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Supplemental Methods 

Cell Culture 

We isolated CD34+ cells from human cord blood using EasySep™ Human CD34+ 

Selection Kit II and tested for purity over 95% using flow cytometry. For erythroid 

differentiation, CD34+ cells were cultured at 105 cells/ml for seven days in SFEM II medium, 

supplemented with 1% penicillin/streptomycin, 10 ng/ml stem cell factor, 10 ng/ml IL-3, and 3 

IU/ml erythropoietin (EPO). Then, the cells were cultured at 4 × 105 cells/ml for four more days 

in SFEM II supplemented with stem cell factor and EPO, and cultured at 7.5 × 105 cells/ml for 

3 more days in SFEM II supplemented with EPO. Human CB samples from full-term newborns 

were obtained from Beijing Obstetrics and Gynecology Hospital, Capital Medical University 

(Beijing, China) with parental consents. The subject has signed an informed consent form, and 

the research was approved by the ethical committee of Beijing Institute of Genomics (BIG), 

Chinese Academy of Sciences. To validate the functions of lncRNAs in erythropoiesis, a 

lentiviral overexpression system was used to overexpress DANCR and PCED1B-AS1 in CD34+ 

cells35. Cells were cultured in an incubator at 37°C with 5% CO2. 

Overexpression and knockdown of DANCR and PCED1B-AS1 

The mRNA sequences of DANCR and PCED1B-AS1 were obtained from NCBI and cloned into 

the lentiviral plasmid pHAGE-fEF-1a-IRES-ZsGreen-2. The overexpression plasmid or the 

empty plasmid, the packaging plasmids psPAX2 and pMD2.G were co-transfected into 293T 

cells at a ratio of 1:1:1. The DANCR and PCED1B-AS1 shRNA were cloned into the lentiviral 

plasmid pSIH1-H1-puro-coGFP, The control and knockdown plasmids were co-transfected into 

293T cells with the packaging plasmids pMDLg, VSVG, and pRSV-Rev at the ratio of 10:5:3:2. 

The cell culture medium was collected at the timepoint of 48h and 72h, and concentrated 50 

times with PEG 8000 (Solarbio). The differentiated CD34+ cells were infected on day 2 

according to the MOI value of the virus, and the proportion of GFP-positive cells was analyzed 

by flow cytometry. Primer sequences used for overexpression or knockdown are shown in 

Supplementary Table 1 A-B. 

Dual‐luciferase reporter assay 

The promoter sequence of PCED1B-AS1 (-984~+1) was amplified and cloned into PGL4.10 

plasmid. JASPAR (http://jaspar.genereg.net/) was used to predict the GATA1 binding site (-
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421~-432) on the promoter. QuikChange Primer Design is used 

(https://www.genomics.agilent.com/primerDesignProgram.jsp) to design the primers for 

mutation and deletion. Using QuikChange Lightning (Agilent), normal plasmid is used as 

template to construct mutant and delete plasmids according to the method provided by the 

manufacturer. PGL4.10 empty plasmid and recombinant plasmid (100 ng) and internal 

reference plasmid PRL-TK (5 ng) were co-transfected into 293T cells (0.5×105/well) using 

Lipofectamine 2000. After 48h, each well was lysed with 80 μL 1×Passive Lysis Buffer, 10 μl 

of which was taken, and tested by a dual luciferase assay. Primer sequences used for dual 

luciferase assay are shown in Supplementary Table 1C.  

Colony-forming unit assay 

Colony-forming units (CFU) were generated in a cytokine-containing methylcellulose medium 

(MethoCult Media H4434, StemCell Technologies) by seeding 500 cells per well with 0.6 ml 

medium in a 12-well plate. After 12–14 days of culturing, multi-lineage colonies were counted 

under an inverted microscope. 

In vitro RNA pull-down assay 

Substrate RNA for bead immobilization was in vitro transcribed in a 20 µl reaction mix 

containing 1 μg of template DNA of PCED1B-AS1, 4 µl 5x T7 transcription buffer, and 1 µl 

T7 RNA polymerase mix at 37 °C for 12 h. After purification with Trizol Reagent, the 

transcribed RNA was labelled with Biotinylated cytimidine biphosphatem to form Biotin-RNA 

at 16 °C overnight. Then 150 µl Pierce Nucleic-Acid Compatible Streptavidin Magnetic Beads 

(Thermo fisher, Cat# 20164) was mixed with Biotin-RNA and incubated in RNA Capture buffer 

for 15-30 minutes. After washing the RNA-bead complex twice with Wash Buffer, we 

resuspend the Beads with 1 x Protein-RNA Binding Buffer. Then the RNA-bead complex was 

incubated by rotating with the cell extracts of differentiated CD34+ cells on day 11 at 4 °C for 

1h. After washing the beads 5 times, 50 µL Biotin Elution buffer was added to elute the proteins 

bound to the immobilized RNAs. The recovered proteins were resolved by gradient gel 

electrophoresis for identification by mass spectrometry. Primer sequences used for 

amplification of the template DNA are shown in Supplementary Table 1D. 
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Additional Figure  

Supplemental Figure 1. Number of differentially accessible peaks, genes, and lncRNAs at 

adjacent stages during erythroid differentiation.The upper panel shows changes in the 

enhanced accessible chromatin, up-regulated genes, and lncRNAs of adjacent stages during 

erythroid differentiation, and the bottom panel displays the results of opposite changes. 

