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Figure S13 Data quality for the 19 RNA-seq profiles. A, Mapping rates vary 

90%~96%. B, the 19 profiles have ~ 80% of their reads uniquely map to the 

human genome. Samples prefixed with ‘CDS’ are in vivo human NP. 
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Figure S14 About three thousand differentially expressed genes (DEGs) were 

detected between the before and after differentiated samples, as shown in this 

volcano plot. Log2(FC)=log2(after-differentiation/before-differentiation). NPC: in 

vitro NPC differentiations; hESCs: the three stem cell lines. 
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C11orf88

LINC00518

NOG

LHFP

KREMEN1

ZNF703

DUSP5P1

CLDN5

CNTN2

PCDH9

OAF

SLIT3

MAML2

A3GALT2

POU3F2

PROS1

SOCS3

SLITRK6

TMEM173
RALYL

SEPT5

TUSC5

SORCS2
TMEM121

FLRT2

NOTUM

MAPK11

NR2F2

DLK1

LSAMP SHC4

SRL CCDC190

TRIM69

KLHDC8B

RTN4RL1

NKAIN3
GOLGA8R

CCDC30

FAM228A

AQP7P1

MYT1LMIR22HGFSCN2

MAPT

C1QL4

C3orf70

MITF

SLIT1

DCC

NANOS3

SAMD11

B3GLCTRP11-723O4.6

SLC18A3

PEAR1 DNER

RTP5 S100A3

ARL4C

WNT7B

NCR3LG1

HES4

AC092171.2 TCTEX1D4

CERKL

IER5L

INSC

CFAP77

CFAP54

DPYDHILS1SKOR1

RELN

APOD
PAX8-AS1

FAM150B
MYBPC1

PAX5

FAT4

SRGAP3

ELAVL3

MMP1HRH1
POU3F4

MVB12B

ADAM32

ADGRA1

DACT3

C5AR1
DIO3

ZNF624 MFAP5

MPEG1

PDCD1LG2

DNAH10

PARVA
S100A10

HOXC6

KLHDC1

RP1-253P7.4NRAP
DNM3

ELOVL2 LEKR1

MYL4

HOXC4
NTRK1

RD3

ZNF536

NCOA6

PPP1R14CZNF521

ALPK2

GRK5

POU3F3

CCDC167

TGM2

MIR219A1

RNA5SP78

RNA5SP37
RNA5SP283

VTRNA1-3RBMS3-AS2

SERTAD4-AS1

SAMD5

PLPP4

RBM20

LINC00632

LRRC73

LINC00963

TCEA3

COL5A2

RP11-219G17.4

SP5

LAYN

AC079586.1

FAM196B

FAM221BLRRC10B

PKHD1L1

VIT

CTXN3

ADGRG1

CFI

RP11-401P9.6

RP11-497E19.1

DENND6B
DPF3

ITPRIPL2

RP9P

GMNC

ONECUT3

C21orf62

DOK6

ANKUB1

CFAP44

MIR219A2

TRDCPDCL3P5

ANXA2P1
HBE1

ITGA1

SOGA3

LINC00488

RPL9P16

FER1L6

AC004540.5

AC025171.1
C5orf49

UBE2QL1

MIR99AHG

SIAH3

AC008060.7

RP1-177A13.1PKMP3 RP3-403A15.1MIR1262

EBF2

AC092675.3

BTBD19

AC112721.1

AC112721.2

LINC00152 RP5-1125N11.2

CSNK1A1P1

