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Supplemental Methods

Data processing for nanoCAGE and RNA-seq

For nanoCAGE data, UMIs and adaptor sequences were trimmed using tagdust (Lassmann 2015)
and we filtered out unpaired read pair and read pair where either read length was shorter than
20bp using cutadapt (Martin 2011). Using the nanoCAGE library of 34 million reads as an input,
we down-sampled into two smaller libraries of 4.1 million reads using 'seqtk sample'
(https://github.com/Ih3/seqtk) with different random number generator seeds, and we call the two
smaller libraries “pseudo-replicates”. For nanoCAGE and RNA-seq data, reads were aligned by
STAR (v.2.5.4b) (Dobin et al. 2013) to the reference genome-guided by GENCODE annotation
with the argument “--scoreDelOpen -1 --scoreDelBase -1 --scorelnsOpen -1 --scorelnsBase -1 --
seedSearchStartLmax 15”. Primary, non-supplementary, properly paired, and uniquely mapped
reads were obtained. For nanoCAGE, we discarded reads with >3 soft-clip at 5’ end of either read
of pair. RNA-seq data of H1299 cells (Ghandi et al. 2019; Barretina et al. 2012, SRP186687) and
422 GTEXx lung samples (Aguet et al. 2017, phs000424.v9.p2) were processed using the same

pipeline.

SVA element analysis

Using needle (Rice et al. 2000; Needleman and Wunsch 1970), SVA element sequences were
aligned to the SVA_D subfamily consensus sequence. The consensus sequence of SVA_D was
chosen out of six SVA subfamilies because it had the most SVA elements with overlapping peaks.
HOMER known motif analysis was used with the p-value cutoff of 1e-4 (Heinz et al. 2010). 56
SVA elements having peaks in the sense orientation were used as target. 4,908 SVA elements
that did not overlap peaks or CTSS signals were used as background. Enriched TFBS motifs in

Alu-like domain with corresponding transcription factors expressed at >1 TPM were used for
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downstream analysis. Tetrachoric correlations and the Chi-square test were used, respectively,

to determine the association between the presence of TFBS motifs and SVA promoters.

Enrichment analysis
Enrichment score (ES) of TE subfamily with cryptic TSSs was defined as follow.

. (# of TEs per subfamily with cryptic TSSs)/(# of TEs per subfamily)
B (# of TEs with cryptic TSSs)/(# of TEs)

TE subfamilies were chosen for visualization based on three criteria: 1) at least 100 TEs, 2) >1.5
ES in at least one sample, and 3) at least 5 TEs having cryptic TSSs in at least one sample. We
repeated the same calculation for TE class but included all TE class for visualization.

Similarly, ES of proviral HERV clade with up-regulated transcripts was defined as below.

_ (# of loci per clade with up — regulated transcripts)/(# of loci per clade)

ES
(# of loci with up — regulated transcripts)/(# of loci)

Mappability score calculation
We used GEM (Derrien et al. 2012) to calculate mappability scores by 75-mers using the

reference genome as input.

Cancer-specific missense SNVs calling

Using GATK best practice for variant calling of SNV and INDEL, we identified SNVs using RNA-
seq data of H1299 from CCLE project (Ghandi et al. 2019; Barretina et al. 2012, SRP186687)
and normal lung samples from GTEx project (Aguet et al. 2017, phs000424.v9.p2). Cancer-
specific missense SNVs were defined as missense SNVs in H1299 but not in >1% of normal lung

samples using bcftools (v.1.10.2, Danecek et al. 2021).

