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Supplementary Figure S1. Unsupervised clustering and annotation of scRNA-seq data from bone marrow 
aspirates of RR-AML patients and healthy controls (HCs). (A) Summary of the four primary refractory and three 
short-term relapsed AML patients whose bone marrow aspirates were collected for scRNA-seq in this study. The black 
arrows indicate the time points of chemotherapy. Pie charts show the morphologic blasts percentage of bone marrow. 
(B) The unsupervised clustering of 118,565 cells. (C) Expression levels of known markers for specific hematopoietic 
cells overlaid on the UMAP representation. (D) Violin Plot showing the proliferation scores between cells from 
RR-AML patients and HCs. Horizontal lines in the boxplots represent the median, the lower and upper hinges corre-
spond to the first and third quartiles, and the whiskers extend from the hinge up to 1.5 times the interquartile range 
from the hinge. (E) Percentage of cells in G1, S, and G2M phases from RR-AML patients and HCs. (F) Fraction of 
cells in G1 (blue), S (orange), and G2M (red) phases of each RR-AML patient. (G) Boxplot showing the percentage 
of cells with high stemness (CytoTRACE stemness > 0.75) in HCs and AML patients. Wilcoxon rank-sum test was 
used to measure the differences between groups. (H) UMAP visualization of the leukemia-like cells identified by 
classifier of Galen et al. Cells from HCs were shown in grey, normal-like cells from AML patients were shown in sky 
blue, and leukemia-like cells from AML patients were shown in red. (I) Upper: UMAP visualization of proliferation 
scores of cells from AML patients. Bottom: violin plot showing the proliferation scores between leukemia-like and 
normal-like cells in AML patients. Wilcoxon rank-sum test was used to measure the differences between groups. 
Erythrocytes and lymphocytes were excluded. (J) Upper: UMAP visualization of CytoTRACE stemness scores of cells 
from AML patients. Bottom: violin plot showing the CytoTRACE stemness scores between leukemia-like and 
normal-like cells in AML patients. Wilcoxon rank-sum test was used to measure the differences between groups. 
Erythrocytes and lymphocytes were excluded. (K) The LSC signature scores of leukemia-like and normal-like cells 
from AML patients. The LSC signatures were obtained from previous literatures, including LSC upregulated genes 
from Ng et al. and Eppert et al., 17 LSC core genes and LSC down-regulated genes from Ng et al. 
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Supplementary Figure S2. Identification of leukemia-like cellular states and clinical relevance. (A) Boxplots 
showing the expression levels of established lineage-specific genes of six leukemia-like cellular states, including 
CD34, SOX4, and CD99 for QSCs and PSPs; MPO, ELANE, and PRTN3 for GMPs and PGs; RNASE3 and RETN 
for promono; S100A8, ITGAM(CD11b), CD14 and S100A12 for differentiated myeloid cells. (B) Boxplots showing 
the stemness signature scores among six cellular states of leukemia-like cells. (C) Proliferation scores of leuke-
mia-like cells overlaid on the pseudotime trajectory. (D) GSEA plots showing the significant enrichment of quies-
cence signature in QSCs, and enrichment of proliferation signature in PSPs. (E) Heatmap showing the percentage 
of leukemia-like cellular states in each TCGA AML patient estimated by CIBERSORTx. Columns represent cellular 
states (QSC, PSP, GMP, PG, Promono, and Mono), and rows represent TCGA samples. Patients with only one 
cellular state > 15% were classified as “# of cellular states=1”, patients with two cellular states > 15% were classi-
fied as “# of cellular states=2”, and patients with more than two cellular states > 15% were classified as “# of 
cellular states ≥ 3”. (F-G) Boxplots showing the percentage of each cellular state in AML patients with different FAB 
subtypes from dataset GSE1159 (F) and GSE10358 (G). Horizontal lines in the boxplots represent the median, the 
lower and upper hinges correspond to the first and third quartiles, and the whiskers extend from the hinge up to 1.5 
times the interquartile range from the hinge. (H) The cellular states of AML patients with different FAB subtypes 
showing at single-cell level. (I) Scatterplot showing the correlation between transcriptional ITH (y-axis) and 
morphologic blast percentage (x-axis) in TCGA AML cohort. 
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Supplementary Figure S3. Evaluations of the prognostic value of the transcriptomic ITH index for 
wild-type or intermediate risk AML patients. “+” indicates mutation and “-” indicates wild-type. Patients were 
categorized into two groups based on the median of ITH.
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Supplementary Figure S4. The correlation between QSCs/PSPs enrichment and genomic events, relapse, 
and survival. (A) Representative genes that highly expressed in QSCs compared with PSPs. (B) Relationship 
between QSCs abundance and genomic events in TCGA AML cohort. Fisher exact test was used to measure the 
differences between groups. (C) Relationship between PSPs abundance and genomic events in TCGA AML cohort. 
Fisher exact test was used to measure the differences between groups. (D) GSEA analysis of the differentially 
expressed genes between QSCs and PSPs in previously reported AML chemoresistance signatures. Results 
showed the significant upregulation of fatty acid metabolism and senescence-like signatures in the QSCs com-
pared to PSPs. (E) Boxplots showing the proportion of QSCs and PSPs in matched diagnostic and relapsed 
patients. Paired Wilcoxon rank test was used to measure the differences between groups. (F-G) Kaplan-Meier anal-
ysis of OS of TCGA non-APL AML patients. All patients were categorized into two groups based on the median level 
of QSCs (F) or PSPs (G) percentage. (H-K) Kaplan-Meier analysis of OS of AML patients in GSE10358 dataset. (L) 
Kaplan-Meier analysis of OS of TCGA AML patients based on the level of QSCs and PSPs. 
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Supplementary Figure S5. Dynamic changes of stemness and inflammatory responses at different time 
points during chemotherapy.
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Supplementary Figure S6. The dynamic changes of transcription during chemotherapy in refractory AML 
patients. (A) Heatmap for differentially expressed genes after chemotherapy in Pt#9. (B-C) Ridge plots showing the 
expression levels of transcriptional factor GATA2 (B) and TAL1 (C) in QSCs and PSPs during chemotherapy. (D-E) 
Scatter plots showing the correlation between CD52 expression and GATA2 (D) and TAL1 (E) activity.
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Supplementary Figure S10. Flow cytometric analysis for cell apoptosis of different AML cell lines with 
different treatment strategies. Five AML cell lines were treated with Ara-C and OTX008 alone or in combi-
nation for 24h. Representative results are shown on the left and statistical results are shown on the right.
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Supplementary Figure S11. Flow cytometric analysis of QSCs in bone marrows from AML xenograft model of 
different treatment groups. (A) Representative flow cytometric analysis of the percentage of CD99+CD49d+CD52+-
Galectin-1+ (QSCs) cells in bone marrow samples from AML xenograft model of different treatment groups. (B) Quan-
tification of CD99+CD49d+CD52+Galectin-1+ (QSCs) cells in different treatment groups.


