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Table S1. Published datasets used.

Reference  Description Source Accession Numbers/Identifiers
GSM3537065 (SRR8385490, SRR8385491)
hPSC-derived brain https://www.ncbi.nlm.nih. GSM3537067 (SRR8385494, SRR8385495)
43) ericvte-like cells gov/geo/query/acc.cgi?acc GSM3537068 (SRR8385496, SRR8385497)
pericy =GSE124579 GSM3537069 (SRR8385498, SRR8385499)
GSM3537070 (SRR8385500, SRR8385501)
. . https://www.ncbi.nlm.nih.  GSM2790557 (SRR6059668)
(45) hzrslgt‘ieﬂlz:‘iggm gov/geo/query/acc.cgi?acc  GSM2790558 (SRR6059669)
perey =GSE104141 GSM2790559 (SRR6059670)
httos:// nebinlm.nih GSM3895132 (SRR9312712)
(46) hPSC-derived brain O\I])/ 'eo y ue' /ac;: c i.‘7acc': GSM3895133 (SRR9312713)
pericyte-like cells g GS%EB;S Sgy Cel GSM3895134 (SRR9312714)
GSM3895135 (SRR9312715)
Mouse developing http://mousebrain.org/deve
(48) brain scRNA-seq lopment/downloads.html dev_all.loom
4 Meta-analysis of human brain scRNA-seq datasets (enumerated below)
https://portal.brain-
Adult human map.org/atlases-and-
(88) data/rnaseq/human-
neocortex scCRNA-seq . .
multiple-cortical-areas-
smart-seq
(89) GW17-18 human http://solo.bmap.ucla.edu/
neocortex SCRNA-seq shiny/webapp/
O1)  lobo and cercbellum g acolqueryace cairace SSMIB0129, GSMAUDSGSe,
scRNA-seq =GSE134355 ’
GW6-11 human https://www.ncbi.nlm.nih.
(90) ventral midbrain gov/geo/query/acc.cgi?acc
scRNA-seq =GSE76381
GW16-27 human https://www.ncbi.nlm.nih.
92) hippocampus scRNA- gov/geo/query/acc.cgi?acc

seq

=GSE119212




Table S2. Antibodies.

Species/ Manufacturer, clone (product a o
Target isotype number), RRID Fluorophore App. Dilution
Advanced Targeting Systems, 02 uL
p75-NGFR Mouse IgG1 ME20.4 (AB-NO07) Unconjugated FC 166 c glls
RRID:AB 171797
Sigma-Aldrich, VCI.1 02 ul
HNK-1 Mouse IgM (C6680) Unconjugated ~ FC o 511s
RRID:AB 1078474
Cell Signaling Technology, ICC 1:100
PDGFRp Rabbit IgG 28E1 (3169) Unconjugated
RRID:AB_ 2162497 WB - 1:500
ICC 1:100
Cell Signaling Technology, WB 1:1000
Notch3 Rabbit IgG D11B8 (5276) Unconjugated
RRID:AB_10560515 P 1:200
ChIP  1:200
Cell Signaling Technology,
Isotype control ~ Rabbit IgG DAI1E (3900) Unconjugated 1P 1:688
RRID:AB 1550038
Cell Signaling Technology,
Notchl Rabbit IgG DIEI11 (3608) Unconjugated WB 1:1000
RRID:AB 2153354
. Santa Cruz, BV9 (sc-52751) . )
VE-cadherin Mouse IgG2a RRID:AB_ 628919 Unconjugated ICC 1:100
Rabbit Prestige Antibodies, ICC 1:100
Tbx2 Ivelonal (HPA008586) Unconjugated
polyciona RRID:AB_1080222 WB - 1:500
. . Santa Cruz, EPS (sc-8422) . ICC 1:50
Fibronectin Mouse IgG1 RRID:AB_627598 Unconjugated WB 1250
Santa Cruz, B-2 (sc-9996) . IcC 1150
GFP Mouse 1gG2a RRID:AB_627695 Unconjugated WB 1250
. Sigma-Aldrich, hCP (C2687) . )
Calponin Mouse IgG1 RRID:AB_476840 Unconjugated ICC 1:15,000
Rabbit Abcam, (ab14106) . )
SM22a polyclonal RRID:AB 443021 Unconjugated ICC 1:1000
Lab Vision, 1A4 (MS-113-P) . )
a-SMA Mouse 1gG2a RRID:AB_64000 Unconjugated ICC 1:100
Cell Signaling Technology,
RBPJ Rabbit IgG D10A4 (5313) Unconjugated WB 1:1000
RRID:AB 2665555
Cell Signaling Technology,
B-actin Rabbit IgG 13E5 (4970) Unconjugated WB 1:1000
RRID:AB 2223172
Rabbit IgG Cell Signaling Technology,
(conformation-  Mouse IgG L27A9 (3678) Unconjugated WB 1:2000

specific)