 

 

Supplemental Figure 2. Relationship between mRNA-seq differential expression genes 

and chromatin accessibility change associated genes during MEP to EB. (A). The changes 

of top 20 erythroid-related genes and associated chromatin accessibility during MEP to EB. (B). 

The changes of top 20 leukocyte activation related genes and associated chromatin accessibility 

of during MEP and EB. The blue bar plot represents the fold change of mRNA-seq differential 

genes, and the red line represents the fold change of differential peaks. Enriched function of 

differentially accessible chromatin (C) and expressed genes (D) during HSC differentiated into 

CMP. 
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Supplemental Figure 3. Expression of hub genes in significant modules of each stage 

during HSC differentiated into MEP. 
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Supplemental Figure 4. Integrative screening of lncRNAs. The upset plot shows the number 

of intersecting lncRNAs among specific lncRNAs, differential lncRNAs, and genes annotated 

in differential accessible chromatin from HSC differentiated into MEP during erythroid 

differentiation. 
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Supplemental Figure 5. The expression of lncRNAs with potential regulatory functions at 

HSC (A, B, C, D, E), MPP (F, G) and CMP (H, I) stages. 
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Supplemental Figure 6. Overexpression of DANCR promotes erythroid differentiation by 

compromising megakaryocyte differentiation. (A) The detection of DANCR 

overexpression in differentiated CD34+ cells (Day 11) by qPCR assay. (B) The expression of 

CD235a were detected by flow cytometry in the differentiated DANCR-OE CD34+ cells (Day 

13). (C) Colony-forming capacity analysis of DANCR overexpression in CD34+ cells. The 

percentage of erythroid progenitor colonies (BFU-E/CFU-E, red) in DANCR-OE CD34+ cells 

was higher than that of the control, while the percentage of colonies (CFU-GEMM, blue) 

containing megakaryocyte progenitors in DANCR-OE CD34+ cells was lower than that of the 

control. (D) Overexpression of DANCR in CD34+ cells promote the accumulation of β-

hemoglobin (HBB) and γ-hemoglobin (HBG) proteins on Day 13. (E) Function enrichment of 

differently expressed genes caused by DANCR overexpression in K562 cells. The X axis is the 

negative logarithm of P value, the Y axis is the function items. Statistical results were analyzed 

by student’s t-test and Kruskal-Wallis test, ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001. 
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Supplemental Figure 7. Overexpression of PCED1B-AS1 promotes erythroid 

differentiation. (A) The detection of PCED1B-AS1 overexpression in differentiated CD34+ 

cells (Day 11) by qPCR assay. (B) The detection of CD235a+ cells by flow cytometry in the 

PCED1B-AS1–OE differentiated CD34+ cells (Day 13). The percentage on right in each figure 

represents the proportion of CD235a+ cells. (C) Relative expression of erythroid related genes 

in differentiated PCED1B-AS1–OE CD34+ cells (Day 11) detected by qPCR assay. (D) The 

expression of β-hemoglobin (HBB) and γ-hemoglobin (HBG) proteins detected by western blot 

in differentiated PCED1B-AS1–OE CD34+ cells (Day 13). Statistical results were analyzed by 

student’s t-test and Kruskal-Wallis test, ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001. Ctrl: control group, 

OE: overexpression. 
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Supplemental Table 1 Primer Sequences  

A: Primer sequences used for knockdown 

Gene target shRNA ID mRNA target site 97mer oligo 

DANCR DANCR-sh1 
GCTGGTAAAGAAATGG

ATTAG 

GATCCGCTGGTAAAGAAATGGATTAGC

TTCCTGTCAGACTAATCCATTTCTTTAC

CAGCTTTTTG 

DANCR DANCR-sh2 
GATATGTCATCACCGGA

AACT 

GATCCGATATGTCATCACCGGAAACTCT

TCCTGTCAGAAGTTTCCGGTGATGACA

TATCTTTTTG 

PCED1B-

AS1 
PCED1B-AS1-sh1 

GCCAGTGTCAGTCTTTG

TTCC 

GATCCGCCAGTGTCAGTCTTTGTTCCC

TTCCTGTCAGAGGAACAAAGACTGAC

ACTGGCTTTTTG 

PCED1B-

AS1 
PCED1B-AS1-sh2 

GGAGAATCAGACATTA

CTTTC 

GATCCGGAGAATCAGACATTACTTTCC

TTCCTGTCAGAGAAAGTAATGTCTGAT

TCTCCTTTTTG 

B: Primer sequences used for overexpression 

Primer name Primer sequences (5’-3’) 