RP11-54O7.3
RP11-424D14.1

AP001469.5

AC068491.3
MIR181A2HG

DNAJC27-AS1 HAGLRLINC00403
RP3-326I13.1

RP11-503C24.6 RPL29P19
BEND3P2

RP11-123K19.1

RP5-1086K13.1

PGM5-AS1RP11-54O7.11

MIR137HG

RPS2P1

RP11-415J8.3

LHFPL3-AS2

RP11-764K9.1PCDH8P1

LINC00475

PTPRD-AS1

AC004540.4
AC007879.4

DKFZP434L187

RP4-575N6.4

PRICKLE2-AS3RP5-1070A16.1

GAS1RR
HAGLROS

MIR29A
ANKRD18DP

RP11-509J21.4
MIR217HGMEIS1-AS3RP11-278H7.1 AC003088.1

LINC00511

CH17-437K3.1

LINC00310

RP11-145A3.1

RP11-318C24.2

AC092675.4
AC108463.2

RNF144A-AS1

RP11-730A19.5

RP4-625H18.2

LINC01013

RP11-236F9.2

SPATA13

HCG22

AP000473.5

TRDD3
HYI-AS1

RP11-262H14.5

AJ006998.2

AC105053.3

LINC01204 MBNL1-AS1 LINC01159

EMX2OS

RP11-456H18.2 AP000221.1

MIR181A1HG

AC010974.3

AC108025.2

HOXB-AS1

AC092667.2 PROX1-AS1

AC108463.1

BASP1P1
RP11-318C24.1SRGAP2-AS1

LINC01614

STMND1

RP11-367G18.1
LINC00271

LINC01508

AF127577.11AC107072.2 AC009501.4

RP11-227H15.5

NEBL-AS1

ANXA2P2

LEF1-AS1

LINC01105

AC007392.3

GNG12-AS1

RP11-154D6.1

AC087163.2

TGFB2-AS1

MFAP1P1
CRB3P1MARK2P9 TNF

DUX4L50 CICP26

HOXB-AS3

LINC00702

LINC00472

RP11-318G21.4

HOTAIRM1

RP5-1172A22.1

LINC00460RP4-665J23.1

LINC01158

AC079779.6RP11-168K11.3
AC026904.1

RP1-122P22.2

KRTAP5-AS1RP11-56M3.1
RP11-315I20.1

CTBP2P8

CCDC188
RP11-1275H24.1

MAGI2-AS3

MCIDAS

LINC01239

AC068138.1

DNM1P51

TRAPPC13P1

AC097499.1
MXRA5YLINC00607ARHGEF7-AS2

RP11-460E7.8

RP11-626E13.1
CPB2-AS1

RBMS3-AS3

RP3-332B22.1

RP11-517P14.7
AC003092.1

RP11-85O21.2

ZNF503-AS2

CNTFR-AS1

NR2F1-AS1

HOXD-AS2

PRSS56

AC010980.2

AC002454.1

AC133680.1

LINC00674

NFIA-AS2 KCNQ1DNAP001046.5 ZEB2-AS1

LINC01625 LINC01410
RP11-245J24.1

NPM1P29

RP11-16F15.2
KLHL41

HOXB-AS2

RP11-71N10.1

CDKN2B-AS1
AQP1

PNMA2

HOXA11-AS

RP11-639B1.1

ADAMTS9-AS1

AC093620.5

ADAMTS9-AS2

PEG10 RP11-368I23.2

RGAG4 RP11-309L24.2

RP11-649A16.1

CFB

DUBR

RGAG1
RN7SL417P LINC01330

SCARF2

PTCHD4

IGFBP7-AS1

A2M-AS1
LINC00461

NEAT1RP11-175K6.1 LINC00682

BAALC-AS1

CTC-441N14.2

RP11-629G13.1

NR2F2-AS1

RP11-752D24.2
CTC-235G5.3RP11-455B3.1

RP11-739P1.2
CICP16

CTB-174D11.1

LUCAT1
RP11-597D13.9