Peptide analysis using LC-MS/MS and LC-MS3 data
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H1299 whole lysate LC-MS/MS data (Choi et al. 2020, PXD016207) and whole lysate LC-MS3
data of LUAD cohorts (Gillette et al. 2020, PDC000153) were downloaded. HLA-pulldown LC-
MS/MS data of 2 lung cancer patients (Chong et al. 2020, PXD013649) and glioblastoma cells
(Shraibman et al. 2016, PXD003790) are downloaded. Different settings were used for MaxQuant
as follows. H1299 whole lysate LC-MS/MS data: {type: “Standard”, digestion mode: “Specific”,
enzyme: “Trypsin/P”, peptide FDR 1%, protein FDR 1%}; CPTAC LUAD whole lysate LC-MS3
data: {type: “Reporter ion MS2” with the correction factor, digestion mode: “Specific’, enzyme:
“Trypsin/P”, “LysC/P”, peptide FDR 1%, protein FDR 1%]}; HLA-pulldown LC-MS/MS data of 2
lung cancer patients, glioblastoma cells, and H1299 cells: Peptides that were potential

contaminant or from reverse sequences were removed.

HLA-pulldown LC-MS/MS data generation

We followed the published HLA-I pulldown protocol (Bassani-Sternberg 2018; Marino et al. 2019)
using 1 billion H1299 cells as input. We prepared two replicates for H1299 cells treated with
DMSO and DACSB for each. LC-MS/MS analysis was carried out on an Orbitrap Fusion Lumos
(Thermo Fisher Scientific, San Jose, CA) mass spectrometer coupled with a Dionex Ultimate 3000
RSLCnano HPLC (Thermo Fisher Scientific, San Jose, CA). The peptide separation was carried
out on a Waters CSH C18 column (75 ym x 25 cm, 1.7 um, Waters) at a flow rate of 0.3 pl/min
and the following gradient: Time = 0—4 min, 2% B isocratic; 4-8 min, 2—-10% B; 8-83 min, 10—
25% B; 83-97 min, 25-50% B; 97—105 min, 50-98%. Mobile phase consisted of A, 0.1% formic
acid; mobile phase B, 0.1% formic acid in acetonitrile. The instrument was operated in the data-
dependent acquisition mode in which each MS1 scan was followed by Higher-energy collisional
dissociation (HCD) MS/MS scan of as many precursor ions in 2 second cycle (Top Speed
method). The mass range for MS1 was set to 300 to 1800 m/z with a resolution of 120,000 (200
m/z) and the automatic gain control (AGC) target set to 1,000,000 ions with a maximum fill time

of 50 ms. For precursor selection, ions with charge state of 1 to 4 were selected. For MS/MS, the



10

11

12

13

14

15

16

17

18

19

20

selected precursors were fragmented in the Orbitrap using an isolation window of 1.6 m/z, a
resolution of 30,000 (200 m/z), and a maximum fill time of 54 ms. Fragmentation energy in HCD
MS/MS for charge state of 1 was set at higher level (32%) as opposed to 2 to 4 (27%) for more
complete fragmentation. Dynamic exclusion was performed with a repeat count of 1, exclusion

duration of 15 s, and a minimum MS ion count for triggering MS/MS set to 10000 counts.

HLA-I antigen and trypsin-digested peptide prediction

pVACtools (v2.0.2) (Hundal et al. 2020) was used (‘pVACbind -e1 9’) to predict antigens with
NetMHC and NetMHCpan. We inferred HLA types of H1299 as HLA-A*32:01, HLA-A*24:02, HLA-
B*40:02, HLA-C*02:02 with seq2HLA (v2.2, cutoff 0.1) and RNA-seq data (Boegel et al. 2012).
For lung cancer patients, 14 HLA alleles that were prevalent in >5 % of Polish population and
were available for NetMHC were used. For trypsin-digested peptide prediction, Rapid Peptides

Generator was used (Maillet 2020).

Proviral HERV analysis

To prepare proviral HERV annotation, we used a custom script. Briefly, we combined annotation
from Telescope (Bendall et al. 2019) with prototype class and from ERVmap (Tokuyama et al.
2018) with two flanking LTRs and one internal LTR element. For overlapping HERV loci, we chose
HERYV loci from Telescope. To detect EVE-ORF-derived antigens, we aligned antigens using to

peptide sequences of EVE-ORFs from gEVE (Nakagawa and Takahashi 2016).
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