RRID: RRID:AB 1549606




LI-COR, (925-68071)

Rabbit IgG Goat polyclonal RRID:AB_10956166 IRDye 680RD  WB 1:5000
Mouse IgG Goat polyclonal Iﬁ};ICS i’é?lzgégigég) IRDye 680RD  WB 1:5000
Rabbit IgG Goat polyclonal ]IEEIC]? i’é?é; 13831? D IRDye 800CW  WB 1:5000
Mouse IgG Goat polyclonal Iﬁ};ICS i’é?ég 13831510) IRDye 800CW  WB 1:5000
Mouse IgG1 Goat polyclonal g;%oiﬁié?ééégo) Alexa Fluor 647 FC 1:500
Mouse IgM Goat polyclonal g}%oiﬁié?;;ﬁz) Alexa Fluor 488 FC 1:500
Rabbit IgG Goat polyclonal g}%ﬁ%ﬁg&géﬁs) Alexa Fluor 647 ICC 1:200
Mouse IgG Goat polyclonal g;%oiﬁié?;ééis) Alexa Fluor 647 ICC 1:200
Mouse IgG Goat polyclonal g}%oiﬁié?giéggl) Alexa Fluor 488 ICC 1:200
Mouse IgG Goat polyclonal Invitrogen, (A-21424) Alexa Fluor 555 ICC 1:200

RRID:AB 141780

*Application: FC, Flow cytometry; ICC, immunocytochemistry; WB, Western blotting; IP, immunoprecipitation;
ChIP: chromatin immunoprecipitation



Table S3. Primer sequences.

Gene Primer sequence

Primers for cloning

NOTCH3 forward TAA GCA TTA ATT AAG CCA CCA TGG TCA TGG TGG CCC GG
NOTCHS3 reverse TGC TTA TTA ATT AAT CAG GCC AAC ACT TGC C
NOTCH] forward TAA GCA TTA ATT AAG CCA CCA TGG TGC TGC TGT CCC GCA AGC G
NOTCH] reverse TGC TTA TTA ATT AAT TAC TTG AAG GCC TCC GGA A
TBX?2 forward TAA GCA TTA ATT AAG CCA CCA TGA GAG AGC CGG CGC
TBX2 reverse TGC TTA TTA ATT AAT CAC TTG GGC GAC TCC C
EF-la promoter forward TCA AGC CTC AGA CAG TGG TTC