LINC01197

RP11-319E12.1

OTX2-AS1

FLJ42969

HHIP-AS1 FMN1
CTB-113P19.1

C5orf66-AS1

ZNF436-AS1

LINC01088
GZMAP1

TNRC18P1

CARMNRP11-1336O20.2

DNAH10OS

RP11-143A12.3

RDH10-AS1

KIAA1456

RP11-159K7.2

CTC-467M3.3RP11-834C11.7 RP11-834C11.4

AE000661.37

ZFPM2-AS1

CTD-2532K18.2

SEPT14P4

HSPD1P11 LINC00958

RP11-319E12.2

FOXD1

RP11-197N18.7
CTD-2215E18.1

RP11-1G11.2 RP11-409C19.2 HOXA10
PCDHGB6

RP1-170O19.17 CTB-78F1.2RP11-150O12.6
HOXA-AS2

RP11-32K4.1 CTC-353G13.1

ZFHX4-AS1

LINC01289
RP11-723D22.3 RP11-419C23.1CTC-558O2.1

RP11-48B3.3RP11-120I21.2

CTB-12O2.1

RP11-17A4.2

MRPL9P1

HOXA-AS3

MIR124-2HG
RTL1

GLYATL1P2ATP5F1P5

MIR100HG

CTD-2530H12.4

RP3-403A15.5

AP000479.1

CTD-2530H12.8

AP000708.1

MIR9-3HG

RP11-444D3.1

RP11-366L20.3

ADGRA1-AS1

RP11-800A3.7

RP11-864I4.4

RP11-266O8.1

CLIP1-AS1

RP11-1016B18.1

RP11-44N21.1 LBX2-AS1

RP11-482D24.2

RP11-186F10.2
CASC18

RP11-482D24.3

RP11-314P15.2
RP1-228P16.3RP11-168L7.1

DIO3OS

BLZF2P

FAM181A-AS1

CTD-2298J14.2

BCL2L2-PABPN1
ENO1P2 LINC01579
RP11-696D21.2

TUBB3

LINC00524

RP11-488C13.6

ITGB3

LINC00928
GOLGA8VP

RP11-522B15.3

RP11-122D10.1

RP11-327J17.2

LINC01314

UBE2Q2L

LINC00052
CTD-2314G24.2

RP11-182J1.14

RP11-758N13.1

CSPG4P11

RP11-1069G10.2

RP11-327J17.1

LA16c-380A1.1

SH3RF3-AS1 RP11-525K10.3

RP11-401P9.1

RP1-239B22.5
RP11-588K22.2

RP11-401P9.5

RP11-48B3.4

LINC01043

RP11-521I2.3 RP5-912I13.1AC012531.25

RP11-449J10.1

RP11-366L5.1

RP11-531A24.3LINC00565
LINC01254

MKRN3-AS1

CTC-471C19.1

WFDC21P
RP11-68I18.10

RP11-524D16__A.3

RP11-429B14.4

RP11-244O19.1
LA16c-313D11.12

RP5-1042I8.7
SCRT1

AC144831.1

RP11-473M20.16
RP11-893F2.14

RP11-1055B8.3

C1orf186NOTCH2NL

RP11-958F21.1

RP11-349A8.3

RP11-672L10.2

RP11-789C17.1

RP11-60A24.3

RP11-419J16.1

RARA-AS1

BAHCC1

MIR3186

NBPF15

MIR4740

RP11-180P8.3

GDF10

RP11-449D8.5
CTB-70G10.1

LRRC37A16P

RP11-384O8.1

AC002398.13
RP11-1151B14.4

RP11-456K23.1RP11-108P20.2

CTD-2043I16.1RP11-53B2.1

LINC00907
AC009005.2

CTD-2619J13.16

CTD-3030D20.1

PLCE1-AS1

RP11-120K24.5CTD-2619J13.19

RP11-13J10.1

NBPF9

ARHGAP19-SLIT1

AP000654.4

RP11-214K3.21

