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Supplementary Methods

Quality control of samples sequenced with immunogene panel

Sequencing depth for targeted genomic region was calculated with Samtools (64). For each
sample, average sequencing depth per gene was calculated by averaging the depth across the
targeted regions of the gene. Samples with low sequencing coverage in immunogene panel
sequencing (less than 80% of target area had minimum coverage of 50x) and their matched
counterpart samples were excluded from variant analysis. Lineage-specific variants in samples
with low purity of CD4+ or CD8+ T cells in flow cytometry analysis (<60% of live cells) were
also excluded from analysis. Purity analysis of sorted CD4+ and CD8+ T cell samples are shown

in Supplementary Fig. 13A-B.

Short variant analysis

Pre-processing of short read data was done with Trimmomatic software (53). Adapter sequences,
bases with low quality and less than 36bp log reads were removed from sequence data before
alignment to human reference genome build 38 (EnsEMBL v82) with BWA-MEM (65) with
default parameters. PCR duplicates were removed using the SortSAM and MarkDuplicate
modules of Picard Toolkit (66). Raw sequencing data from the previously published cohorts
(20,30) had been processed with the same pipeline, and hence commensurable with that released

in this study.

Single nucleotide and indel variant analysis was performed with Genome Analysis Toolkit (67)
(GATK), as previously described (30). Variant calling from previously published cohorts was
newly performed for this study, to allow integrated analysis. Analysis involved variant discovery
on individual samples and a subsequent genotyping of all variants across all samples. MuTect2
was used for variant calling. Variant discovery was done in tumor-only mode without a paired
normal as well as by pairing samples with their matched counterpart (i.e. CD4+ datasets paired
with CD8+ datasets and vice versa). For the genotyping analysis, variant calls passing filters and
supported by ten or more reads were aggregated across samples and supplemented by a set
known STAT3 lost-of-function variants and hotspot variants (detected >30 samples and

constituting >1% of the listed mutations of the each gene in COSMIC (68)) in genes recurrently



mutated in T cell neoplasms, as previously described (30). These variants were then genotyped

across samples in tumor-only mode using GATK-4.1.3.0 Mutect2 program.

Following variant calling, several filtering procedures were applied to remove false positive and
germline variants from the analysis. Recurrent variant calling artifacts were filtered using a panel
of normals (PON) created from healthy T cell (n =42), skin (n = 1) and fibroblast (n = 1)
samples analyzed with immunogene panel. Variants detected in three or more PON samples were
excluded from the analysis, with exception of previously reported recurrent mutations in
lymphoid or myeloid malignancies (reported in >5 hematopoietic or lymphoid tissue samples in
COSMIC database (68)). Remaining variant calls obtained from genotyping analyses were
filtered for vector contamination, RNA or pseudogene artefacts to distinguish variants with a low
variant allele frequency from technical or biological artefacts as described previously (69).
Variant annotation and filtering was performed with Annovar tool against the RefGene database.
At first, variant calls were normalized using beftools (70). Variants other than those passing all
MuTect?2 filters and located in intronic and intergenic regions were then filtered as well as
variants with a total depth <30, a strand-specific variant read depth <I in both directions (hence 2
variant reads were required at minimum), <1 variant read in the F1R2 configuration, <1 variant
read in the F2R1 configuration, quality value <40, variant allele frequency <2% or >30%, strand
odd ratio for SN'Vs >3.00, strand odd ratio for indels >11.00, minor allele frequency >1% in the
1KG database and EPS database, minor allele frequency >0.1% in general, American, African,
Finnish, East Asian, and Non-Finnish European ExAC, gnomAD v2 exome, or gnomAD v2
genome databases, and minor allele frequency >0.1% in general exome, Finnish exome, general
genome, Finnish genome gnomAD v2 and v3 databases. Variants with a variant allele frequency
1-2% were accepted, if supported by five or more COSMIC samples. Finally, all variants were
manually curated by visual inspection using Integrative Genomics Viewer 2.4.10 (IGV, Broad

Institute). During this step, indel variants falling within simple repeat regions were removed.

