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Supplementary Figures
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Fig. S1 Characterization of ECs derived from hPSCs. Related to Figure 1.

(A) Schematics of hPSC-EC differentiation. (B) Immunostaining of CD31 (red) and CD144 (green) in
ECs (H1 derived, d8). Scale bars: 50 um. (C) Flow cytometry analysis of ECs co-stained with CD31 and
CD144. (D-E) EC in vitro functional assays: Ac-LDL (red) uptake (D) and tube formation (E). (F-G)
Flow cytometry analysis of FLK1 and CD31 during EC differentiation. (H) Q-PCR of ETV2 expression in
FLK1*, FLK1"CD31-, and FLK1*CD31* cells during EC differentiation. Data are presented as mean +
SEM. n = 3 biological replicates. **p<0.01, ***p<0.001.
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Fig. S2 CRE identification and annotation. Related to Figure 1.

Heatmap of type 3 CRE in EPC and associated GO term and KEGG pathway analysis. Note that the
enriched GO terms include endothelium development, while KEGG pathway analysis highlights the
Apelin signaling pathway, both of which are closely associated with EPC fate specification.
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Fig. S3 Identify candidate TFs specifically expressed in endothelial lineages. Related to Figure 2.
(A) IGV snapshot of histone modification and open chromatin profile for candidate TFs. (B) UMAP plot
showing co-expression of candidate with CD31 and FLK1 during EC differentiation. AA stands for

sample from Zhang’s protocol (GSE166462), the others are from McCracken’s protocol (GSE131736).
Epi, Epithelial cells; mesen, mesenchymal cells; meso, mesoderm cells. Asterisk (*) labels all the EC

clusters.



Fig. S4
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Fig. S4 BCL6B is specifically expressed in human endothelial cells. Related to Figure 2.

(A) Immunofluorescence detecting BCL6B protein in ECs, umbilical cord MSC (UC-MSC), human skin
fibroblasts (Fib), and SMCs (derived from H1 hESC). Note that BCL6B (green) is only detected in ECs.
(B) Q-PCR of BCL6B mRNA levels in different progenitor population (FLK1+, FLK1+CD31-, and

FLK1+CD31+) during EC differentiation. Data are presented as mean + SEM. n = 3 biological replicates.
**p<0.01, ***p<0.001.



Fig. S5
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Fig. S5 BCL6B functional studies during hPSC-EC differentiation. Related to Figure 2.
(A-B) Sanger sequencing (A) and RT-qPCR (B) verification of BCL6B mutant iCas9-HUESS8 lines. (C)
Immunostaining of OCT4 (green) and NANOG (red) in wild-type (WT, iCas9) and BCL6B mutant lines. (D)
Normal karyotype of WT and BCL6B mutant lines. (E) Representative images of tube formation from WT and
BCL6B KO ECs. (F) Quantification of tube formation using ImageJ Angiogenesis Analyzer. *p<0.05, **p<0.01,
p<0.0001**** (G, H) Q-PCR analysis showing increased expression of AEC marker genes (G) and selective

Notch pathway genes (H) expression in icas9-B6KO. Data are presented as mean £+ SEM. n =

B cas9
m icas9-B6KO
mm icas9-B6KO day3+DAPT

3 biological

replicates. **p<0.01, ***p<0.001. Note that DAPT, a y-secretase inhibitor, did not abolish the up-regulation of AEC
and Notch pathway genes, suggesting BCL6B regulates these genes at transcriptional level.
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Fig. S6 BCL6B overexpression upregulated VEC genes. Related to Figure 2.
(A) BCL6B (red) and GFP are co-expressed in cell nuclei after doxycycline (CDS+dox) treatment. Scale bars,
20pum. (B) Gene set enrichment analysis (GSEA) of differential genes from BCL6B OE (+dox) EC compared with
control EC (-dox). (C, D) Q-PCR showing the differential arterial and venous EC gene expression in BCL6B OE
(+dox) EC and control EC (-dox). Data are presented as mean £ SEM. n = 3 biological replicates. **p<0.01,

**%p<0.001.



Materials and Methods

Human pluripotent stem cell culture and differentiation

H1 hESCs (WiCell Institute), HUES8-iCas9 hESCs were routinely maintained on inactivated MEF
feeders in the hESC medium, as described previously (Zhang et al., 2017). For feeder-free culture,
hPSCs were cultured on vitronectin or Matrigel (BD Biosciences, 356231)-coated plates in TeSR-
E8 medium (STEMCELL Technologies, 05990). Cells were dissociated with Accutase (Millipore,
SF006) for passaging. The AATS medium for EC differentiation was described in Zhang et al.
(Zhang et al., 2021). Briefly, for vascular mesoderm induction, 5 ng/mL BMP4 (Peprotech, 120-
05) and 2 pM CHIR99021 (Tocris, 4423) were added to the AATS medium for 2 days with daily
medium change. Cells were then splitted and replated onto 50 ng/mL VEGF-A (SinoBiological,
11066-HNAB) and 10 ng/mL bFGF/FGF2 (SinoBiological, 10014-HNAE) supplemented AATS
medium for EC induction for another 5 days with daily medium change.