IRES reverse CCT CAC ATT GCC AAA AGA CG

Primers for RT-qPCR

eGFP forward GAA CCG CAT CGA GCT GARA

eGFP reverse TGC TTG TCG GCC ATG ATA TAG

ACTB forward CAT CCG CAA AGA CCT GTA CG

ACTB reverse CCT GCT TGC TGA TCC ACA TC

NGFR forward GTG GGA CAG AGT CTG GGT GT

NGFR reverse AAG GAG GGG AGG TGA TAG GA

PDGFRB forward GCT CAC CAT CAT CTC CCT TAT C

PDGFRB reverse CTC ACA GAC TCA ATC ACC TTC C

RGS5 forward GGA GGC TCC TAA AGA GGT GAA TA

RGSS5 reverse CCA TCA GGG CAT GGA TTC TTT

KCNJ8 forward AAC CTG GCG CAT AAG AAC ATC

KCNJS reverse CCA CAT GAT AGC GAA GAG CAG

NOTCH3 forward? GAG ACG CTC GTC AGT TCT TAG

NOTCHS3 reverse?® GGT GGA AAG AGA AGA GGA TGA A

TBX?2 forward ACA TCC TGA AGC TGC CTT AC

TBX?2 reverse AGC TGT GTG ATC TTG TCA TTC T

HEYL forward CAG ATG CAA GCC AGG AAG AA

HEYL reverse GGA AGA GCC CTG TTT CTC AARA

FOXS1 forward CCA AGG ACA ACC ACA CAG AA

FOXS|1 reverse GCC ACA GAG TAA ATC CCA AGA G

TBX18 forward CCC AGG ACT CCC TCC TAT GT

TBX18 reverse TAG GAA CCC TGA TGG GTC TG

FOXF?2 forward® ACC AGA GCG TCT GTC AGG ATA TT

FOXF?2 reverse® GTG ACT TGA ATC CGT CCC AGT TTC

MYL9 forward GTC CCA GAT CCA GGA GTT TAA G

MYL9 reverse CAT CAT GCC CTC CAG GTA TT

NDUFA4L?2 forward AGA GGA CCA GAC TGG GAA A

NDUFA4L?2 reverse CAG GCA GAT TAA GCC GAT CA

HIGDI1B forward CGA AGA CTG TGT GTC TGA GAA G

HIGDI1B reverse CTC AGC CGG TAA ATC CTG TAT G

ACTA?2 forward TGT TCC AGC CAT CCT TCA TC

ACTA?2 reverse GCA ATG CCA GGG TAC ATA GT

*Primers target 3’UTR and thus do not amplify transgene-derived transcripts.

"From ref. (110)
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Figure S1. Markers of neural crest, mural cells, and other mesenchymal derivatives. (A) Dot

plot of gene expression in murine cell Subclasses as defined by the authors. Neural crest, pan-

mesenchymal, fibroblast, pan-mural, pericyte, and VSMC marker genes are shown. Color

indicates expression level and dot size indicates the percent of cells in the indicated Subclass that

express a given gene. Data from (48). (B) Transcript abundance of selected genes from in vivo

human brain pericytes and primary human brain pericytes (4/). Data for in vivo human brain

pericytes are the same as shown in Fig. 1B. TPM: transcripts per million.
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Figure S2. Notch-dependence of observed transcriptional changes. (A) Western blots of
isotype control IgG and Notch3 immunoprecipitates (top) and input controls (bottom) from cells
6 days after transduction with GFP or N3ICD-GFP lentiviruses. Membranes were probed with the

RBPJ antibody. (B) Quantification of Western blots from co-immunoprecipitation assay described



in (A). RBPJ band intensities from immunoprecipitates were normalized to respective input control
band intensities. Points represent replicate wells from two differentiations of the H9 hPSC line,
each differentiation indicated with a different shape. Bars indicate mean values + SD, with values
normalized within each differentiation such that the mean of the GFP, IP: IgG condition equals 1.
P-values: Two-way ANOVA on unnormalized data followed by Tukey’s HSD test. (C) Schematic
of the mechanism of action of CB-103, a small molecule inhibitor of the Notch transcriptional
activation complex (49). NICD: Notch intracellular domain. (D) RT-qPCR analysis of mural cell
gene expression 6 days after transduction of neural crest cells with GFP or N3ICD-GFP
lentiviruses. Expression of each gene is shown relative to ACTB expression and normalized to
expression in GFP-transduced cells. Points represent replicate wells from a differentiation of the

H9 hPSC line and bars indicate mean + SD. P-values: ANOVA followed by Tukey’s HSD test.
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Figure S3. Effects of N1ICD and N3ICD overexpression. (A) Schematic of lentiviral
overexpression constructs. The parental pWPI vector and N3ICD-GFP are as described in Figure
1. To generate N11CD-GFP, a fragment of the human NOTCH! coding sequence (CDS) encoding
the intracellular domain of Notch1 was cloned into pWPI. IRES: internal ribosome entry site; AA:
amino acids. (B) RT-qPCR analysis of mural cell gene expression 6 days after transduction of

neural crest cells with GFP or N1ICD-GFP lentiviruses. Expression of each gene is shown relative