RP11-218C14.8CTC-203F4.2

RP11-380L11.4

RP11-214K3.22

RP11-214K3.19

AP001172.2

RP11-529E10.7

AP000473.8

RP11-214K3.18

RP11-526I2.5

RP11-214K3.23

NBPF8 PFN1P2

RP11-420L9.5 RP11-261B23.2

RP11-54C4.2 RP11-346C20.3

RP11-1109F11.3

RP11-274B21.9MMP28
RP11-710C12.1RP11-326I11.4

RP11-181E10.3

LIX1L

RP1-79C4.4
CTD-2376I4.1

ANKRD34A

RP4-734G22.3

CTD-2376I4.2

RP11-22L13.1

RP11-346C20.4

RP11-43F13.4

RP11-54O7.17

RP11-399K21.14

RP11-342I1.2KB-208E9.1 LL21NC02-1C16.2RP11-385F5.5

RP11-1275H24.3

RP11-416N2.4 RP11-307N16.6

RP11-102N12.3

RP11-236L14.2

HIST1H2BG

RP11-272L14.2

RP11-1151B14.5

AC144831.3
RP11-1055B8.10

RP5-999L4.2RP11-54H7.4

RP11-262A16.1

RP11-759A24.3

RP11-455O6.9

FLJ16779

RP11-94C24.13

CTD-2033D15.2
BX255923.3

RAB7B

DACH1

RP11-327J17.9
RP11-622C24.2

LLNLF-187D8.1

NEFL

CH17-13I23.3

FP325317.1

RP5-1054A22.4

CTB-58E17.1RP11-162A12.4

AC000403.4

RP11-147L13.11

RP11-229O3.1

RP11-65F13.3

RP11-401P9.7
CTD-2267D19.1

RP11-139H14.5

RP11-399B17.1

RP11-762L8.6

RP11-517I3.2 RP11-205K6.3
RP1-199J3.6

RP11-803D5.1
RP11-175K6.2 LA16c-380A1.2

AC000123.3 RP11-736E3.3RP3-331H24.6

RP3-331H24.7

AF127577.13

RP11-382B18.1

RP11-314P15.1
RP11-4L24.4

AC002044.1

RP11-759A24.1

RP11-454H19.2

AP000280.66

RP11-1055B8.1

RP11-5O23.2

RP1-102K2.9 CTB-105N12.2

RP11-513O13.1
RP11-472K17.3

CTD-2001J20.1

AP000892.6RP11-470C13.4

RP5-1007F24.1

RP11-759A24.2

CTD-2561B21.8

AP000962.1

RP11-437J2.4

RP11-437J2.3

AC133644.2

MIR325HG

AF127936.7

RP4-621F18.2

RP11-96L14.8

RP1-273N12.4

HYMAI

RP5-912I13.2
RP11-403F21.4

RP11-636O21.2

ICA1 CASP10

SLC7A2

SLC4A1

PRSS22

ITGAL

YBX2

TTC22

CCL26

MATK

SCN4A

FMO3

JARID2

AASS

MGST1

MMP25

MLXIPL

HHATLSTAB1

BTK

ANOS1

SYT7

CD22

ACPP
DPEP1

IL20RA

CYP3A43

CDH1

JADE2

LCP2

EPN3

NFE2L3

PRSS8

KCNQ1

ENTPD2

LY75

MCOLN3

GNA15

CDH3

CA11

FAR2 BCAS1

PRKCQ

TLE2SPI1

KIF26A

RASGRP2 PYGM

GAL

GUCY2C

SLC44A1

TESK2

EPHA8

TRPC5

LLGL2

ST6GAL1
PPP2R2C

SNCB

ATP2A3

FGF4

MOCOS

ATP12A

TPD52

ICAM3STXBP2

NMRK2

CTTNBP2

BRINP1CEACAM1

DUSP13

DDX43

KCNN2

PKP1

IL12RB2

GRHL2

P2RX5

SLCO1A2

SEPHS1

MYBPC2

TMPRSS11E
GP6

DNMT3B

