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Data analysis

was sequenced using the HiSeq3000 system (Illumina) according to the manufacturer’s instruction. Sequencing was carried out using a 1 ×
91~98bp single-end configuration, which is sufficient to align confidentially to the transcriptome (default setting).

Genomic analysis:

The sequenced data were aligned to the human reference genome hg38 by BWA (v0.7.15) software. The PCR duplicates were removed using
Picard (v2.92) and SAMtools (v1.2) software. The somatic mutation candidates were called using MuTect2 from GATK (v4.0.12) software or
VarScan2 and annotated with ANNOVAR (version 20191024). Candidate mutations with (i) $ 5 variant reads in tumor samples, (ii) a VAF in
tumor samples $ 0.01, (iii) read depth $ 200, and (iv) tumor variant: normal variant ratio $ 2, were adopted and further filtered by excluding
synonymous SNVs.

Clonality analysis:

The clonality analysis of HTLV-1-infected cells was performed by high-throughput sequencing based mapping of proviral integration sites. To
designate the virus integration sites, sequence reads were aligned to human reference genome hg38 and virus genome (NC_001436.1) by
BWA. Paired-end reads spanning the viral and human genomes and soft-clipped reads (> 15 bp soft-clipped region) were extracted using Perl
scripts and then validated by Blastn (v2.6.0+). Clonality was calculated as population size of each clone by counting the extracted reads at
host-provirus junction sites.

Subclonal analysis based on genomic data:

We used PyClone (v0.13.0) for analysis of subclonal population structure and reconstruct hierarchical trees. PyClone is based on a Bayesian
clustering method, which uses a Markov chain Monte Carlo-based framework to estimate cellular prevalence values using somatic mutations.
The somatic mutation candidates for PyClone were called using MuTect2, with (i) $ 5 variant reads in tumor samples, (ii) a VAF in tumor
samples $ 0.05, (iii) read depth $ 200, and (iv) tumor variant: normal variant ratio $ 2. Clonal composition was investigated based on the beta
binomial emission model, through which a set of clones with a discrete set of mutations (mutational clusters) were imputed together with
their estimated clone size (cellular prevalence). Process of the clonal evolution were estimated by extrapolation of the estimated clone sizes at
all tested timepoints. The hierarchical trees with imputed mutational subclusters were depicted by ClonEvol (v0.99.11) based on the results of
clustering and cellular prevalence from the PyClone model. Integration site-based clonality was used as a parameter for clonal structure
(polyclonal or monoclonal).

RNA sequencing:

For quality control, to remove technical sequences, including adapters, PCR primers, or fragments thereof, and quality of bases lower than 20,
pass filter data of fastq format were processed by Trimmomatic (v0.30) to be high-quality clean data. For mapping, Hisat2 (v2.0.1) was used to
index the reference genome sequence. Finally, clean data were aligned to the reference genome via software Hisat2. For differentially
expressed gene analysis, HTSeq (v0.6.1) estimated gene and convert read counts to transcripts per million (TPM) from the pair-end clean data.
Differentially expressed genes were selected based on the absolute log2 fold-change of $ 1. Selected genes were subjected to the hierarchical
clustering analysis using iDEP.91 pipeline that contains DESeq2 package.

Single-cell RNA sequencing:

After sequencing analysis, fastq files were created by the Cell Ranger ver3.1.0 mkfastq pipeline (10x Genomics). The obtained fastq files were
mapped to the reference genome provided by 10x Genomics (GRCh38). Cell Ranger count pipeline (v3.1.0) was used to perform
demultiplexing, aligning reads, filtering, clustering, and gene expression analyses, using default parameters. Briefly, after read trimming, Cell
Ranger used an aligner called STAR, which performs splicing-aware alignment of reads to the genome. Cell Ranger further aligned exonic and
intronic confidently mapped reads to annotated transcripts by examining their compatibility with the transcriptome. Only uniquely mapping
exonic reads were carried forward to UMI counting. After the UMI filtering steps with default parameters and expected cell counts, each
observed barcode, UMI, gene combination was recorded as a UMI count in the feature-barcode matrix. The workflow also performed an
improved Calling Cell Barcodes algorithm and identified the primary mode of high RNA content cells and also captured low RNA content cells.

After data processing, we recovered quality-assured data for secondary analysis of gene expression.

To correct batch effects between timepoints, we used a Cell Range merge algorithm. To regress out the cell–cell variation in gene expression
driven by batch and cluster data with corrected data in T1/T2 scRNA-seq data (ATL#3), we used standard Seurat v3 integration workflow with
functions FindIntegrationAnchors() and IntegrateData(). The Cell Ranger data or batch-corrected data were imported into Loupe Cell Browser
Software (v4.2.0) for t-distributed stochastic neighbor embedding (t-SNE) based clustering, heatmap generation, and gene expression
distribution plots.