CNYV identification from immunogene panel sequencing data

CNVs were called from sequencing data by reprocessing small variant analysis alignment files
with DRAGEN Bio-IT Platform version 4.2 (57) (Illumina) with Illumina Multigenome Graph
Reference hg38 for DRAGEN v4.2 (Illumina). Background reference set was constructed from



healthy donor T cell (n=42), skin (n=1) and fibroblast (n=1) samples sequenced with same gene
panel. Variant calls were annotated with annotSV (58). The DRAGEN Bio-IT Platform
command and annotSV commands used in CNV analysis are provided in the Supplementary
Table 10. Low quality CNVs and CNVs with population allele frequency of >1% in any of the
reported reference databases were removed. Only CN'Vs overlapping with >2 exons and length
of >10 000 bp were included in the analysis. Recurrent CNV calling artifacts were further
filtered by omitting those CN'Vs with >10% overlap in 3 or more PON samples. Next, ancestral
CNVs called in both lineages of a matched sample pair (>80% overlap) and samples with an
average CNV correlation (Supplementary Table 11) less than 0.75 against reference set
samples were discarded. CNV correlation values were extracted from DRAGEN outputs. Finally,

all remaining CNVs were manually curated by visual inspection in IGV.

Filtering of healthy T donor short variants

In the analysis of T cell somatic mutations from hematological patients, we used the healthy
samples in the Panel of Normals (PON, see above). For this reason, these results were biased
towards alterations that are absent in healthy donor samples. To enable comparison of healthy
donor T cell mutations to those of hematological patients, we re-analyzed both patient and
healthy variant data with a PON formed from all samples (biasing towards non-recurrent
mutations but doing that similarly to healthy controls and patients). We filtered out all somatic
variants called in >10 individuals across all samples before subsequent filtering with identical
criteria to original somatic variant analysis (see above). In total, 856/923 (92.7%) lineage-
specific and 32/34 (94.1%) shared variants from the original analysis were identified with the
alternative PON, with 45 additional lineage-specific mutations identified in the patient samples
(no additional ancestral mutations were identified). The healthy T cell variants from this analysis
are listed in Supplementary Table 5. The patient variants from alternative PON filtering were

only used in comparisons to healthy control samples.

Single-cell sequencing
9 ¢cGVHD patient samples and 6 healthy controls were subjected to the analysis. Frozen MNC
from peripheral blood were sorted with BD Influx Cell sorter and the gene and V(D)J transcript

profiles were studied with 10x Genomics Chromium Single Cell Immune Profiling platform. The



Chromium Single Cell 5’RNAseq run and library preparation were done using the Chromium

Next GEM Single Cell Immune Profiling version 1.1 chemistry.

When thawing, the cryo-preserved samples were resuspended to 13ml of +37°C plain RPMI
(Roswell Park Memorial Institute) and after centrifugation of 5 minutes at 300g, washed with
10ml of PBS + 2mM EDTA buffer. After 2nd 5 minute centrifugation at 300g, cells were
resuspended to PBS + 0.05% BSA in concentration of 10,000 cells/ul. 2ul of CD45-APC-H7
(2D1, BD, cat. no 641417) antibody per 1 million cells was added and samples were incubated
with the antibody for 15 minutes in room temperature. Cells were then washed with 2ml of PBS-
BSA buffer (5 minute centrifugation at 300g) and resuspended to pre-chilled RPMI at
concentration of 5 million cells/ml. From this point, samples were kept on ice (before and after
sorting). Sorting of CD45+ MNCs was performed with BD Influx Cell sorter, sorting strategy as
presented in Supplementary Fig. 13C. 300,000 target cells were collected to Protein Lo-Bind
tubes (Eppendorf, cat. no 0030108).