SLC4A11

F11

KIZ

TESC

NOS1

FXYD5
ARHGAP4

ANKRD24

CD209

SLC7A8

DAZL

SEMA6A

UNC13D

GABRP
EPB41L4B

TDRD1

TPSD1

SMIM24

ITPR3

KCNK6

MADCAM1

GSTT2

GGT1

CRYBB1

APOBEC3H

RASD2

PNPLA5

CACNA1I

PVALB

ISM2CHGA

PAPLN
SALL4

HRH3

SLCO4A1
SLC52A3

ANGPT4

RSPO4

PROKR2

FERMT1

CCM2L

HCK

SAMHD1 SLC32A1

EPPIN

TNNC2

RNF125
PIM2

ACP5

FLT1

HAS3

ESRP2

FA2H

SEC14L5

CRYM

SALL1

PYCARD

ACSBG1

SCG3

RHOV

SFRP1

JPH1

ESRP1

TULP2

KLC3

FCER2

TNNT1

RASAL3

EPHX3

CLC

TJP3
SIGLEC6

FAM83E

FGF21
LILRB5

SLC5A5

ARRDC2
PDE4C

UPK1A ATP4A

MAG

LSR

HPN

ATP6V0A4

VIPR2

COBLGHRHR

MOGAT3

C1GALT1

LHX6

AMBP

SH3GL2

LHPP

P2RX1

DHX58

ABCC3

FAM20A

CPZ

DDX25

CTSC

CCKBR

FOLR1

CALCA

PTPN5

GLI1

TRPV4

SCNN1A

RASAL1

PTPN6

NANOG

PHC1
GCNT2

GLP1R

TREML2

AIM1

ARFGEF3

UNC93A

PRPH2

SLC29A1

ENPP5

PRSS16

CDH9

THBS4

BTNL8

POLR3G

SLC27A6

HRH2

VIPR1

STEAP3

TFCP2L1

POMC

SLC30A3

GALNT3

GNLY

TPO

CEBPZ

TPSG1
AGMAT

NR5A2

CD48

ACTL8

IGSF21

CDK18

CR2

ARTN

MROH9

IRF6

PLPPR5

SLC8A2

TRPM6

TJP2

BSPRY

EPCAM

SFRP5

EQTN

TEX11

TNFSF11

TNFRSF8

ECHDC2

BCL2L14

DPPA4
CPXM2

TMEM54

FLT3

WIPF3

RAMP3

NECAB1

ACVR1CMOGAT1

FAM124B

CTCFL

MATN4
RBPJL

SEMG1

CHST8

XG

PAIP2B

IL17C

GRM4

PACSIN1

COL21A1
CPNE5

KCNK17

RAB17

SRMS

C3

SH2D3A

OVOL2

BFSP1

TCF15

MMP24

PRRG2

TSKS

STAT5A
CRYGN

ADGRE2

TUBA4A

VIL1

GNGT1

SPINK2

KDR

VPREB3

A4GALT

GALR3

APOBEC3F

PODXL

ARHGAP22

CGNL1

AIPL1

AP1M2

KLK10

KLK8TNNI3

ZSCAN10

APOE

APOC1

BST2

USHBP1

UNC13A

HRC

CRB3

RBBP8NL

ASS1

FIBCD1

NPAS1

SMPDL3B

THEMIS2

PYY

TEX101

IDO1

RAB11FIP4

GFPT2AOC3

TNS4

PPP1R1B

LIN28A

HHLA1
RAP1GAP2

ITGB4

RHBG

BCAN

RAB25

TESMIN
ATP8A2

CHRM3

RNF128

LGALS12
RARRES3

FAM83F

CATSPERB

VRTN

SYT6
ERN2

MTNR1B

HOOK1

CLDN10

FAM189A2

BICDL1

FAM71F1

PRRG4

GLS2

MAP7

DYSF

KCNK1

SLC19A3

USP44

LECT1

MMD2

GH2

TMOD1

KIF12

CTSV

SIT1

SLC22A7

CAPN11

IRF4

FHDC1
SORL1

POU2F3

TMPRSS13

PAQR5

PAK6

BRDT

GIPC2TRIM54CUZD1

HCN4

HERC6

HERC5

GPAT3

FGF2

PARVG

B4GALNT3

TMEM132BRDH16

GALNT6

GRTP1 SSTR1RDH12
SERPINA10

SLC27A2

CYP11A1

GOLGA6D

HAPLN3MFGE8

