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Supplementary Fig.1. A, B cells, monocytes, CD4* T cells, and CD8* T cells were

isolated from CD34- PBMCs with their corresponding microbeads. Flow cytometric plots



show the purity of B cells, monocytes, CD4* T cells, and CD8" T cells were 93.2%, 87.7%,
97.1%, and 94.6%, respectively. B, The 3-phase in vitro erythropoiesis protocol for human
HSPCs. C, Flow cytometric plots of erythroid marker CD235a (glycophorin A) levels after
CD34* HSPCs were maintained in erythroid differentiation medium for 12 d (left panel).
The levels of Band3 and CD49d in the gated CD235a" cells were measured by flow
cytometry (right panel). D, ChlP-seq quality measured by Cross-correlation analysis and
total number of peaks detected. E, Heatmap showing the unsupervised hierarchical
clusters based on Pearson correlation of CTCF ChlP-seq signals in different blood cell

lineages. Numbers represent the value of Pearson correlation coefficient.



Figure S2

PC2 (19.98%)

T cell
118,776,000 118,794,000
1 =BCLOL
HSPC R1 A Mmee e _
HSPC R2 Y - e _ I . -
Ery R1 o b . e I
EyR2 R N
TeelR1 . . S
IR L _ o S
BoellR1 o ) S .
BecellR2 = 4 - —
Monocyte R1 _ R _ e R - -
MonocyteR2 e
B cell
106.985.000 107,010,000
mUGH
HSPC R1 ) L .. B S -
HSPC R2 N -
Ery R1 ) o _ _ . o "
Ery R2 o o - - o e
T cell R1 " e
TecellR2 .  a e B B - B a
B cell R1 B ik o
B cell R2 Y . . ..
Monocyte Rt~ N - . o - N i
Monocyte R2 e
Monocyte
183,575,000 183,595,000
ARPC
ARP(
HSPC R1 - L _ _ o
HSPC R2 . i e da
Ery R1 o . R o R
EryR2 o e
TecelRt e e e
TcellR2 _ . _ e b e
BcellR1 _ B - N ailh
B cell R2 .
MonocyteR1 ... M o
Monocyte R2 . alh o .
B cell T cell
(o
0.75 mono « y P
0.50 *
0.25. [l Promoter
Intron
ery M Intergenic Mono
0.00:° h
CD8
-0.25 - %
CD4
Bceell ®

09 -06 -03 00
PC1 (52.05%)



Supplementary Fig. 2. A, Genome browser tracks showing dynamic CTCF-binding sites
(highlighted in pink) in T cell, B cell, and Monocyte respectively. B, PCA analysis of CTCF
ChlIP-seq in different blood lineages. The PCA is based on the raw ChlIP-seq signal at
CTCF binding sites. C, Pie charts showing percent of dynamic CTCF sites in different

genomic locations. Promoters are defined as +/-2000bp of transcription start sites (TSSs).



Figure S3

Mono B cell Tcell Ery

AP-1

ATGACTCATS:

Erythroid Cell
25/378

IRF8
2o APAAGTA
58 GGAASTGAAACT
€S
[
=
RUNX1
33 AAACCACASE
O
o
GATA1
- CAR NGA
SAGATAAGES
o
D
[ Beell
[ ERY
Reticulocyte_fraction_of_red_cells 25
Reticulocyte_count 17
Mean_corpuscular_hemoglobin_concentration 13
Mean_corpuscular_volume 22
Asthma 10
Arthritis 11
Lumbar_spine_bone_mineral_density 2
Kawasaki_disease 1
Albumin_globulin_ratio 2
Systemic_lupus_erythematosus 4
00 75 50 25 1

Rank

Supplementary Fig. 3. A, The color chart shows the DNA sequence of core CTCF
motif and upstream motifs. Red represents A, blue represents C, green represents T
and yellow represents G. The four groups are dynamic CTCF sites in different cell
types. B, p-values for enrichment of tissue-specific TF motifs in different blood cell
types, calculated by HOMER, is shown as a heatmap. C, Histogram in the top panel
represents the distribution of distance between CTCF and GATA1 motif instances in
erythroid dynamic CTCF sites. Negative distance indicates that GATA1 motifs are
located in the 3’end of CTCF motifs. Positive distance indicates that GATA1 motifs are
located in the 5’end of CTCF motifs. Each row in the bottom plot represents the distance

between GATA1 and CTCF within one dynamic CTCF site. Distances were sorted



based on absolute value. D, GWAS hits enrichment analysis were conducted using
randomly (100X) selected GATA1 and PU.1 peaks in erythroid and B-cells that have
the same total numbers and length distribution as the dynamic CTCF sites. If the g-
value of the dynamic CTCF sites was more significant than all the 100 random ones,
the rank was 1st. In contrast, if the g-value was less significant than the 100 random
ones, the rank was 100th. The actual ranking of dynamic CTCF sites for each trait is