After sorting, single-cell samples were partitioned using a Chromium Controller (10X
Genomics) and scRNA-seq and TCRaf-libraries were prepared using Chromium Single Cell 5°
Library & Gel Bead Kit (10X Genomics), according to manufacturer’s instructions (CG000086
Rev D). 12,000 cells from each sample, suspended in 0.04% BSA in PBS, were loaded on the
Chromium Single Cell A Chip. During the run, single-cell barcoded cDNA is generated in
nanodroplet partitions. The droplets were subsequently reversed and the remaining steps were
performed in bulk. Full length cDNA was amplified using 14 cycles of PCR (Veriti, Applied
Biosystems). TCR ¢cDNA was further amplified in a hemi-nested PCR reaction using Chromium
Single Cell Human T Cell V(D)J Enrichment Kit (10X Genomics). Finally, the total cDNA and
the TCR-enriched cDNA were subjected to fragmentation, end repair and A-tailing, adaptor
ligation, and sample index PCR (14 and 9 cycles, respectively). All libraries were sequenced
using NovaSeq 6000 system (Illumina) using read lengths: 26bp (Read 1), 8bp (i7 Index), 0 bp
(15 Index) and 91bp (Read 2). Length configurations used for TCR enriched libraries:
Read1=150, 17=8, 15=0, Read2=150. The raw data was processed using Cell Ranger v3.1
pipelines. Cell Ranger pipeline “cellranger mkfastq” was used to produce FASTQ (raw sequence

data) files, “cellranger count™ to perform alignment, filtering and UMI counting for the 5' gene



expression data and "cellranger vdj" to perform V(D)J sequence assembly and paired clonotype
calling for the V(D)J data. “Cellranger mkfastq” was run using the Illumina bcl2fastq v2.2.0 and

alignment was done against human genome GRCh38.

scRNA+TCRaop-seq data analysis

Quality control was done before subsequent analysis. Cells with high amount of mitochondrial or
ribosomal transcripts (>15% or >50% of all UMI counts, respectively), cells with less than 500
or more than 4000 genes expressed, and cells with low (<1000) or high (>15000) UMI counts

were removed.

To remove batch-effect and analyse all samples integratively, we used deep generative modeling
tool scVI as described previously (62). The latent embeddings created by scVI were used for
graph-based clustering and UMAP-dimensionality reduction with default parameters in
RunUMAP function in Seurat package (v4) (60) . With iterative clustering and subsetting of
cells, we removed clusters consisting of doublets or low-quality cells based on UMI and gene
counts and divided cells into main immune cell classes: monocytes, T cells (and subsequently
CD4+ and CD8+ T cells), NK cells, B cells, dendritic cells and progenitor cells. Differential
expression analyses were performed based on t-test, where Bonferroni adjusted p-values below
0.05 were denoted as significant. Clusters were annotated using differentially expressed genes,
comparison to bulk-RNA-seq profiles of sorted immune subsets and canonical markers
(Supplementary Fig. 8C for CD8+ and 9C for CD4+ T cells) and cytolytic score. List of
differentially expressed genes for each main cell class as well as subpopulations (comparing to
other cells in same main cell class) are provided in Supplementary Tables 6 and 7 (for CD8+
and for CD4+ T cells, respectively). The V(D)J sequences of each cell were integrated into the
Seurat object as metadata for gene expression and clonotype analysis. Clonotypes were identified
based on the total nucleotide level TCRa and TCRp. Cytolytic score (Supplementary Fig. 8D
and S9D) was calculated with the AddModuleScore function, including genes defined by Dufva
and Polonen et al (71): GZMA, GZMH, GZMM, PRF1, and GNLY.



Mutation identification from scRNA+TCRaf-seq data

All mutations that had been identified with immunogene panel sequencing from the 9 cGVHD
patients (included in the scRNA+TCRaf-seq analysis) were genotyped from single-cell
transcriptome data by Vartrix (42) with default parameters. We successfully identified three
somatic SNVs in three genes: 7YWI in GVHD-11, PTPRE in GVHD-14 and TNFRSFIB in
GVHD-21. For these three variants, we identified the reference (REF) genotype from significant
number of cells from all 9 patients (in total 2385, 15 472 and 1046 cells with REF genotype for
TYWI1, PTPRE, and TNFRSF 1B, respectively, Supplementary Fig. 10A). For TYW1 and
TNFRSFIB variants, all cells with variant (ALT) genotype (9 and 7 cells for 7YW1 and
TNFRSF 1B, respectively) were T cells from the same patient from whom the same variant had
been identified with immunogene panel sequencing. For PTPRE variant, one cell with ALT
genotype was identified in GVHD-7, possibly due to index hopping or sequencing error. All
other cells with ALT or ALT/REF genotype (88 cells) were from GVHD-14, from whom we
identified the same mutation with immunogene panel sequencing. The extremely low number of
false positive variants in sScRNA+TCRap-seq data suggested a high accuracy of identified
genotypes. After identification of mutated cells, we imputed the mutated clonotype based on
TCRP as in Huuhtanen & Bhattacharya et al (72): 5/5, 44/45 and 2/2 mutated T cells with
mapped TCRp had exactly the same TCRf sequence within GVHD-11 (TYW1 mutation),
GVHD-14 (PTPRE) and GVHD-21 (TNFRSF1B), respectively. Odds ratios were calculated for
mutated clonotypes against all other clonotypes within each patient by using “oddsratio” function

in R.