MARVELD3

CHST4

ADAD2
RPL3L

TAF4B

SLC14A1

ZMYND15

PIK3R5

TNFRSF11A

PMAIP1

GRB7

STAC2

PLPP2

VAV1

DNMT3L

CBLC

NLRP12

PADI3 PADI1

ARHGEF19

CNKSR1

C1orf94

FCN3
TINAGL1

CD53

XCL1

FCRL5

RORC

CGNVASH2

SUSD4PKLR

RP5-862P8.2

C1QL2 CPNE9

FAM198A

ALDH1L1

ILDR1

MUC4UGT3A1

FAM159B

TSLP

ADAMTS19

PLA2G7

FGD2

CRIP3

VWDE

TRIM50

EPHA1

NLGN4X

RAB19

HTR2C

IGSF1

FATE1

PRDM14

TERF1

MAL2

NR6A1

LCN2

HMCN2

ST8SIA6

HTR7

SLC5A12

SLC43A1

ST14

MPZL2

GPHA2

FAM124A

FREM2

CACNA2D4

THRB

MAT1A

KCTD14

VENTX

RABGAP1L
GRID2

ARL11

RIT2 BOLL
MEPE

SLC16A12

MARVELD2

JAKMIP1

ACOXL

C16orf89

MCOLN2

CHST9

THY1

C16orf74

JPH3

TDHGPR26

FGD5

PROM2

GPR78

PPM1J

SLC16A1
FZD7

DEPTOR

SLC24A2

GNA14

PCDH1

NODAL

LHFPL4

B3GNT7

RBPMS

STEAP2

SUSD3

SVOPL

CABP1

KRTCAP3

DUSP2

GALNT14

ESYT3

HTR6

ITLN2

F11R

CDA

WFDC8

LAD1

GOLGA6A

ARHGAP27

PADI4

M1AP

ADGRG5

ACE

ANKRD18CP

ZFYVE28

CARMIL2

LYPD5TMPRSS3

ICOSLG

COX6B2

JAML

AZGP1

FGFR4

FOXH1

DMKN

ALOX15

CXCL16

PRR35

BICDL2

BSND

AK4

TMEM82

DHRS3

TMCO4

ALPL

CCDC27

CAPN13

PRORSD1P

FBXO41

VSNL1

XIRP2

BNIPL

FZD5

ALPP

ALPPL2

NIPAL1

DPPA2

SERPINI1

CDS1

HESX1

RBM47

PF4

LRRC2

ZDHHC19

CLDN19

CAMKV

MST1R

NPY1R

FAM160A1

ELOVL7

SCGB3A2

TLR3

KLKB1

TERT

HCN1
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Figure S10 Go term and pathway enrichment analyses show matrisome (the genes 

of ECMs), and its regulators among the top most significant terms, for the 1691 

genes up-regulated in our NPC differentiation. Size of circle indicates –log10(p). 

Complete list of significant terms and respective overlapping genes can be found 

in supplementary file g. 
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Figure S15, differentiated products of the three stem cell lines have similar 

responses and up-regulated genes. A, this Venn-diagram shows that 87.8% (1486 

out of 1691) of the DEGs up in the NPC differentiations are not varying among 

the different lines. The lines do have a few hundred DEGs, but B-D show that 

these genes are only differences in the before differentiation lines. 
 

