
Supplemental Figures 

Supplemental Figure 1. AHCY deficiency during early stage of erythropoiesis induces cell 

apoptosis. A, Schematic diagram of experiment method. The day of getting CD34+ cells was recorded 

as day 0. Lentivirus human CD34+transduction and defunctionized AHCY by treating cells with 

DZNep at day 2. B, Quantitative real-time polymerase chain reaction (qRT-PCR) results showing the 

knock down efficiency of AHCY in control group and AHCY-shRNA knock down group on days 7 

and 11. C, Representative western blot results showing the knockdown efficiency of control group and 

AHCY-shRNA knock down on day 7. D, Representative western blot results showing the knockdown 

efficiency of control group and AHCY-shRNA knock down group on day 11. E, Quantitative analysis 



the knockdown efficiency of AHCY from 3 independent experiments. F, Growth curves of DMSO and 

DZNep (0.2μM, 0.5μM) treated group determined from fay 7 to day 13. G, Growth curves of control 

and AHCY-shRNA knock down group determined from fay 7 to day 13. H, Representative flow 

cytometry profiles of cells apoptosis determined by double staining with 7-AAD and Annexin V on 

days 7, 9, 11 and 13 of luciferase control group, AHCY-shRNA knock down group, DMSO group and 

DZNep (0.2 μM, 0.5 μM) treated group. I, Quantitative analysis of ratio of apoptotic cells treated with 

or without DZNep (0.5 μM, 5 μM) from 3 independent experiments. J, Quantitative analysis of ration 

of apoptotic cells of Luciferase control group and AHCY-shRNA knock down group from 3 

independent experiments. Statistical analysis is from 3 independent experiments, and the bar plot 

represents mean ± standard deviation of triplicate samples. *P<0.05, **P<0.01, ***P<0.001. 

 

 

 

 

 



Supplemental Figure 2. AHCY deficiency during early stage of erythropoiesis inhibits erythroid 

differentiation. A, Flow cytometry analysis of erythroid progenitor cells at day 6. B, Statistic analysis 

of the percentage of BFU-E and CFU-E of DMSO group and DZNep (0.2 μM, 0.5 μM) treated group. 

C, Statistic analysis of the percentage of BFU-E and CFU-E of scramble-shRNA group and AHCY-

shRNA group. D, Flow cytometry analysis showing the percentage of GPA- cells on days 7, 9, 11 and 

13. E, Quantitative analysis of GPA- cells treated with or without DZNep (0.2 μM, 0.5 μM) from 3 

independent experiments. F, Quantitative analysis of GPA- cells of scramble-shRNA and AHCY-

shRNA group from 3 independent experiments. G, Representative cytospin images of Luciferase-

shRNA, AHCY-shRNA, DMSO and DZNep (0.2 μM, 0.5 μM) treated group on day 7, 9, 11 and 13, 

red arrow points to the cells of the non-erythroid lineage morphology. Scale bar, 10 μm. Statistical 

analysis is from 3 independent experiments, and the bar plot represents mean ± standard deviation of 

triplicate samples. *P<0.05, **P<0.01, ***P<0.001. 



Supplemental Figure 3. AHCY deficiency results in cell apoptosis during terminal stage of 

erythropoiesis. A, qRT-PCR results showing the knock down efficiency of AHCY in Scramble-shRNA 

and AHCY-shRNA group on days 7 and 11. B, Representative western blot results showing the 

knockdown efficiency of scramble-shRNA and AHCY-shRNA group on day 11. C, Quantitative 

analysis of western blot showing the knockdown efficiency of AHCY from 3 independent experiments. 