CNY identification from scRNA+TCRaf-seq data

To identify CNVs in scRNA+TCRof-seq data, we executed Numbat (v1.3.0) (67) with its
default settings. We used the cluster annotations from Seurat analysis (see above) to segregate
the CD4+ and CD8+ T cells, running Numbat separately for each sample and the two T cell
subtypes.

Differential expression and cell-cell interaction analysis of mutated clonotypes
Differential expression between mutated and non-mutated clonotypes was performed with Seurat

package (60), by using t-test for comparisons and adjusting for multiple comparisons with



Bonferroni method. Only cells from each patient and each dominating phenotypic cluster (for

instance, 0 CD8 Temra cluster) were included in the comparisons.

Cell-cell communication analysis were conducted using CellChat (v1.6.1) (63). As input for
CellChat, we used normalized gene expression data (LogNormalize method) and a cell grouping
based on cluster annotation from Seurat analysis. We modified the cell grouping by dividing the
CD8+ and CD4+ Temra clusters (only the dominating phenotypic cluster for each patient) with

detected mutations into two subsets based on the presence of the mutation.
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Supplementary Fig. 1. Age distribution and sequencing coverage in immunogene panel
analysis.

(A) Age at sampling in all analyzed cohorts. P values have been calculated with Kruskal-Wallis
test. (B) Average sequencing coverage in immunogene panel sequencing in different patient
cohorts. (C) Average sequencing coverage in CD4+ and CD8+ samples of hematological
patients. P value has been calculated with Mann-Whitney test. (D) Target coverage in all patient
samples, presented as sites covered with depth of 10-19x, 20-29x, 30-49x, 50-99x, 100-299x,
300-399x, 400-499x, 500-599x, and >600x. Samples are ordered based on the area covered at
minimum depth of 100x. Samples with less than 80% of target area covered with a depth of less
than 50x were excluded from the analysis. (E) Average sequencing depth across targeted genes
(y axis) in CD4 and CD8 samples of hematological patients (x axis). Patient group and sample
type (CD4 or CD8) are shown in the top panel. Rows and columns are clustered using Euclidean
distance. (F) Correlation of sequencing coverage and mutation burden in CD4+ and CD8+
samples. P values and correlation coefficients were calculated with Pearson correlation test. (G)
Sequencing coverage in patients’ T cell samples at mutated loci (M) and each paired CD4 or
CD8 sample with no mutation at the same loci (NM). P value has been calculated with Mann-
Whitney test.
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Supplementary Fig. 2. Lineage-specific mutations in CD4+ and CD8+ T cells. (A)
Distribution of CD4+ and CD8+ specific mutations. We identified lineage-specific mutations in
84% (76/90) and 97% (87/90) of patients, respectively. (B) Lineage-specific mutation burden in
CD8+ T cells and CD4+ T cells in each cohort separately. P values have been calculated for
comparisons within one cohort (Mann-Whitney test) and adjusted for multiple comparisons with
Benjamini-Hochberg method. (C) Lineage-specific mutation in different patient cohorts (both
CD4+ and CD8+ mutations). P value has been calculated with Kruskal-Wallis test. (D) CD4-
specific or CD8-specific mutation burden was compared separately between patient cohorts with
Kruskal-Wallis test.
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Supplementary Fig. 3. Variant types and mutational signatures in T cells of hematological
patients. (A) Density plot of variant allele frequencies (VAFs) in CD4+ and CD8+ T cells.
There was no significant difference between two lineages (p = 0.48 with Mann-Whitney test).
(B) Variant types of lineage-specific and ancestral (detected in both CD4+ and CD8+
compartments in same patient) mutations. (C) Mutational signatures weights for each identified
signature in different patient groups. All variants (including lineage-specific and ancestral