Single-cell mutation identification and analysis:

RNA variants from scRNA-seq data were validated from curated BAM files based on the results of Cell Ranger. For each cell barcode in the
filtered Cell Ranger barcode list, and each somatic variant in the targeted sequencing data, variant bases were identified. Only reads that had
both a Chromium Cellular Barcode (CB) tag and a Chromium Molecular Barcode (UB) tag were included. CB tags with the variant reads
extracted by SAMtools were defined as at least one mutant read detected and mapped on each t-SNE projection using Loupe Cell Browser
Software. Almost variants were validated by manual review to accurately identify mutant cells. One-sided Fisher exact tests were used to
identify cell clusters that were enriched for somatic mutations.

Virus reads and host-virus chimeric reads from single-cell data:

For detection of virus reads, we processed Cell Ranger GRCh38-aligned sequence data. No-map and soft-clipped reads (> 20 bp soft-clipped)
were extracted using Python scripts. The pass filter data of fastq format were processed to remove adopter and polyA sequences. The high-
quality clean data were then aligned to human reference genome (hg38) and virus genome (NC_001436.1) via software STAR. For detection of
cells expressing virus genes, CB tags with virus reads were defined as at least one virus read detected. Almost virus-aligned reads were derived
from antisense strand. Both host- and virus-aligned soft-clipped reads were extracted as host-virus chimeric reads. Genomic breakpoints of
chimeric reads were analyzed from supplementarily mapped data from STAR alignment to link the clone-specific chimeric reads with the VISs
identified in the corresponding clones. The extracted CB tags with virus antisense reads or clone-specific host-virus chimeric reads were
mapped on t-SNE projection using Loupe Cell Browser. One-sided Fisher exact tests were used to identify cell clusters that were enriched for
virus reads.

Cluster assignment and single-cell expression analysis:
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Expression patterns of CD4, CADM1, and CD7 were used and overlaid on the t-SNE to identify HTLV-1-infected subpopulations. CBs with
HTLV-1-derived antisense transcripts were also overlaid on the t-SNE. Stable expression of HTLV-1 antisense RNA (predominantly HBZ) served
for inference of infected cells (p # 0.05). Infected clone-specific host-virus chimeric reads were significantly enriched in each cluster (p # 0.05).
To detect the mutation-harboring clones estimated by PyClone, RNA variants from scRNA-seq data were validated from curated BAM files
based on the results of Cell Ranger. CB tags with variant reads were defined as at least one mutant read detected and mapped on each t-SNE
projection.

For analysis of scRNA-seq from PBMCs, major cell types were annotated by marker genes, including CD4+ T-cell (CD3D+, CD4+), CD8+ T-cell
(CD3D+, CD8B+), CD8+ effector CTL (CD3D+, CD8B+, KLRB1+, CCR7"), NK cell [NCAM1+ (CD56)], B cell (CD79A+, CD19+), monocyte (CD14+),
nonclassical monocyte [FCGR3A+ (CD16)], and dendritic cell (DC) (CD1C+). The assigned lineage clusters were mapped on t-SNE projection
using Loupe Cell Browser.

Log2 fold-change and median-normalized average values of assigned clusters were obtained via Loupe Cell Browser and used in following
analysis of differentially expressed genes within each cluster. Manual clustering based on expression patterns was curated by original Python
scripts or polygonal selection tool (Loupe Cell Browser interface).

Bioinformatic analysis and statistics:

ntegrative Genomics Viewer (IGV) tool was used for visualizing and interpreting the results of DNA-seq and RNA-seq. For differentially
expressed gene analysis, HTSeq (v0.6.1) estimated gene and convert read counts to transcripts per million (TPM) from the pair-end clean data.
Differentially expressed genes were selected based on the absolute log2 fold-change of $ 1. Selected genes were subjected to the hierarchical
clustering analysis using iDEP.91 pipeline that contains DESeq2 package. Gene set enrichment analysis (GSEA) was performed using GSEA
software (v4.0.3) (http://www.broadinstitute.org/gsea) with 1,000 permutations. Gene sets used in this study were selected from the MSigDB
hallmark gene sets (http://www.broadinstitute.org/gsea/msigdb/collections.jsp). Significantly enriched gene sets were evaluated by
normalized enrichment score (NES) and nominal p value (p < 0.001). Gene Ontology analysis was performed by DAVID Bioinformatics
Resources (https://david.ncifcrf.gov/). For target gene analysis of NOTCH1, STAT3, RBPJ, and NFAT, enrichment data and bigwig format from
previous ChIP-seq studies were obtained from the ChIP-Atlas database (https://chip-atlas.org/)58. Gene lists of NOTCH1 and STAT3 targets
were created by integrating of hallmark genes and ChIP bound genes. Significant differences in gene expression and other biological assays
between the two groups were analyzed by Student's t-test. Correlations between two groups were analyzed by Pearson’s correlation
coefficients and probabilities of overlap between gene sets were statistically tested. Box plots, hierarchical clustering, and correlation matrix
were analyzed and visualized by using R (v3.2.3). The flow-cytometry data were analyzed by FlowJo software (v9.6, v10.6.1) (Tree Star).