A       B 

     

C       D 
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Figure S6, Core matrisome genes that are strongly (log2(fold-change)>2) and 

significantly (FDR<0.05) highly expressed in our NPC differentiations. Blue: 

lowly expressed, white: middle, red: highly expressed. Gene-wise standardization 

performed as in Figure 3A,G. 
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Figure S7, Core matrisome genes that are significantly highly (FDR<0.05) but 

less strongly (log2(fold-change)>0 and <2) expressed in our NPC differentiations. 
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Figure S8, non-Core matrisome genes that are strongly (log2(fold-change)>2) and 

significantly (FDR<0.05) highly expressed in our NPC differentiations. Color-

codes same as Figure S7. 
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Figure S9, non-Core matrisome genes that are significantly highly (FDR<0.05) 

but less strongly (log2(fold-change)>0 and <2) expressed in our NPC 

differentiations. 
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Figure S11, cross-comparisons of in vitro NPCs with an in-house set of four 

adolescent or young in vivo NP. Similarity was measure based on genome-wide 

Pearson correlation coefficients.  
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Figure S12, A, cross-comparisons of in vitro NPC differentiations with a set of 

three ‘healthy’ NP samples in a published data (microarray, see Methods). The 

three individuals are 20~30 years older than the first in vivo data used for cross-

comparisons (Figure 3B-F; Methods). Similarity was measure based on genome-

wide Pearson correlation coefficients. The Student’s t-test p-value is 8.4×10-13. 
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Figure S4, Stem cell markers POU5F1(Oct-4), SOX2 and NANOG were 

significantly down-regulated in the NPC differentiations. Samples prefixed with 

‘CDS’ are in vivo human NP. Log2FC refers to log2(in vitro NPC)-log2(hESC or 

iPSC). 
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Figure S5, Down-stream targets of Tgf-β pathway, ID1/2/3/4, PITX2, CDKN2B, 

significantly up-regulated in the NPC differentiations. Log2FC refers to log2(in 

vitro NPC)-log2(hESC or iPSC). FDR represents the statistical significance 

between the first three hESC/iPSC samples, and the remaining in vitro 

differentiations. 

  