variants) were included in the analysis. (D) Mutational signature weights for each identified
signature in CD4+ or CD8+ T cells (only lineage-specific mutations).
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Supplementary Fig. 4. Lineage-specific CNVs in CD4+ and CD8+ T cells. (A) Number of
patients with different CNVs. Patient groups for each alteration are shown on the right panel and
fractions where each alteration was detected are shown in the left panel. (B) Immunogene panel
target genes affected by lineage-specific CNVs. Duplications (DUP) are marked with red and
deletions (DEL) with blue color in the oncoplot. Fraction and patient group (dgn) are shown in
the top panel. (C) Lineage-specific somatic mutation burden in CD4 and CDS8 samples with and
without CNVs. P values have been calculated with Mann-Whitney test. (D) Age in patients with
and without CNVs in CD4 or CD8 samples. P values have been calculated with Mann-Whitney
test. (E) Largest TCR frequency in CD8 samples with and without CNVs. TCR data was not
available for CD4 samples with CNVs. P value has been calculated with Mann-Whitney test.
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Supplementary Fig. 5. Somatic mutation analysis of healthy T cells and comparisons to
hematological patients. (A) Largest TCR clonotype frequency in CD4 and CDS8 samples in each
cohort. P values (comparisons within each cohort) have been calculated with Mann-Whitney test
and adjusted for multiple comparisons with Benjamini-Hochberg method. Both adjusted (p adj)
and unadjusted (p) are shown. (B) Largest TCR clonotype frequency in different cohorts.
Because there was significant difference between CD4 and CD8 samples in all patient groups
(panel A), CD4 and CD8 samples are shown separately. P values (comparisons within each cell
type) have been calculated with Kruskal-Wallis test, post-hoc analysis was performed with
Dunn’s test and p values for pair-wise comparisons were adjusted for multiple comparisons with
Benjamini-Hochberg method. Only significant p values are shown for clarity. (C) Lineage-
specific mutation burden in CD4 and CDS cells in each cohort. P values have been calculated for
comparisons within each cohort with Mann-Whitney test and adjusted for multiple comparisons
with Benjamin-Hochberg method. Both adjusted (p adj) and unadjusted p values are shown. (D)
Lineage-specific mutation burden in CD4 cells (left) and CDS cells (right) in different patient
cohorts, in comparison with healthy T cells. P value for each patient group (comparison to
healthy) has been calculated with Mann-Whitney test and adjusted for multiple comparisons with
Benjamini-Hochberg method. (E) The highest synonymous and non-synonymous VAF per
sample in CD4 and CD8 samples in healthy donors (left) and patients (right). P value for all
shown comparisons have been calculated with Mann-Whitney test and adjusted for multiple
comparisons with Benjamini-Hochberg method.) (F) Mutational signature analysis of healthy
donor T cell mutations. (G) Average target coverage of healthy donor CD4 and CD8 samples. P
value has been calculated with Mann-Whitney test.
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Supplementary Fig. 6. Variant and TCR associations. (A) Multivariate general linear model
for the largest CD4+ T cell expansion clone size, defined by TCRf sequencing. Odds ratios (OR)
with their associated 95% confidence intervals are shown for each variable included in the model
(mutation burden (Number of variants per Mb), the highest non-synonymous and synonymous
VAF, diagnosis (GVHD, AA, MDS, ITP, immunodeficiency), and age at sampling). None of the
tested variables were significantly associated with size of the largest CD4+ T cell expansion, and
hence CD4+ clone size was not included in the next figures. For CD8+ T cells, Pearson
correlation analysis of individual factors included in the multivariate model of the biggest TCR
clone (Fig. 2A) size are shown in (B) (the highest nonsynonymous VAF) and (C) (mutation
burden).