D, Growth curves of DMSO and DZNep (0.2μM, 0.5μM) treated group determined from day 7 to 

day13. E, Growth curves of Scramble-shRNA and AHCY-shRNA group determined from day 7 to dan 

13. F, Representative flow cytometry profiles of cell apoptosis determined by double staining with 7-

AAD and Annexin V on days 9, 11 and 13 of Scramble-shRNA, AHCY-shRNA, DMSO and DZNep 

(0.2 μM, 0.5 μM) treated group. G, Quantitative analysis of the ratio of apoptotic cells of control and 

DZNep (0.2 μM, 0.5 μM) treated group from 3 independent experiments. H, Quantitative analysis of 

the ratio of apoptotic cells of scramble-shRNA and AHCY-shRNA group from 3 independent 



experiments. Statistical analysis is from 3 independent experiments, and the bar plot represents mean 

± standard deviation of triplicate samples.  **P<0.01, ***P<0.001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Supplemental Figure 4. AHCY deficiency results in the generation of non-erythroid lineage 

hematopoietic cells. A, Quantification of non-erythroid lineage cells determined on days 9, 11 and 13 

after treatment with DMSO, 0.2 mM DZNeP and 0.5 mM DZNeP at (n=3 independent experiments). 

B, Quantification of non-erythroid lineage cells determined on days 9, 11 and 13 of scramble-shRNA, 

AHCY-shRNA1, or AHCY-shRNA2 group (n=3 independent experiments). C, Proerythroblasts were 

sorted on day 7 and then treated with DMSO for 72h, 96h and 120h. Flow cytometry analysis showing 

the percentage of GPA+ cells after treatment. D, Flow cytometry analysis of surface marker expression 

on GPA- cells of day 11 after treated with 0.2μM DZNep on day 7. E, Representative gating strategy 

used to sort single GPA⁺ proerythroblasts for downstream treatment. F, Microscopic images of cells 

from three experimental groups acquired on days 15, 20, 25, and 30: DMSO control (cultured in 

erythroid media); 0.2 μM DZNep-treated (cultured in erythroid media); and 0.2 μM DZNep-treated 

(cultured in mixed media). Scale bar, 100 μm. The day 30 images for the DMSO (erythroid media), 



DZNep (erythroid media), and DZNep (mixed media) groups are reproduced from Figure 1K to 

illustrate the temporal progression of cell morphology changes. The day 30 panels correspond directly 

to the images presented in Figure 1K. Data are from 3 independent experiments; bar plots show mean 

± SD of triplicate samples. ***P < 0.001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplemental Figure 5. RNA-Seq reveals the remodeled expression pattern induced by AHCY 

deficiency. A, Principal component analysis of samples representing 3 biologic replicates from D11 

cells treated with DMSO or 0.2 μM DZNep. B, Pearson correlation analysis of RNA-seq. C, Venn 

diagram showing genes with significant difference between DMSO and DZNep treated group. D, 

Volcano map showing genes with significant difference between DMSO and DZNep treated group. E, 

Heat map showing expression values of differentially expressed genes (DEGs) between DMSO and 

DZNep treated group. F, The top upregulated pathways revealed by gene ontology gene ontology (GO) 

analysis of the differentially expressed genes between DMSO and DZNep treated group. G, The top 

downregulated pathways revealed by gene ontology gene ontology (GO) analysis of the differentially 

expressed genes between DMSO and DZNep treated group. 

 

 

 

 

 

 



 

Supplemental Figure 6. AHCY dysfunction disrupts methionine metabolism in erythroblasts. A, 

Principal component analysis of samples representing 3 biologic replicates from D11 cells treated with 

0.2 μM DZNep. B, Volcano map showing the relative abundances of each metabolite in each sample. 

C, Schematic overview of methionine metabolism. D, Relative SAH to SAM ratio analyzed by LC-

MS in Day 11 erythroblasts. Ratio was calculated from raw peak areas measured by LC-MS/MS in 

MRM mode. E-G, Intracellular SAH, SAM and methionine concentrations detected by LC-MS. 