DANCR-F-NotI GGGGCGGCCGCCCCGCCCCGCGCCGCCTCTC 

DANCR-R-XbaI GGGTCTAGAGTCAGGCCAAGTAAGTTTATT 

PCED1B-AS1-F-NotI GGGGCGGCCGCAGGAAGCGGAAGACTAATG 

PCED1B-AS1-R-XbaI GGGTCTAGAAGGAGACCAGGGTTTTAT 

C: Primer sequences used for dual‐luciferase reporter assay 

Primer name Primer sequences (5’-3’) 

PCED1B-AS1-Promoter-F-Kpn1 CCCGGTACCTCTTTCTCTGTCTCTCTCTCTCTCTCT 

PCED1B-AS1-Promoter-R-Sac1 CCCGAGCTCTAAAGCAAGAAACTAAATGCTGAC 

PCED1B-AS1-Promoter-Del-421 
TGTCCATTTTAATAAATTTACAAGTTTATCAATTTGTTATTGC

CAAGCACCAGTTGTC 

PCED1B-AS1-Promoter-Del-421-anti 
GACAACTGGTGCTTGGCAATAACAAATTGATAAACTTGTAA

ATTTATTAAAATGGACA 

PCED1B-AS1-Promoter-Mut-423 
CTAAAGAGACAACTGGTGCTTGGCAATAACAAAATTTTTTT

TGATTGATAAACTTGTAAATTTATTAAAATGGACAGT 

PCED1B-AS1-Promoter-Mut-423-anti 
ACTGTCCATTTTAATAAATTTACAAGTTTATCAATCAAAAAA

AATTTTGTTATTGCCAAGCACCAGTTGTCTCTTTAG 

D: Primer sequences used for RNA pull-down 

Primer name Primer sequences (5’-3’) 

PCED1B-AS1-sense-F TAATACGACTCACTATAGGGAGGAAGCGGAAGACTAATGACCG 

PCED1B-AS1-sense-R AGGAGACCAGGGTTTTATTATTA 

PCED1B-AS1-antisense-F AGGAAGCGGAAGACTAATGACCG 

PCED1B-AS1-antisense-R TAATACGACTCACTATAGGGAGGAAGCGGAAGACTAATGACCG 
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Supplemental Table 2: Motif enrichment results of specific peaks at each stage during 

erythroid differentiation.  
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Supplemental Table 3: Motif enrichment results of differential peaks during erythroid 

differentiation.   

  

 
Supplemental Table 4: The representative co-precipitated proteins with LncRNA PCED1B-
AS1 in erythroblasts identified by mass spectrometry. 

 

 

 

Rank Protein ID Accession -10lgP Coverage (%) #Peptides Avg. Mass Description

1 3890 Q15149 312.33 19 78 531796 Plectin OS=Homo sapiens OX=9606 GN=PLEC
PE=1 SV=3

2 176 Q08043 210.91 13 13 103241 Alpha-actinin-3 OS=Homo sapiens OX=9606
GN=ACTN3 PE=1 SV=2

3 559 Q8IUE6 206.81 48 11 13995 Histone H2A type 2-B OS=Homo sapiens OX=9606
GN=HIST2H2AB PE=1 SV=3

4 89 A5A3E0 204.85 11 13 121444 POTE ankyrin domain family member F OS=Homo
sapiens OX=9606 GN=POTEF PE=1 SV=2

5 28 Q13885 197.97 31 13 49907 Tubulin beta-2A chain OS=Homo sapiens OX=9606
GN=TUBB2A PE=1 SV=1

6 111 Q9BYX7 189.8 19 9 42016 Putative beta-actin-like protein 3 OS=Homo sapiens
OX=9606 GN=POTEKP PE=5 SV=1

7 86 P54652 188.84 14 11 70021 Heat shock-related 70 kDa protein 2 OS=Homo
sapiens OX=9606 GN=HSPA2 PE=1 SV=1

8 3904 P16401 186.45 31 11 22580 Histone H1.5 OS=Homo sapiens OX=9606
GN=HIST1H1B PE=1 SV=3

9 3892 O43390 180.97 21 10 70943
Heterogeneous nuclear ribonucleoprotein R
OS=Homo sapiens OX=9606 GN=HNRNPR PE=1
SV=1

10 345 P17844 177.22 17 9 69148
Probable ATP-dependent RNA helicase DDX5
OS=Homo sapiens OX=9606 GN=DDX5 PE=1
SV=1

50 3971 P15976 112.01 8 2 42751 Erythroid transcription factor OS=Homo sapiens
OX=9606 GN=GATA1 PE=1 SV=1

259 4182 Q93009 28.4 1 1 128302 Ubiquitin carboxyl-terminal hydrolase 7 OS=Homo
sapiens OX=9606 GN=USP7 PE=1 SV=2
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Supplemental Table 5: TFs related to DANCR presented in promoter region of DANCR.   

  
 


