integrated into the human genome. 

C. The schematic diagram illustrating the integration of HBV DNA into the human 

genome in a simple insertion form, without inducing chromosomal rearrangements. 

D. Illustration of HBV DNA integration inducing formation of TRAs in the human genome. 

The feature is the alignment of human sequences flanking the HBV sequence to different 

chromosomes.  

E. Illustration of HBV DNA integration inducing formation of INVs in the human genome. 

The feature is the alignment of human sequences flanking the HBV sequence in the 

opposite direction with consistent order. 

F. Illustration of HBV DNA integration inducing formation of DELs in the human genome. 

The feature is the alignment of human sequences flanking the HBV sequence in the 

same direction with consistent order, along with the presence of a gap. 

G. Illustration of HBV DNA integration inducing formation of DUPs in the human genome. 

The feature is the alignment of human sequences flanking the HBV sequence in the 

same direction with consistent order, along with the presence of an overlap. 
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Figure S13. Somatic SVs were enriched at HBV integration sites. 

A. The distance distribution of different types of HBV-induced SVs relative to the CNV 

boundaries. 

B. Enrichment analysis of somatic SVs at HBV integration sites. Two-sided binomial test 

was used for enrichment analysis. 

 

Figure S14. Breakpoint locations of HBV integration in both the human 

and HBV genomes. 

A. Shared HBV DNA integrations were depicted, showing the correspondence of 

breakpoints between the human and HBV genomes. Different colors represent distinct 

samples. 
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Figure S15. Shared breakpoints of HBV-induced SVs. 

A. The percentage of shared breakpoints at different frequencies across all samples. "1" 

denotes those occurring in only one sample, while "2-5" represents the number of 

samples associated with shared breakpoints. 

B. The number of adjacent nontumor and tumor samples at shared breakpoints of 

different frequencies. 

C. Boxplot illustrating the distribution of Variant Allele Frequencies (VAF) for shared 

breakpoints and single breakpoints. Statistical significance was determined by Wilcoxon 

rank-sum test (***P < 0.001). 
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Figure S16. Genes disrupted by HBV-induced SVs. 

A. KEGG pathway enrichment analysis of genes affected by HBV-induced SVs. 

B. The percentage of shared and single breakpoints positioned within genes and their 

flanking ±5 kb regions, as well as other genomic loci.  

C. The relative expression levels of NRG1 determined using RT‒PCR in paired tumor 

and nontumor tissues. The grouping on the x-axis represents primers spanning different 

exons. 
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