 



 

Supplemental Figure 7. Methionine deprivation induces cell apoptosis and cell fate 

reprogramming in terminal erythroblasts. A, Growth curves of cells cultured in amino acid 

complete medium (AA Complete) or methionine‑free medium (Met Free) from day 7 to day 13. B, 

Representative flow cytometry plots of apoptosis determined by 7‑AAD and Annexin V double 

staining on days 9, 11, and 13 for AA Complete and Met Free groups. C, Quantitative analysis of 

apoptotic cell percentages from 3 independent experiments. D, Flow cytometry analysis showing the 

percentage of GPA+ cells on days 9, 11 and 13. E, Quantitative analysis of GPA+ cell percentages from 

3 independent experiments. F, Flow cytometry analysis showing the percentage of CD33+ cells on day 

11. G, Quantitative analysis of CD33+ cell percentages from 3 independent experiments. H, 

Representative cytospin images of AA Complete and Met Free group on day 11. Red arrows indicate 

cells with non‑erythroid morphology. Scale bar, 10 μm. Data are presented as mean ± SD from three 

independent experiments. **p < 0.01, ***p < 0.001 

 

 

 

 

 

 

 



 
Supplemental Figure 8. DNA and RNA methylation are decreased in AHCY deficient 

proerythroblasts. A, Representative dot blot results showing 5mC levels in genomic DNA from 

DMSO control and DZNep‑treated cells (100 ng and 200 ng). B, Quantification of 5mC dot blot signals 

from 3 independent experiments. C, Representative dot blot results showing m⁶A levels in total RNA 

from DMSO control and DZNep‑treated cells (180 ng and 360 ng). D, Quantification of m⁶A dot blot 

signals from 3 independent experiments. Data are presented as mean ± SD of triplicate samples. 

**P<0.01, ***P<0.001. 

 



 
Supplemental Figure 9. Inhibition of DNA methylation does not affect terminal erythroid 

differentiation. A, Growth curves of DMSO group and Decitabine (0.2 μM, 0.5 μM) treated group. B, 

Representative flow cytometry profiles of the ration of apoptosis cells determined by double staining 

with 7-AAD and Annexin V on days 9, 11 and 13 of control group and Decitabine (0.2 μM, 0.5 μM) 

treated group. C, Quantitative analysis of the ration of apoptotic cells from 3 independent experiments. 

Statistical analysis is from 3 independent experiments, and the bar plot represents mean ± standard 

deviation of triplicate samples. *P<0.05, **P<0.01, ***P<0.001. 



 

Supplemental Figure 10. Inhibition of histone methylations during terminal stage impairs cell 

growth and apoptosis. A, Growth curves of DMSO group and various types of histone methylation 

inhibitors treated group. B, Representative flow cytometry profiles showing the cell apoptosis 

determined by double staining with 7-AAD and Annexin V on day 11 of after treatment. C, 

Quantitative analysis showing the percentage of apoptotic cells from 3 independent experiments. D, 

Representative cytospin images of cells after treatment with Chaetocin and WDR5-0103, red arrow 

pointed to the morphological identified non-erythroid lineage cells. Scale bar, 10 μm. E, Flow 

cytometry analysis showing the percentage of GPA+ cells after treatment with WDR5-0103. F, 

Representative cell pellet of WDR5-0103 treated group. Statistical analysis is from 3 independent 

experiments, and the bar plot represents mean ± standard deviation of triplicate samples. **P<0.01, 

***P<0.001. 



 

Supplemental Figure 11. CUT&Tag sequencing analysis of H3K4me3 distribution. A, Principal 

component analysis of samples representing 3 biologic replicates from D11 cells treated with 0.2 μM 

DZNep. B, Spearman correlation analysis of CUT&Tag. C, Venn diagram showing differences in 

H3K4me3 CUT&Tag peak between the DMSO and DZNep groups. D, Top TF motifs enriched in 

H3K4me3 CUT&Tag peaks linked to promoters after DZNep treatment. 