to ACTB expression. Points represent replicate wells from three independent differentiations, two
in the H9 hPSC line (black circles, black squares) and one in the IMR90-4 hPSC line (red circles).
Bars indicate mean values + SD, with values normalized within each differentiation such that the
mean of the GFP condition equals 1. P-values: Two-way ANOVA on unnormalized data. (C)
Western blots of cells 6 days after transduction with GFP, N3ICD-GFP, or N1ICD-GFP
lentiviruses. Membranes were probed with Notch3, Notchl, PDGFRp, Tbx2, fibronectin, GFP,
and B-actin antibodies. On the Notch3 and Notchl Western blots, arrows indicate the full-length
(FL) and Notch transmembrane/intracellular domain (NTM/ICD) bands. (D) Quantification of
Western blots. Band intensities were normalized to B-actin band intensities. Points represent
replicate wells from a differentiation of the H9 hPSC line. Bars indicate mean values + SD, with
values normalized such that the mean of the DMSO condition equals 1. P-values: ANOVA

followed by Tukey’s HSD test.
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Figure S4. Cell-autonomous effects of N3ICD overexpression. RT-qPCR analysis of GFP~ and
GFP" cells isolated via FACS 6 days after transduction of neural crest cultures with N3ICD-GFP
lentivirus. Expression of each gene is shown relative to ACTB expression and normalized to
expression in GFP~ cells. NOTCH3 primers target the 3’UTR and thus amplify only endogenous
NOTCHS3 transcripts. Points represent replicate wells from two independent differentiations, one
in the H9 hPSC line (black circles) and one in the WTC11 hPSC line (blue circles). Bars indicate

mean values = SD. P-values: Two-way ANOVA.
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Figure SS. Differentiation of smooth muscle-like cells from N3ICD-derived mural cells by
extended culture in E6 medium. (A) RT-qPCR analysis of GFP* cells at 2, 5, and 10 days after
isolation via FACS and culture in E6 medium. FACS was performed 6 days after transduction of
neural crest cultures with N3ICD-GFP lentivirus. Expression of each gene is shown relative to
ACTB expression and normalized to expression at 2 days post-FACS. NOTCH3 primers target the
3’UTR and thus amplify only endogenous NOTCH3 transcripts. Points represent replicate wells
from a differentiation of the H9 hPSC line. P-values: ANOVA followed by Tukey’s HSD test. (B)
Immunocytochemistry analysis of a-SMA, calponin, SM22a, PDGFRp, Tbx2, Notch3, and GFP

expression in GFP" cells from the H9 hPSC line 4 days after isolation via FACS as described

above. Hoechst nuclear counterstain overlaid in all images. Scale bars: 50 um.
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Figure S6. RNA-seq differential expression analysis and clustering. (A, B) Differential

expression analysis of GFP™ cells compared to neural crest (A) and GFP* cells compared to GFP~



cells (B). Data are displayed in MA plots; volcano plots are shown in Fig. 3C-D. Differentially
expressed genes (adjusted P-values < 0.05, DESeq2 Wald test with Benjamini-Hochberg
correction) are highlighted, and the numbers of upregulated and downregulated genes are shown
in the legends. Complete results of differential expression analysis are provided in File S2. (C)
Hierarchical clustering of samples and genes. The red-colored portion of the dendrogram at left
indicates a 1110-gene module exhibiting selective expression in GFP™ cells compared to both GFP~
cells and neural crest. Selected genes from this module are displayed at right and the complete list
is provided in File S2. (D) Transcript abundance (TPM) of selected mural cell-enriched transcripts.
Abundance data for all genes are provided in File S1. (E) Comparison of protein-coding transcript
abundances in GFP" cells and hPSC-derived brain pericyte-like cells (the same data described in
Fig. 1A) (43, 45, 46). Genes of interest are annotated in red (transcription factors) or blue (others).
Orange lines represent fold changes of +2. (F) Transcript abundance of selected genes from in vivo
human brain pericytes (41), hPSC-derived brain pericyte-like cells (43, 45, 46), and GFP" cells.
Bars indicate mean values. Data for in vivo human brain pericytes and hPSC-derived brain

pericyte-like cells are the same as shown in Fig. 1B. TPM: transcripts per million.
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Figure S7. Gene set enrichment analysis. Gene sets enriched in GFP" cells compared to neural
crest. GSEA enrichment plots for 6 gene sets of interest are shown. For each gene set, plots at left
display normalized expression of up to 20 genes listed as core enrichments for each gene set, in
order of GSEA rank. NES: normalized enrichment score. Complete GSEA results are provided in