All sequencing data, including Target-seq, RNA-seq, and scRNA-seq, have been deposited in the National Bioscience Database Center (NBDC) Human Database
(https://humandbs.biosciencedbc.jp/.), which is associated with DNA DataBank of Japan (DDBJ) under an accession number JGAS000301 (https://ddbj.nig.ac.jp/
resource/jga-study/JGAS000301). Raw experimental data from western blots, luciferase assay, Venus competition assay, cell growth assay, and qRT-PCR are
available from Source Data file. Other intermediate files from the sequencing data are available from the corresponding authors. Gene expression dataset of the
TCR–NFAT pathway targets (GSE13738) were obtained from Gene Expression Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE13738).
For target gene analysis of transcription factors, enrichment data and bigwig format from previous ChIP-seq studies were obtained from the ChIP-Atlas database
(https://chip-atlas.org/). NOTCH1, SRX070882; RBPJ, SRX070884; STAT3, SRX5801455; NFAT, SRX3279752.

No statistical methods were used to determine sample size since this is an exploratory study. Sample size was thus determined by the
availability of patient recruitment. We enrolled individuals who provided consent for our study during the enrollment period between 1/
Sep/2007 and 31/Mar/2020. List of used clinical samples are provided in Supplementary Table. The sample size of our study was sufficient to
assess our sequencing data and to confirm novel findings with statistical significance.

All data is included in the current study.

The experimental findings were reliably and independently reproduced. The replication numbers were described in the corresponding figure
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Antibodies

Eukaryotic cell lines
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Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

Mycoplasma contamination

legends.

Not applicable since this is a case-series study which was therefore not planned to detect any difference in effects between the cohorts with
and without intervention. Samples of other experiments were also not randomized into experimental groups. Randomization was not relevant
to the study design.

Blinding was not relevant to our study with clinical samples because it was essential to understand underlying confounding variables in our
associations, such as clinical subtype, sex, etc. For other experiments, we were not blinded to group allocation.

For flow-cytometory, an unlabeled CADM1 antibody (CM004-6, clone 3E1) and an isotype control chicken immunoglobulin Y (IgY)
antibody (2:100) were purchased from MBL. These were biotinylated (primary amine biotinylation) using biotin N-
hydroxysuccinimide ester (Sigma-Aldrich). Pacific Orange-conjugated anti-CD14 antibody (MHCD1430, clone TuK4) was purchased
from Invitrogen. All other antibodies were obtained from BioLegend. Cells were stained using a combination of biotin-CADM1
(1:100), allophycocyanin (APC)-CD7 (clone CD7-6B7, 5:100), APC-Cy7-CD3 (clone SK7, 5:100), Pacific Blue-CD4 (clone RPA-T4, 5:100),
and Pacific Orange-CD14. APC-GARP (clone 7B11, 5:100) and FITC-LAP (clone TW7-16B4, 5:100) antibodies were used instead of CD7
antibody for GARP/LAP co-staining in CD4+/CADM1" and CD4+/CADM1+ subpopulations. After washing, phycoerythrin (PE)-
conjugated streptavidin (SA10041, , 2:100, Thermo Fisher Scientific) was applied.

For western blotting, protein levels of ICN1 and Cbl-b were analyzed with primary antibodies, as follows; ICN1 (Cleaved Notch1
(V1754), #4147, 1:1000, Cell Signaling Technology), Cbl-b (sc-8006, 1:200, Santa Cruz), and b-actin (sc-69879, 1:1000, Santa Cruz).
VAV1 expression was validated by immunoblotting with antibodies against VAV1 (#4657, 1:1000, Cell Signaling Technology) and HA
(code 561, 1:1000, MBL). Alkaline phosphatase-conjugated anti-mouse (S3721, Promega) and anti-rabbit (S3731, Promega)
secondary antibodies and BCIP/NBT substrate (S3771, Promega) were used for detection.

For TCR stimutation, the cells were seeded in 48-well plates and stimulated with or without 1 ug/mL plate-immobilized anti-CD3
monoclonal antibody (130-093-387, Miltenyi Biotec) for 20 hours.

All antibodies used were validated for their use in flow-cytometory and western blotting experiments with human samples, as shown
on the website provided by the respective companies.

The HTLV-1-infected cell line MT-2 and ATL-derived cell line MT-1 were kindly provided from an established researcher Dr.
Miyoshi. ATL-derived TL-Om1 cells were kindly provided from an established researcher Dr. Sugamura. ATL-derived KOB cells
were kindly provided from an established researcher Dr. Kamihira. Jurkat cells were purchased from RIKEN BRC cell bank
(RCB3052).

The cell lines were verified by RIKEN BRC or established researchers and monitored for cross-contamination. This study
authenticated the provirus integration sites and somatic mutations of the HTLV-1-infected cell lines by panel-based targeted
sequencing. Cell surface expressions of CD4 and CADM1 were validated by flow-cytometory.

Cells were tested for mycoplasma contamination using mycoplasma detection PCR and were found to be negative for