Immunostaining, flow cytometry analysis and Western blot

Primary antibodies used in this study are: (1) immunofluorescence: CD31 (Abcam, ab9498), VE-
cadherin/CD144 (Abcam, ab33168), OCT4 (Millipore, MAB4419), NANOG (CST, 4903), and
BCL6B (Immunoway, YNO0324); (2) flow cytometry: FITC-conjugated anti-CD31 (BD
Biosciences, 555445), Alexa Fluor®647-conjugated anti-CD144 (BD Biosciences, 561567), APC-
conjugated anti-FLK1 (BiolLegend, 359916), PE-conjugated anti-CD73/NT5E (BioLegend,
344003), and APC-Cy7-conjugated CD184/CXCR4 (BioLegend, 306527).

For immunostaining, cells were fixed with 4% paraformaldehyde (PFA) for 10 min. After PBS
wash, the fixed cells were permeabilized in PBS containing 0.2% Triton X-100 for 20min.
Following blocking in 5% BSA (bovine serum albumin), cells were incubated with primary
antibodies at 4°C overnight. Cells were washed in PBST for 3 times, incubated with fluorophore-
conjugated secondary antibodies for 1 hour, washed in PBST, and stained with 1 ug/mL DAPI.
For flow cytometry analysis and sorting, cells were dissociated into single cells using Accutase,
washed with PBS. After centrifugation (300>g, 5 min), the cell pellet was resuspended in the
FACS washing buffer (PBS with 5% FBS and 2.5 mM EDTA) with fluorophore-conjugated
antibodies or IgG, incubated at room temperature for 30 min, washed twice with PBS, and

resuspended in FACS washing buffer. Data were collected with BD LSRFortessa flow cytometer



and analyzed using FlowJo Software (version 10.0.7). For Western blot, cells were trypsinized and
lysed in RIPA buffer (Applygen) containing 1:50 Protease inhibitor cocktail (Roche). Total
proteins were dissolved in loading buffer (CWBIO, CW0027S), denatured at 98°C for 10 min,
separated with 12% SDS-PAGE gel, and transferred to nitrocellulose membrane. The membrane
was blocked in TBST containing 5% skim milk and incubated with primary antibodies at 4°C
overnight. Then, the membrane was washed with TBST and incubated with horseradish peroxidase
(HRP)-conjugated secondary antibody (EarthOx, E030120). After washing with TBST, the
membrane was reacted with chemiluminescent HRP substrate (Merck, WBKLS0100). The protein

band was visualized by ECL reaction.

EC functional test assays

The biological function of hPSC-ECs was assessed by human Dil-conjugated acetylated low-
density lipoprotein (Dil-ac-LDL) uptake and tube formation assays. For the Dil-ac-LDL uptake
assay, ECs were incubated with 5 mg/mL of Dil-Ac-LDL (Yeasen, 20606ES76) at 37 <C for 4
hours, washed with PBS, and stained with Hoechst33258 (Dojindo) to label the nuclei. For the
tube formation assay, 1><10° ECs were plated onto one well of 24-well plates pre-coated with
Matrigel and incubated at 37 <C for 12 hours.

Quantitative PCR

Total RNA was extracted from freshly dissociated cells using TRIzol (Invitrogen) and purified
with RNeasy Plus Mini Kit (Qiagen). 1 pg total RNA was reverse transcribed with 5xAll-In-One
RT MasterMix (Abm). Q-PCR reactions were performed using GoTaq gPCR Master Mix
(Promega) in a CFX96 Real-Time thermal cycler (Bio-Rad), and results were analyzed with the
Bio-Rad CFX Manager program. The sample input was normalized against the Ct (Critical

threshold) value of GAPDH. Primer sequences are listed in Table S1.

RNA-seq, ATAC-seq and ChlIP-seq library preparation and high-throughput sequencing

RNA-seq library was prepared using the Smart-seq2 protocol (Picelli et al., 2014) with slight
modifications. Briefly, 100 ng total RNA was used for reverse transcription and template switching
to synthesize cDNA. Then the cDNA was amplified by PCR. After purification, the amplified
cDNA was subjected to library construction using the TruePrep™ DNA Library Prep Kit (Vazyme,
TD501).



