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using STAR to increase sample coverage (as these were the most interesting divergent strains found across multiple samples): Bermuda grass
latent virus (NC_032405), Armadillidium vulgare iridescent virus IIV31 (NC_024451), Geobacillus virus (NC_009552) and the Human lung-
associated vientovirus (NC_055523)

Filtering contaminants

To filter vector contaminants, we applied VeScreen to the assembled contigs that have been mapped to viruses through our databases, where
virus accessions associated with vector contaminants were entirely removed from the search (Supplementary Dataset 11).

In addition, we examined the application of software such as Kraken291 to the RNAseq reads for filtering reads that are not likely of viral
origin, by applying Kraken2 to reads of LIHC samples. However, we found that 99% of the reads would not be filtered using this approach
(Supplementary Figure 5), likely due to the short reads (48bp) for which Kraken has not been designed or evaluated, as longer sequences are
known to be more accurately mapped92.

Genomic correlates of viral expression

We correlated viral expression with genomic markers across TCGA samples. Chromosomal aneuploidy levels for TCGA samples were extracted
from93 and the total number of chromosome-arm-level alterations was used. The tumor mutation burden was defined to be the total number
of somatic mutations in each sample, downloaded from the Xena browser94 (https://xenabrowser.net). CIBERSORT software was applied to
TCGA samples using the default set of 22 immune-cell signatures.

Statistical methods

Survival analysis, including Kaplan Meier curves plots, log rank test p-values were obtained using the Python lifelines package (v0.26.4). P-
values comparing TMB and aneuploidy between two groups correspond were computed with two-sided Wilcoxon rank-sum tests. Heatmap
clustograms were generated through seaborn clustermap.

Viruses with significant log-rank p-values are reported as significantly associated with survival.

None of the reference viruses were significantly associated with survival after FDR correction (Supplementary Table 1), however, we report in
Figure 2 the association between HR-HPV with unadjusted p-value because it is confirmatory of a known association between HR-HPV and
HNSC survival.

For HERV, our exploratory data analysis uncovered some significant associations with the complete hypothesis testing. We present in the main
text selected associations with at least 5 cases in each group. Nevertheless, FDR correction was applied within each cancer type for all HERV
associations, and we additionally applied a global FDR correction for all comparisons across cancer types, yielding some significant
associations with less than 5 positive cases. The complete significant associations between survival and viral presence are reported in the
Supplementary Data 12.

Code Availability

The scripts for pre and post processing and the viRNAtrap package are available through GitHub: https://github.com/AuslanderLab/virnatrap
and Zenodo under accession code: https://doi.org/10.5281/zenodo.7548375.

Data Availability

The complete training and test data as well as viral databases generated in this study have been deposited in the Zenodo database under accession code https://
doi.org/10.5281/zenodo.7548375. The results shown here are in whole or part based upon data generated by the TCGA Research Network: https://
www.cancer.gov/tcga. The raw FASTQ RNA sequencing data are protected and are not publicly available due to data privacy laws, but are available under restricted
access as data can be unique to an individual. Access can be obtained from the Genome Data Commons (GDC) after receiving permission via dbGaP, following the
steps described in: https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs000178.v11.p8. The processed data including viruses identified and
respective statistics are available as supplementary Data 3. The complete data generated in this study are provided in the Supplementary Information/Source Data
file. Source data are provided with this paper.

Viral databases

Viral contigs yielded by the assembly component were used as inputs to blastn (version 2.12.0+). Three databases were used to search for viruses (with E-value
threshold of 0.01):

(1) RefSeq reference human viruses, downloaded from the National Center for Biotechnology Information (NCBI) 77, to which we added human papillomaviruses
strains that are not in RefSeq from PAVE (https://pave.niaid.nih.gov). Reference viruses were searched using blastn, with default parameters except for a word size
of 15 (lower than the default of 28), which was chosen to allow identification from short contigs.

(2) more divergent viruses obtained from RVDB (https://hive.biochemistry.gwu.edu/rvdb/) which was then filtered to remove non-viral elements, endogenous
viruses, and accessions that were consistently not verified using blastn against the nonredundant (nr) blast nucleotide database.

(3) Human endogenous viruses. We curated a database of potentially functional HERVs through evaluation of viral protein completeness (in contrast to a previous
study that evaluated HERV expression in distinct RNAseq datasets). The initial genomic locations of reported HERV elements were downloaded from the HERVd
HERV annotation database (https://herv.img.cas.cz). The nucleotide sequences in hg19 for each reported HERV were extracted using twoBitToFa84. We then
applied blastx blastn (version 2.12.0+) against NR with E-value cutoff of 1E-4, as well as a profile search85 against collected POL proteins, where the profile was
obtained by collecting POL genes annotated in GenBank in lentiviruses (as of September 2016) and aligning their amino acid sequences using MAFFT86. Sequences
with at least one identified retroviral protein motif of: POL/RT, GAG or ENV were extracted, yielding 3,044 HERVs that were considered for search in TCGA samples
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(Supplementary Dataset 5). Importantly, high mutation rate of HERV prohibits most HERV sequences from aligning to the human genome in pre-processing,
however, in rare cases, HERV regions that are conserved would not be identified by this approach.

Not Applicable

Not Applicable

Not Applicable

Not Applicable

All samples from each study were included

No data was excluded

Not applicable, because the new findings reported are through existing data that has already been generated, and are verified by multiple
samples. Therefore, results they can be repeated and fully replicated using the code provided.

Segmented human and viral sequences were randomly split (where all segments of each transcript were considered together) into balanced
train, validation, and test sets (n= 8,000,000, 800,000, and 2,558,044, respectively).

The test dataset was left out and blinded during model training to ensure selection of a model with strong performance on unseen data.




