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Figure S1. Sample information and transcriptomic features of the T cell clusters
identified in healthy individuals and B-ALL patients.

A. Demographic information of the five samples used for sScRNA-seq in this study.



B. Violin plots with boxplot insets showing the number of UMIs in each cell for each
sample. The box plot in the violin shows the 25%, 50%, and 75% percentiles
respectively.

C. Violin plots with boxplot insets showing the number of genes in each cell for each
sample. The box plot in the violin shows the 25%, 50%, and 75% percentiles
respectively.

D-E. Heatmap of the annotation scores of the T cell clusters in the healthy individuals
(D) and B-ALL patients (E) derived with reference to the HumanPrimaryCellAtlasData,
BlueprintEncodeData and NovershternHematopoieticData databases. Only labels
(rows) with the top 20 highest scores in the results are shown in the plot. The darker the
color, the more similar the two cell subtypes.

F-G. UMAP plots showing the expression of selected T cell marker genes in healthy
individuals (F) and B-ALL patients (G).
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A-B. Dot plots show the average expression levels and cell expressing proportions of
the top 5 differentially expressed genes (DEGS) across clusters in healthy individuals

Figure S2. Comparison of DEGs in healthy individuals and B-ALL patients.



(A) and B-ALL patients (B). The colors represent the average expression levels, and
dot sizes represent the number of expressed genes within a cluster.
C. UMAP plot showing the cell batch information of three B-ALL patients. The colors

represent each sample.
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Figure S3. Integrated analysis of T cells in the Matthew’s data and our study and

comparison of cell cycle in healthy individuals and B-ALL patients



A. UMAP plot showing integrated T cell clusters of Matthew’s data and our data
(40,282 cells in total). The left UAMP plot shows the T cell clusters (including thirteen
clusters as Figure 1B right plot) of B-ALL patients in our study, other T cells from
Matthew’s data are in grey. The middle UAMP plot shows the T cell clusters (“Memory
T”, “Exhausted T” and “Other T”) of peripheral blood (2,737 cells in total) from
Matthew’s data. The right UAMP plot shows the T cell clusters (“Memory T”,
“Exhausted T and “Other T”’) of bone marrow (21,402 cells in total) from Matthew’s
data. Each dot corresponds to one single cell, colored according to cell clusters.

B. UMARP plots showing the expression of selected T cell marker genes in integrated T
cell clusters.

C. Stacked bar chart showing the constitution of T cell clusters (“Memory T”,
“Exhausted T” and “Other T”) in each bone marrow sample from Matthew’s data
(abbreviated as “ETVO001”, “ETV002”, “ETV003”, “ETV004”, “ETV005” and
“PHO01”, “PH002”), each peripheral blood sample from Matthew’s data (abbreviated
as “BALLPB1” and “BALLPB2”) and peripheral blood samples from our data (p1, p2,
and p3).

D-E. Scatterplot showing the cell cycle scores of cells from the healthy individuals (D)
and B-ALL patients (E). Each dot corresponds to one single cell colored according to
cell cycle phases.

F. Circos plot showing the overlapping relationships of DEGs among the indicated T
cell clusters. DEGs were identified by comparing patients to healthy individuals for
each cluster. The purple lines link the same gene, which is shared by two clusters. Genes
found on multiple lists are colored in dark orange, and genes unique to a list are shown

in light orange.
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Figure S4. Transcriptomic characteristics of exhausted T cell sub-clusters in the
B-ALL patients.



A. UMARP plots showing the expression of selected T cell marker genes in exhausted T
cells.

B. Dot plots show the average expression levels and cell expressing proportions of the
top 5 DEGs in the CD4_Naive, CD8_Naive, and Ex CCR7" clusters. The colors
represent the average expression levels, and dot sizes represent the number of expressed
genes within a cluster.

C. Heatmaps showing the pairwise significance level for cytotoxic, naive, exhausted,
and GNLY-anchored scores between two clusters. Significance level was evaluated
using Wilcox test. FDR<0.05 was considered to be statistically significant and FDR
value> 0.05 was considered to be n.s. (no significance).

D. Dot plots showing the top 5 activated (left) and suppressed (right) signaling
pathways in the four exhausted T cell clusters. GSEA analyses were performed by
comparisons including Ex_CD4_GNLY™ versus Ex_CD4, Ex_CD4_cc_GNLY™ versus
Ex CD4 cc, Ex CD8 GNLY™ versus Ex_CD8, and Ex CD8 cc GNLY™ versus
Ex_CD8_cc.

E. Venn diagram showing the overlap of DEGs between exhausted T cells and each of
the other non-exhausted clusters as indicated in the B-ALL patients. The left shows
overlapping DEGs generated by comparing exhausted CD8" T cell clusters
(considering the impact of the cell cycle, Ex_CD8_cc was not included) to CD8_Naive,
CD8_EM, CD8_CM, and CD8_TE. The right shows overlapping DEGs generated by
comparing exhausted CD4" T cell clusters (considering the impact of the cycle, the
Ex CD4 cc and Ex CD4 cc_GNLY™ clusters were not included) to CD4_Naive,
CD4_Th, CD4_Treg, and CD4_TE.
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Figure S5. Characteristics of the TCR clonotypes in the healthy individuals and

B-ALL patients.




A. Length of the TRA-CDR3 region amino acid chains (top) in the Hls and TRB-CDR3
region chains (bottom) in the B-ALL patients.

B. The networks of the TCR clonotypes in three B-ALL patients. Clonotype clusters
with greater than 4 cells were visualized in a network plot. Each dot corresponds to a
single cell and is colored according to cell cluster. Each convergent clonotype cluster
represents a sub-network corresponding to a clonotype cluster defined based on amino
acid sequence similarity. In each sub-network, the line between each dot is calculated
based on the nucleotide sequence. Colors represent different cell sub-clusters.

C. Top 10 V(D)J gene usage of primary TCR o and 3 chains in the healthy individuals
(top) and B-ALL patients (bottom) as visualized in a Sankey plot. Each bar refers to a
specific V(D)J segment, and each bar section to a specific V, D, or J gene. Colors

represent different V, D, or J gene.