 

Supplemental Figure 12. Erythroblasts from AML patients and those treated with DZNep share 

similar transcriptome characteristics. A, Violin plots depicting the mRNA expression in each 

subcluster. B, Statistics on the number of DEGs of AML, healthy controls and DZNep-treated 

erythroblasts. C, Violin plots depicting the expression of several genes that are usually co-expressed 

in erythroblasts of three groups (TFRC, GYPA, HBB), high expressed in erythroblasts of healthy 

individuals (AHCY), or low expressed in erythroblasts of healthy individuals (all other genes). D, 

Violin plots depicting the expression of erythroid-specific transcription factors that are high expressed 

in cluster 0 of erythroblasts (GATA1, KLF1, TAL1), or other lineage-specific transcription factors are 

high expressed (all other genes). 



 
Supplemental Figure 13. Reduced existence of H3K4me3 in erythroblast of bone marrow from 

AML patients. A, Flow cytometry analysis showing the reduced level of H3K4me3 in erythroblasts 

from 9 out of 39 myeloid leukemia patients. B, Immunofluorescence images showing the reduced level 

of H3K4me3 (green) in erythroblasts from the other 30 myeloid leukemia patients. Hoechst 33342 

(blue) was used to stain the nucleus. GPA (red) was stained to display the erythroblast membrane. 

Scale bar, 10 μm. C, Immunofluorescence images showing the normal level of existence of H3K4me3 

in erythroblasts (green) from leukemia patients. Hoechst 33342 (blue) was used to stain the nucleus. 

GPA (red) was stained to display the erythroblast membrane. Scale bar, 10 μm. 

 



Supplemental Table 1. Antibodies and reagents 

antibody clone conjugate Catlog# company 
Mouse monoclonal 
anti-human band 3 no FITC 

N/A 
Generated in our laboratory 

anti-human 
CD235a/GPA GA-R2  APC 551336 BD Biosciences 
anti-human α4 
integrin MZ18-24A9 APC 

130-124-
008 MACS 

anti-human CD34 581 PE 555822 BD Biosciences 
anti-human CD36 CB38 FITC 555454 BD Pharmingen 
anti-human CD123 
(IL-3R) 6H6 PE-Cy7 

25-1239-
42 

Invitrogen 

anti-human CD45 
2D1 

APC/Cyanine
7 

368515 biolegend 

Annexin V no APC 
88-8103-
74 eBioscience 

 Hoechst33342 no no  B8040 Solarbio 

7AAD no no 
 00-6993-
50 eBioscience 

Mouse anti-human 
GAPDH antibodies 1D4 no  sc-59540 Santa Cruz 
anti-human AHCY 
antibodies 34h5 no RN126PW MBL 
anti-Histone H3 D1H2 no # 60932 Cell Signaling Technology 
anti-H3K4me3 C42D8 PE # 9751 Cell Signaling Technology 
anti-H3K9me3 D4W1U APC # 13969 Cell Signaling Technology 
anti-H3K27me3 C36B11 no # 9733 Cell Signaling Technology 
anti-H3K36me2 C75H12 no # 2901 Cell Signaling Technology 
anti-H3K79me2 D15E8 no # 5427 Cell Signaling Technology 
Rabbit (DA1E) 
mAb IgG XP® 
Isotype Control 
antibodies DA1E PE-Cy7 # 3900 

Cell Signaling Technology 

Ter119 antibody 
TER-119 biotin 

13-5921-
85 

ebioscience 

mouse CD45 
antibody 30-F11 biotin 

13-0451-
82 

ebioscience 

 

 