TCR, T cell receptor; VAF, variant allele frequency; OR, odds ratio; Mb, megabase



Supplementary Figure 7

M cGVHD S

B AA KRS
MDS

B immunodeficiency o OO

A

diagnosis [l

DPP4
LeK
PTPNG
SRC
PDCDILG2
PTPN11
SPN
TNFRSF13C
FGF18

krAs [l

NOX4
LRRK2
MEF2C
MIF
MSTIR
PDGFRB
PIK3R5
TAB1
TGFB1
ARRB1
ARRB2
BMP2
ceLt
CSFIR
cX3CL1
FGF20
FGF4
FGFR2
NOD2
NPTN
NTRK1
PDGFRA

preca
PTK2B

pren22 [l

RAPGEF2
SEMA7A
SPRY2
JAK3
STAT5B
P53
FGF22
FGF3
IRS1
PIK3CB
PIK3CD
PIK3R2
SMARCA4
BCL6
INHBA
PML
PTPRJ
RACK1
RBBP7

B

Other A
ERK -

IL-7 4

csk  HEME
n

S
N O
ITP & &

. Missense

. Nonsense Splicing

C

—————i

Other

Costimulation

ERK
MAPK
IL-7

[ ]
AN |

I
Nz

Cell growth | e

80dd

MAPK A

Other 1

ERK 1

IL-7 1

MAPK 1

Cell growth
Costimulation

Costimulation 1

Cell growth { e

0 2 4 6
Ability from Bradley-Terry model

5

10

15

20

Ability from Bradley-Terry model

¥ad

-20

-10

0

10

20

Ability from Bradley-Terry model



Supplementary Fig. 7. Significantly mutated pathways in CD4+ and CD8+ T cells. (A) Co-
mutation plot of lineage-specific mutations in the most significantly mutated biologically
relevant pathways, based on OncodriveFM analysis. Each column represents one sample and
each row represents one gene. Diagnosis and T cell lineage (CD4+ or CD8+) for each sample are
shown in the top panel and pathway annotation is shown in the right panel. (B) Bradley-Terry
model was used to study the relative order of mutation acquisition from pairwise relationships.
When a pathway was not mutated in a sample, its VAF was set to 0. Points and error bars
represent the Bradley-Terry model results for the point estimate and 95% confidence interval for
relative pathway ordering. (C) Modified Bradley Terry model analysis (using only co-occurring
mutations) was performed for variants in CD4+ and CD8+ samples separately. Results were not
statistically significant, due to the low number of samples with co-occurring mutations.
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Supplementary Fig. 8. Single-cell transcriptome analysis of 9 patients with cGVHD and 6
age-matched healthy controls (CD8). (A) Proportions of each phenotype cluster in cGVHD
patients and healthy controls’ CD8+ T cells. P values have been calculated with Mann-Whitney
test and significantly different proportions between cGVHD and healthy individuals (p < 0.05)
have been marked with an asterisk (*). (B) Proportion of cells from each patient within each
CD8+ phenotype cluster. (C) Differentially expressed genes used in the annotation of the CD8+
T cell phenotype clusters. Colour shows the average expression in each cluster, while the size of
the dot shows the percentage of cells expressing each marker. (D) Cytolytic score (see
Supplementary methods) for CD8+ T cell phenotype clusters. (E) UMAP for cGVHD patients’
and healthy controls’ CD8+ T cells with TCRp. Colors show the size of the TCR clone (singlet,
<0.1%, 0.1-1%, or 1-10% frequency within CD8+ T cells, analyzed separately for each sample).
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Supplementary Fig. 9. Single-cell transcriptome analysis of 9 patients with cGVHD and 6
age-matched healthy controls (CD4). (A) Proportions of each phenotype cluster in cGVHD
patients and healthy controls’ CD4+ T cells. Significantly different proportions between cGVHD
and healthy individuals (p < 0.05 with Mann-Whitney test) have been marked with an asterisk
(*). (B) Proportion of cells from each patient within each CD4+ phenotype cluster. (C)
Differentially expressed genes used in the annotation of the CD4+ T cell phenotype clusters.
Colour shows the average expression in each cluster, while the size of the dot shows the
percentage of cells expressing each marker. (D) Cytolytic score (see Supplementary methods)
for CD4+ T cell phenotype clusters. (E) UMAP for cGVHD patients’ and healthy controls’
CD4+ T cells with TCRp. Colors show the size of the TCR clone (singlet, <0.1%, 0.1-1%, or 1-
10% frequency within CD4+ T cells, analyzed separately for each sample).
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Supplementary Fig. 10. Mutation and CNYV identification from scRNA+TCRap-seq data.
