
 
Fig. S2 Molecular and spatial characterization of distinct neural progenitor cells. a The 

expression profiles of well-known genes, used to classify diverse neural progenitors and neurons 

in distinct neuronal lineages, are depicted through a UMAP visualization. Each dot represents a 

single cell, colored based on expression level (red for high, gray for low). b Immunostaining results 

for LHX1 and CRABP1, as well as SLIT3 and CHAT, are presented. c Immunostaining results for 

MSX2MSX1

LHX9LHX2 BARHL1

GDF7dp1

dI1

OLIG3 BMPR1B

FOXD3 POU4F1 LHX1

BMPR1Adp2

dI2

LHX5 PAX2

DRGX

EN1

PTF1APAX7 ASCL1 LBX1

TLX3

PAX3

LMX1B

PAX8

dp3-6 dI3 dI5 dI4 dI6 NKX6-1 OLIG2

MNX1 ISL2 ISL1

NEUROG2 NKX6-2

SLC18A3

NKX2-2

p0/1 PAX6 NEUROG1 PRDM12 DBX2

V0 V1 EVX2 FOXP2

pMN

MN

p2/3 NEUROG3 NKX2-8 V2a V2b V3 GATA3 GATA2 VSX2 SIM1

VZ

MZ

ISL2

ISL2
ONECUT2
VSX2
SHOX2
SOX11
FOXP1
NR2F2
NKX6-1
BCL11B
ONECUT1
MNX1
SOX4

ARX
DMRTA1
SOX6
KLF9
GATA6
FOXJ1
SOX15
NFIA
NKX2-2

HEY2
PRDM8
MYBL2
TCF7L1
CENPB
HMGB3
ETS1

NEUROG2
REST
TCF7L2

MBNL2

ZIC2
ID1
ZIC1
NEUROG1
EBF1
ATOH1
SNAI2
SOX15
BARHL2

1

2

3
4

1

2

3

4

dorsal

ventral

ATOH1 OLIG3 ZIC2 PAX3

PAX7 ZIC4 PTF1A GSX1

FOXA2NKX2-8NKX2-2NKX6-1

PAX6PRDM8DBX1GSX2

1

2

3 4

1

2

3

4

GW8 GW9 GW11 GW15

a

d

c

g

F

scRNA-seq
TF-seq FISH

TF-seq FISH

dp2
dp1

pMN
p0/1

p2/3dp3-6

scRNA-seq

nC
ou

nt
 R

N
A 4000

2000

500

0

7 8 9 10 11 12 13 15 16 17 18 19 20 22

LHX2/CRABP1/DAPI

GW22

GW11

SLIT3/CHAT/DAPI

23 24 25

7 8 9 10 11 12 13 15 16 17 18 19 20 22 23 24 25

nF
ea

tu
re

 R
N

A

250

0

b

e

f

**** **** **** **** **** **** **** ** **** **** **** **** n.s. ****n.s. n.s.

**** **** **** **** **** **** **** **** **** **** **** *** ****n.s. n.s. n.s.

NEUN/SOX2/DAPI



SOX2 and NeuN at different gestational stages are displayed. d The RNA levels in NPCs across 

distinct gestational stages are visualized by boxplot. The RNA levels at distinct stages are 

compared with that of GW8. n.s., not significant; ****, p value < 0.0001. e A coronal section of a 

human spinal cord at GW8 was subjected to TF-seqFISH and stained with DAPI. The VZ region, 

gray matter, and central canal were outlined by yellow dotted lines. Four areas of interest, denoted 

by red boxes, were magnified and visualized with each mRNA spot detected represented by a dot. 

f  Visualization of integrated neural progenitor cell dataset from scRNA-seq and TF-seqFISH using 

UMAP. Each dot represents a single cell, color-coded according to its data source or NPC cell 

type. g The spatial expression profiles of transcription factors in a GW8 human spinal cord slice 

are presented, with each dot representing an individual cell colored according to the expression 

level (red for high, gray for low). The VZ is delineated by dotted lines for reference. 

 