plotted.
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Supplementary Fig. 4. A, Heatmap represents the ChlP-seq signals distribution of
378 erythroid dynamic CTCF sites within (+/- 500bp window) centered by the
ChiP-seq peaks. B, Cas9-expressing HUDEP-2 cells were transduced with a
lentiviral vector library containing 1188 sgRNA targeting erythroid dynamic CTCF-
binding sites and 100 control nontarget sgRNAs. Left panel: A volcano plot is
depicted with the log2 fold change for each gRNA between cells that grow in
expansion medium on 0 and 8 days. Right panel: A volcano plot is depicted with
the log2 fold change for each sgRNA between Band3® and Band3~ cells after 5
days of induced erythroid maturation. C, Heatmap showing the signals of ATAC-
seq, H3K27ac, and H3K27me3 ChlP-seq near the 20-kb windows of constitutive
CTCF-binding sites in HSPCs and erythroblasts. D, Violin box plots showing the CpG
methylation levels of GOSs and LOSs in HSPCs and erythroblasts. E, Screenshot of
loops identified by H3K27ac HiChIP (top), H3K27ac HiChIP signal (middle), and
H3K27ac ChIP signal tracks (bottom) in CD34* HSPCs derived erythroblasts from
the same donor in a 3-Mb window. F, Each boxplot represents the distribution
of the number of loops per anchor region (y-axis). The different groups of loop-
anchors based on the enrichment of H3K27ac signals from low (group 1) to high
(group 6) are presented on the x-axis. *** marks the comparison with a significant
difference (p-value < 2.2e-16) in the number of loops per anchor between dynamic
CTCF sites and constitute CTCF sites in group 6 (highlighted), using a

Wilcoxon-test.
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Supplementary Fig. 5. Examples of dynamic CTCF sites co-localized with GATA1
peaks and implicated in regulating gene expression during erythropoiesis. Within each
locus, the top panel is the screenshot of genome browser that includes the CRE-loops
detected by H3K27ac HiChIP, CTCF and GATA1 ChIP-seq in HSPC and erythroid
cells. The middle panel shows a zoomed-in view (highlighted in Pink) of the peaks and
consensus motifs of GATA1 and CTCF together with ATAC-seq signals in erythroid
cells. The bottom panel shows the expression level (RNA-seq) of each gene at
different stages of hematopoiesis. DNA sequences around CTCF and GATA1 motifs

are shown in the bottom panel with motif sequences highlighted and boxed.
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Supplementary Fig. 6. A, Schematic of the CTCF-binding motif near the RBM38

gene deleted with homology-directed genome editing in HUDEP-2 cells. A GATA1
binding site is located 160-bp upstream of this CTCF-binding motif. B, Alignment of
targeted deep sequencing data in a homozygous mut HUDEP-2 clone with the
CTCF motif deleted. C-D, A Cas9 RNP with a gRNA targeting the CTCF motif
was transiently transfected in CD34" HSPCs. HSPCs were grown in the erythroid
Phase | differentiation medium for 7 d and then harvested for targeted deep
sequencing. (C) Pie chart showing the percentage of modified (purple) and unmodified

DNA sequences. (D) Alignment of targeted deep-sequencing data.



Figure S7

10 — o PR P
m..% Y P
8 N % s LINCOTTY
q _-g&,,, TS é'\;‘?éf_ oy > mm;ﬁg?mg&)
2 _ﬂ ﬁ'—&" RO Ty 1l 43, C;ﬁ)— ) e s mh: Greom
Dynami; CTCEF site ~mut
15 - . — wt
— shared
10
5
0 T T T T
chr20 55.5 56 56.5 57 Mb

55,920,000 55,960,000 56,000,000 56,040,000 56,080,000

TAD I
PO11
SYTURAET e RBM3S CTCFLbehed
St
HUDEP2
g N .
S
Xz
I
* HUDEP2
mut .
o . .
6 $ Dlﬁerentlateddl‘um.ﬁg“‘l_.L.......A.L_u.....L__..A....._...u.-.‘._._4...._l.L‘...
e
© & Undifferentiated | L & L
C
Genomic . 2030M  2035M  2040M  2045M  2050M  2055M  206.0M

WT Hudep2 ChiIP-seq MM‘M-‘ ..J..“

WT Hudep2 loops N

WT Hudep?2 Hi-ChIP 1D sk
Mut loops N

Mut Hi-ChIP 1D Y




Supplementary Fig. 7. A. Top panel shows the location and transcriptional direction of
genes. The bottom panel represents the interactions involved with the dynamic CTCF-
binding site measured by H3K27ac HiChIP in CD34* HSPCs differentiated erythroblasts.
The color represents the different types of interactions. Blue, interactions in wildtype
HUDEP2 cells only, orange, interactions shared between wildtype and mutant cells. Red,
interactions in mutant cells only. B, Screenshot of chromatin interactions and related
ChIP-seq signals within the TAD containing RBM38 gene. The dynamic CTCF binding
site is highlighted. C, Screenshot of 3D chromatin loops and ChIP-seq signals identified
by H3K27ac-HiChIP with WT HUDEP-2 cells and a mut clone after 3 days of induced

maturation.



Supplementary Table Legends (separate files)

Supplementary Table 1. List of dynamic CTCF sites in Erythroid cells, B cells, T cells
and Monocytes. The coordinates and summits of the peaks; Log2 fold change, p-value
and adjust p-value of Deseq2; the ChlP-seq signals and existence of TF motifs within
+/-200bp of peak summits; the nearest gene and distance, together with the 3D
interactions of promoters detected by promoter capture Hi-C and HiChIP against
H3K27ac are shown.

Supplementary Table 2. DNA oligo sequences targeting RBM38 promoter for capture
Hi-C. Two DNA sequences of biotinylated oligos used are shown.

Supplementary Table 3. List of functional genomic data used in this study. The cell
type, culture condition, antibodies of newly generated are shown. The access ID of
downloaded data are shown.