(A) Mutation identification from scRNA+TCRa-seq data with Vatrix from 9 cGVHD patient
samples. Red denotes cells with variant genotype (ALT or ALT/REF), while grey denotes cells
with reference genotype (REF). Results are shown from three immunogene panel variants that
were successfully genotyped from scRNA+TCRaf-seq data. (B) CNV analysis with Numbat
(61) from CD4 and CDS cells of 9 cGVHD patients. Each panel shows the window-smoothed
normalized expression profiles of CD4 (left) and CD8 (right) cells. The dendrogram shows the
initial hierarchical clustering result of single cells based on smoothed expression.
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Supplementary Fig. 11. Differential gene expression analysis of mutated vs non-mutated
cells of 3 patients with cGVHD. Analysis was performed within cells belonging to “0 CD8
Temra” cluster for clonotypes with 7YW1 and PTPRE mutations (panels A and B) and within
cells belonging to 3 CD4 Temra” cluster for clonotype with TNFRSF I B mutation (panel C).
Differential expression of genes was calculated with t test and adjusted for multiple comparisons
with Bonferroni method. In each panel X axis shows the average of log2 fold change between
mutated and non-mutated cells and y axis shows the -log10 adjusted p value. Significantly up-
and downregulated genes have been marked with red (upregulated in mutated clonotype) and
blue (upregulated in cells not belonging to mutated clonotype).
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Supplementary Fig. 12. Cell-cell communication analysis. Interaction analysis of T cells,
comparing cell-cell communication patterns of mutated and non-mutated T cells with CellChat
(63). Only cell-cell interactions for the dominating T cell phenotype for each mutated clonotype
are shown in the plots. The dotplots (panels A, C, and E) show the statistically significant
incoming interactions with respect to the mutated (left) and non-mutated (control, right)
clonotypes of the three samples. The heatmaps (panels B, D, and F) show the total interaction
strengths (weights) between the cell groups. Each row indicates the communication probability
originating from the “sender” (ligand-expressing) cell group to other cell groups (indicated by
the columns). (A-B) Predicted cell-cell interactions of 7YW1 mutated and 7YW1 wild-type CD8+
Temra cells (CDS cluster 0). (C-D) Predicted cell-cell interactions of PTPRE mutated vs PTPRE
non-mutated CD8+ temra cells (CDS cluster 0) (E-F) Predicted cell-cell interactions of
TNFRSF1B mutated vs TNFRSF 1B non-mutated CD4+ Temra cells (CD4 cluster 3).
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Supplementary Fig. 13. (A) Gating strategy for flow-assisted cell sorting and purity analysis of
bead-sorted CD3+ or CD8+ samples. (B) Purity analysis of bead-sorted samples included in
lineage-specific variant analysis. Samples with low purity (less than 60% of live cells were
CD4+ or CD8+ T cells) were excluded from the analysis. (C) Gating strategy for flow-assisted
cell sorting of sScRNA+TCRap-seq samples.



Supplementary Tables 1-11 (separate excel file).

Supplementary Table 1. Clinical characteristics of patients analyzed with immunogene panel
sequencing.

Supplementary Table 2. Lineage-specific somatic mutations in CD4+ or CD8+ compartments.
Supplementary Table 3. Ancestral somatic mutations in CD4+ and CD8+ compartments.
Supplementary Table 4. Lineage-specific CNVs in CD4+ and CD8+ compartments
Supplementary Table 5. Somatic mutations used in comparisons with healthy control T cells
Supplementary Table 6. Size of 5 largest TCR clonotypes in CD4+ and CD8+ samples with
TCRp sequencing.

Supplementary Table 7. Viral epitope analysis for TCRs matching with the highest non-
synonymous VAF.

Supplementary Table 8. Differentially expressed genes in CD8+ T cells with scRNA
sequencing.

Supplementary Table 9. Differentially expressed genes in CD4+ T cells with scRNA
sequencing.

Supplementary Table 10. DRAGEN Bio-IT Platform and annotSV commands used in CNV
analysis.

Supplementary Table 11. CNV correlation values for patient samples analyzed with
immunogene panel sequencing.
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