Supplemental Table 2. Sequences of the primers and shRNA 

Name Sequence/Catalog Number 

Forward primer of AHCY for qRT-PCR ATTCCGGTGTATGCCTGGAAG 

Reverse primer of AHCY for qRT-PCR GAGATGCCTCGGATGCCTG 

Forward primer of GAPDH for qRT-PCR GGAGTCCACTGGCGTCTTCA 

Reverse primer of GAPDH for qRT-PCR GTCATGAGTCCTTCCACGATACC 

Forward primer of GATA1 for qRT-PCR ATCACACTGAGCTTGCCACA 

Reverse primer of GATA1 for qRT-PCR CAGGCCAGGGAACTCCA 

Forward primer of GYPA for qRT-PCR GGGTGATGGCTGGTGTTATTGGAACGATC 

Reverse primer of GYPA for qRT-PCR GGCACGTCTGTGTCAGGTGAGGGGAG 

Forward primer of KLF1 for qRT-PCR CACACAGGATGACTTCCTCAA 

Reverse primer of KLF1 for qRT-PCR GCTGGTCCTCAGACTTCACG 

Forward primer of GATA2 for qRT-PCR GCAACCCCTACTATGCCAACC 

Reverse primer of GATA2 for qRT-PCR CAGTGGCGTCTTGGAGAAG 

Forward primer of CEBPA for qRT-PCR TGAGTGAGGCTCTCATTCTT 

Reverse primer of CEBPA for qRT-PCR ACATACACCCTTGGACAACTA 

Forward primer of KIT for qRT-PCR GGGCCACCGTTTGGAAAG 

Reverse primer of KIT for qRT-PCR TTACATTCAACCGTGCCATTG 



AHCY-shRNA1 CCGGATGCCATTGTGTGTAACATTGCTCG
AGCAATGTTACACACAATGGCATTTTTTG 

AHCY-shRNA2 CCGGGTCAGGAGGGCAACATCTTTGCTCG
AGCAAAGATGTTGCCCTCCTGACTTTTTG 

 

Supplemental Table 3. Small molecule epigenetic modification inhibitors 

Chemicals  Catlog# company Target Histone 
Modification 

Working 
concentration MW 

3-
Deazaneplanoci
n A (DZNep) 

102052-
95-9 MCE AHCY N/A 0.2μM and 

0.5μM 262.26 

Decitabine (5-
Aza-2'-
deoxycytidine) 

2353-33-5 MCE 
DNA 
methyltransferas
e 

N/A 0.2μM and 
0.5μM 228.21 

EPZ5676 S7062 Selleckche
m DOT1L H3K79Me2 10μM 562.71 

Chaetocin S8068 Selleckche
m SU(VAR)3-9 H3K9Me3 0.05μM 696.84 

EPZ6438 S7128 Selleckche
m EZH2 H3K27Me3 0.2μM 572.74 

MR837 1210906-
48-1 MCE NSD2-PWWP1 H3K36Me2 3.4μM 282.36 

WDR5-0103 890190-
22-4 MCE WDR5 H3K4Me3 100nM 383.44 



Supplemental Table 4. Patient samples (at diagnosis) used in this study 

SAMPLE 
% of GPA+ 
cells in 
PBMC 

H3K4me3 heterogeneity 
information 

Clone formation 
information 

Healthy control#1 8.39% no no 
MDS#1  no no 
AML#1 0.97% no no 
AML#2 8.22% no no 
AML#3 0.33% no no 
AML#4 0.71% yes yes 
AML#5 1.00% no yes 
AML#6 2.58% yes yes 
CML 1.73% yes yes 
MDS/AML#1 4.61% yes no 
AML#7 1.03% yes yes 
AML#8 3.14% yes no 
AML#9 11.70% yes no 
AML#10 0.39% no yes 
Healthy control#2 1.14% no no 
AML#11 3.62% yes no 
AML#12 9.96% no no 
MDS/AML#2 2.33% yes yes 
AML#13 0.99% no no 
AML#14 1.77% yes no 
AML#15 3.22% yes yes 
AML#16 2.39% no no 
MDS#2 1.68% no no 
AML#17 2.33% yes yes 
AML#18 2.43% yes yes 
MDS#3 7.82% no no 
MDS#4 4.22% no no 
AML#19 0.53% no no 
AML#20 0.28% no no 
AML#21 0.71% yes yes 
MDS#5 2.17% yes no 
MDS#6 0.86% no no 
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