ATAC-seq library was prepared using the adapted Omini-ATAC-seq protocol (Corces et al., 2017).
Briefly, 50,000 freshly sorted cells were lysed and centrifuged to pellet the nuclei. The nuclei were
transposed by Tn5. Then, the transposed DNA was purified with MinElute PCR Purification Kit
(Qiagen) and subjected to library preparation with the TruePrep™ DNA Library Prep Kit.

ChlP-seq was performed using the CUT&Tag protocol (Kaya-Okur et al., 2019), following the
instruction of the NovoNGS® CUT&Tag 2.0 kit (Novoprotein, N259-YHO01). Briefly, 50,000
freshly sorted cells were immobilized on Concanavalin A magnetic beads and permeabilized. After
the primary Ab binding, beads were washed and incubated with the secondary antibody. After
washing to remove unbound antibodies, pA/G-Tn5 was added to allow transposition on the DNA
regions binding to the Ab. Then, the transposed DNA was released, purified and subjected to
library construction using the reagents provided by the kit. Antibodies used in this study for
CUT&Tag are anti-H3K4me3 (Merck, 04-745, 1:100), anti-H3K27me3 (Diagenode, C15410069,
1:100), anti-H3K27ac (ActiveMotif, 39133, 1:100), rabbit IgG (CST, 3900, 1:100), guinea pig
anti-rabbit IgG (Cloud-clone, SAA544Rb50, 1:100).

All the generated libraries were sequenced on the lllumina X10 platform (paired-end, 150 bp).
ATAC-seq and ChlIP-seq data analysis

For ATAC-seq and ChlP-seq data analysis, raw data was first quality controlled (FastQC, version
0.11.7) and trimmed (Trim_Galore, version 0.4.4). The trimmed reads were mapped to the hg38
genome (UCSC) with bowtie2 (version 2.3.5) (Langmead and Salzberg, 2012). Mapped reads were
sorted by Samtools (Li et al., 2009), PCR duplicates and reads from mitochondria were removed
(Picard tools MarkDuplicates). Then, filtered bam files were transferred to the bigwig file using
the bamCoverage tool from deepTools2 (Ramirez et al., 2016). Integrative genomics viewer (IGV)
(Robinson et al., 2011) was used to visualize enriched signals. Peaks were called using MACS2
(Zhang et al., 2008; Feng et al., 2012) (version 2.2.6).

For accessible/open chromatin analysis from ATAC-seq data, the identified peak regions were
analyzed by Homer (Heinz et al., 2010) findMotifsGenome.pl (version 4.10.4) to find enriched TF
motifs. For peak intensity analysis, consensus peaks across all samples were first generated. Count
and RPKM of the peaks were calculated, differential peaks were extracted with DiffBind (Ross-
Innes et al., 2012) and annotated with ChIPseeker toolkits (Yu et al., 2015). Then differential peaks



were classified with K-means clustering. The deepTools2 tool plotMatrix was used for differential

peak intensity calculation, and plotHeatmap for data visualization.

For peak annotation and analysis, peaks called from ATAC-seq and ChlP-seq were annotated to
their nearest gene according to the following priority order: promoter, 5’-UTR, 3°-UTR, exon,
intron, downstream of gene end, and distal intergenic. ClusterProfiler (Yu et al., 2012) was used
for peak-associated gene GO (Gene ontology) and KEGG pathway enrichment analysis.

For H3K4me3 broad peak analysis, broad peak was called with MACS2 (callpeak --broad), peaks
were sorted by peak width, then the top 5% broadest peaks were extracted as signature H3K4me3
markers of each differentiation stage and annotated to their nearest gene.

For CRE (cis-regulatory elements) identification, ATAC-seq peaks sharing at least 20% overlap
with H3K27ac and/or H3K4me3 peaks were identified as potential CRE using bedtools (Quinlan
and Hall, 2010) (intersect f=0.2). Stage-specific CREs were extracted and annotated to their
nearest gene(s).

For TSS region signal intensity analysis, reads distributed kb within gene TSS region were

calculated using DiffBind and the RPKM for each region was used for heatmap plotting.

RNA-seq data analysis and identify stage-specific transcription factors

Raw RNA-seq reads were trimmed and mapped against the hg38 reference genome, and then the
expression (FPKM and count) was calculated with RSEM (Li and Dewey, 2011) (version 1.2.28).
For stage-specific TF identification, RNA-seq data were subjected to (negative binomial tests for)
pairwise comparison using the DESeq2 (Love et al., 2014). Stage-specific genes were extracted
from the differentially expressed genes list using the following thresholds: FPKM >5 at least in
one stage (2 replicates), the sum of FPKM (all samples) > 10, FPKM fold change >2 in one stage
over the other stages. All the stage-specific genes were cross-referenced with the gene list
downloaded from the AnimalTFDB3.0 database (Hu et al., 2019) to identify the stage-specific TFs
of hPSC-EC differentiation. SCRNA-seq data (GSE166462 and GSE131736) was integrated and
analyzed using Seurat v4.0 (Hao et al., 2021).