File S2.
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Figure S8. Cord formation assays. (A) Monoculture (HUVEC) cord formation assay scoring
scheme. Example phase contrast images scored 0 (no cords apparent), 1 (few cords apparent, most
cells not associated with cords), 2 (many cords apparent, most cells associated with cords), and 3
(virtually all cells associated with cords). Scale bars: 500 um. (B) Coculture cord formation assay
with HUVECs, HUVECs and neural crest cells (+NC), HUVECs and GFP~ cells from a N3ICD-
GFP-transduced culture (5 days post-FACS; +GFP~), and HUVECs and GFP" cells from a N3ICD-

GFP-transduced culture (5 days post-FACS; +GFP*). Representative images (overlays of phase



contrast and GFP fluorescence) are shown from 24 h and 72 h after initiating assay, from a
differentiation of the IMR90-4 hPSC line. Scale bars: 200 um. (C) Coculture cord formation assay
with HUVECs only, GFP* cells from a N3ICD-GFP-transduced culture only, and HUVECs and
GFP" cells from a N3ICD-GFP-transduced culture (HUVEC + GFP"). GFP* cells were used 5
days post-FACS. HUVECs were prelabeled with VivoTrack680 dye (VT680). Representative
images (overlays of phase contrast, GFP fluorescence, and VT680 fluorescence) are shown from
24 h after initiating assay, from a differentiation of the H9 hPSC line. Scale bars: 500 pm. (D)
High-magnification images of aggregates from the HUVEC + GFP* condition as described above.

Scale bars: 100 pm.
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Figure S9. N3ICD-enriched peaks from Notch3 ChIP-seq. (A) Peak enrichment analysis of
N3ICD-GFP-transduced cells compared to GFP-transduced cells. Data are displayed in a MA plot.
N3ICD-enriched peaks (adjusted P-values < 0.05, DiffBind/DESeq2 Wald test with Benjamini-
Hochberg correction) are highlighted in green, and the numbers of enriched (Up) and non-

significant (ns) peaks are shown in the legend. Selected points are annotated with putative target



gene names. Complete results of peak enrichment analysis and peak annotation are provided in
File S3. (B) Genome browser plots for genes of interest. From top, tracks are: Notch3 ChIP-seq
signal from GFP-transduced cells (data from three differentiations), Notch ChIP-seq signal from
N3ICD-GFP-transduced cells (data from three differentiations), N3ICD-enriched peaks as
identified by DiffBind (purple bars), ATAC-seq signal from a human cortex endothelial/mural cell
cluster (66), endothelial/mural ATAC-seq peaks as identified by MACS (66), ENCODE cCREs
(red: promoter-like signature, orange: proximal enhancer-like signature, yellow: distal enhancer-

like signature) (67), and putative RBPJ binding sites from the JASPAR database (68).



Descriptions of Files S1 to S3

File S1. RNA-seq transcript abundance data. (A,B) RNA-seq data for hPSC-derived
neural crest, GFP~, and GFP* cells (this work, A) and hPSC-derived pericyte-like cells
(literature data, B). Abundances are provided in transcripts per million (TPM). (C)
Expression of protein-coding genes in mock bulk RNA-seq data from human brain
pericytes (derived from scRNA-seq data from 5 studies), and bulk RNA-seq data from
hPSC-derived brain pericyte-like cells (literature) and GFP* cells (this work) (see
Materials and Methods and Table S1).

File S2. RNA-seq differential expression and pathway enrichment analysis. (A,B)
Differential expression analysis comparing GFP* cells to neural crest (A) and GFP* cells
to GFP™ cells (B). For each gene, average expression (baseMean), log>(fold change), Wald
statistic, P-value (Wald test), and adjusted P-value (Benjamini-Hochberg correction)
derived from DESeq2 are shown. (C) List of genes in the 1110-gene module identified by
hierarchical clustering as enriched in GFP" cells compared to both neural crest and GFP~
cells (Fig. S6C). (D) Pathways identified by Gene Set Enrichment Analysis as enriched in
GFP" cells compared to neural crest. For each gene set, the database (KEGG or GO-BP),
normalized enrichment score (NES), and false discovery rate (FDR) are shown.

File S3. Notch3 ChIP-seq peaks. (A) Peaks called by MACS in each sample. (B) Peak

enrichment results and peak annotations.
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