Plasmid construction, lentivirus production and hPSC transfection
The Tet-On system (ClonTech) was used for inducible gene expression. BCL6B coding sequence
(CDS) was cloned from EC cDNA and fused with T2A-GFP, then the BCL6B CDS-T2A-GFP

cassette was placed behind a TRE promoter-driven lentiviral backbone. The pLenti-rtTA



(Addgene#19780) plasmid was used for constitutive rtTA expression. SQRNAs (Table S1) for
BCL6B gene mutation were constructed into the pLenti-sgRNA(MS2)-zeo plasmid backbone
(Addgene#61427). 293FT cells were used for lentivirus production by Lipofectamine® 2000
(Invitrogen) transfection. The 293FT cells were maintained in DMEM medium supplemented with
10% fetal bovine serum (FBS) and 1mM sodium pyruvate. For gene knock-out using the iCas9
cells (Gonzalez et al., 2014), cells were incubated with sgRNA-expressing lentivirus while
passaging, lentivirus was washed away after incubating for 6 hours. Then, 2 pg/mL zeocin
(Invitrogen) and 1 pg/mL doxycycline (Sigma) were added to select cells with sgRNA cassette-
insertion and to induce Cas9 expression. After selection, single cells were seeded onto a 10-cm
dish and grew for 10-14 days to form single colonies. The colonies were picked into a 24-well
plate and genotyped. The colonies with BCL6B gene disruption on both alleles were expanded.
Similarly, for Tet-on system-mediated BCL6B CDS expression, H1 cells were infected with rtTA
and TRE-BCL6B-T2A-GFP lentivirus.

Statistical analysis

Quantitative data are represented as mean = SEM (standard error of mean). The statistical
significance was determined using two-tailed Student’s t-test (two-tail) for two groups or one-way
ANOVA for multiple groups. A value of p < 0.05 was considered statistically significant.

Data availability

Raw and processed RNA-seq, ATAC-seq, and ChlIP-seq data are publicly available at the Gene
Expression Omnibus (GEO) with accession number GSE186755. All other relevant data are

available from the corresponding author upon request.
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Table S1. Oligo sequences used in this study

Name Accession No.  [Forward primer Reverse primer
QP-BCL6B NM_181844 aggctcaagacacctctggat cttgtagcggaacgaagaccg
QP-ETV2 NM_014209 ccgacggcgatacctactg cggtggttagttttggggcat
QP-ACTB NM_001101 caccattggcaatgagcggttc aggtctttgcggatgtccacgt
QP-GAPDH NM_002046 tgatgacatcaagaaggtggtgaag  |tccttggaggcecatgtgggcecat
QP-APLNR NM_005161 ctctggaccgtgtttcggag ggtacgtgtaggtagcccaca
QP-NR2F2 NM_001145155 |[gccatagtcctgttcacctca aatctcgtcggctggttg
QP-NT5E NM_001204813 |ccagtaccagggcactatctg tggctcgatcagtccttcca
QP-LYVEL NM_006691 aggctctttgcgtgcagaa ggttcgcctttttgctcacaa
QP-CXCR4 NM_001008540 [actacaccgaggaaatgggct cccacaatgccagttaagaaga
QP-EFNB2 NM_001372056 [aaggactggtactatacccacag tgtctgcttggtctttatcaacc
QP-NRP1 NM_001024628 |gatcctcatcgggcattctctc actgctctgcaagacactgtag
QP-DLL4 NM_019074 gcccttcaatttcacctgge caataaccagttctgacccacag
QP-HEY1 NM_001040708 [atctgctaagctagaaaaagccg gtgcgcgtcaaagtaacct
QP-HEY2 NM_012259 aaggcgtcgggatcggataa agagcgtgtgcgtcaaagtag
QP-NOTCH1 NM_017617 gaggcgtggcagactatgc cttgtactccgtcagcgtga
QP-NOTCHA4 NM_004557 cctggctccttcaactgcc gcaagtaggtccagacaggt
BCL6B KO gRNA1 actgacgtcacgctgctggt accagcagcgtgacgtcagt
BCL6B KO gRNA2 cgccactcctccgacgtget agcacgtcggaggagtggceg
BCL6B KO gRNA3 ctcaacgagctgcgcctgcg cgcaggcgcagctcgttgag
BCL6B KO-genotyping aagaattaggagggaggctgc ttcggattccctctcaacgg