E
9

E
S

3

Im
R

9
0

E
3
-N

P
C

-r
e
p
1

E
3
-N

P
C

-r
e
p
2

E
3
-N

P
C

-r
e
p
3

E
3
-N

P
C

-r
e
p
4

E
9
-N

P
C

-r
e
p
1

E
9
-N

P
C

-r
e
p
2

E
9
-N

P
C

-r
e
p
3

E
9
-N

P
C

-r
e
p
4

Im
R

9
0
-N

P
C

-r
e
p
1

Im
R

9
0
-N

P
C

-r
e
p
2

Im
R

9
0
-N

P
C

-r
e
p
3

Im
R

9
0
-N

P
C

-r
e
p
4

RUNX1

F
P

K
M

0
1
2
3
4
5
6

FDR: 1e-28

Log2FC: 4.8

E
9

E
S

3

Im
R

9
0

E
3
-N

P
C

-r
e
p
1

E
3
-N

P
C

-r
e
p
2

E
3
-N

P
C

-r
e
p
3

E
3
-N

P
C

-r
e
p
4

E
9
-N

P
C

-r
e
p
1

E
9
-N

P
C

-r
e
p
2

E
9
-N

P
C

-r
e
p
3

E
9
-N

P
C

-r
e
p
4

Im
R

9
0
-N

P
C

-r
e
p
1

Im
R

9
0
-N

P
C

-r
e
p
2

Im
R

9
0
-N

P
C

-r
e
p
3

Im
R

9
0
-N

P
C

-r
e
p
4

RUNX2

F
P

K
M

0.0

0.5

1.0

1.5

2.0

2.5
FDR: 6.8e-08

Log2FC: 2.7

E
9

E
S

3

Im
R

9
0

E
3
-N

P
C

-r
e
p
1

E
3
-N

P
C

-r
e
p
2

E
3
-N

P
C

-r
e
p
3

E
3
-N

P
C

-r
e
p
4

E
9
-N

P
C

-r
e
p
1

E
9
-N

P
C

-r
e
p
2

E
9
-N

P
C

-r
e
p
3

E
9
-N

P
C

-r
e
p
4

Im
R

9
0
-N

P
C

-r
e
p
1

Im
R

9
0
-N

P
C

-r
e
p
2

Im
R

9
0
-N

P
C

-r
e
p
3

Im
R

9
0
-N

P
C

-r
e
p
4

ID1

F
P

K
M

0
50

100
150
200
250
300
350

FDR: 0.048
Log2FC: 2

E
9

E
S

3

Im
R

9
0

E
3
-N

P
C

-r
e
p
1

E
3
-N

P
C

-r
e
p
2

E
3
-N

P
C

-r
e
p
3

E
3
-N

P
C

-r
e
p
4

E
9
-N

P
C

-r
e
p
1

E
9
-N

P
C

-r
e
p
2

E
9
-N

P
C

-r
e
p
3

E
9
-N

P
C

-r
e
p
4

Im
R

9
0
-N

P
C

-r
e
p
1

Im
R

9
0
-N

P
C

-r
e
p
2

Im
R

9
0
-N

P
C

-r
e
p
3

Im
R

9
0
-N

P
C

-r
e
p
4

ID2
F

P
K

M

0

50

100

150
FDR: 6.5e-12
Log2FC: 2.6

E
9

E
S

3

Im
R

9
0

E
3
-N

P
C

-r
e
p
1

E
3
-N

P
C

-r
e
p
2

E
3
-N

P
C

-r
e
p
3

E
3
-N

P
C

-r
e
p
4

E
9
-N

P
C

-r
e
p
1

E
9
-N

P
C

-r
e
p
2

E
9
-N

P
C

-r
e
p
3

E
9
-N

P
C

-r
e
p
4

Im
R

9
0
-N

P
C

-r
e
p
1

Im
R

9
0
-N

P
C

-r
e
p
2

Im
R

9
0
-N

P
C

-r
e
p
3

Im
R

9
0
-N

P
C

-r
e
p
4

ID3

F
P

K
M

0

50

100

150
FDR: 4e-05

Log2FC: 1.6

E
9

E
S

3

Im
R

9
0

E
3
-N

P
C

-r
e
p
1

E
3
-N

P
C

-r
e
p
2

E
3
-N

P
C

-r
e
p
3

E
3
-N

P
C

-r
e
p
4

E
9
-N

P
C

-r
e
p
1

E
9
-N

P
C

-r
e
p
2

E
9
-N

P
C

-r
e
p
3

E
9
-N

P
C

-r
e
p
4

Im
R

9
0
-N

P
C

-r
e
p
1

Im
R

9
0
-N

P
C

-r
e
p
2

Im
R

9
0
-N

P
C

-r
e
p
3

Im
R

9
0
-N

P
C

-r
e
p
4

ID4

F
P

K
M

0
5

10
15
20
25
30

FDR: 0.0011

Log2FC: 2.3

E
9

E
S

3

Im
R

9
0

E
3
-N

P
C

-r
e
p
1

E
3
-N

P
C

-r
e
p
2

E
3
-N

P
C

-r
e
p
3

E
3
-N

P
C

-r
e
p
4

E
9
-N

P
C

-r
e
p
1

E
9
-N

P
C

-r
e
p
2

E
9
-N

P
C

-r
e
p
3

E
9
-N

P
C

-r
e
p
4

Im
R

9
0
-N

P
C

-r
e
p
1

Im
R

9
0
-N

P
C

-r
e
p
2

Im
R

9
0
-N

P
C

-r
e
p
3

Im
R

9
0
-N

P
C

-r
e
p
4

PITX2

F
P

K
M

0

10

20

30

40
FDR: 2.4e-09

Log2FC: 5.8

E
9

E
S

3

Im
R

9
0

E
3
-N

P
C

-r
e
p
1

E
3
-N

P
C

-r
e
p
2

E
3
-N

P
C

-r
e
p
3

E
3
-N

P
C

-r
e
p
4

E
9
-N

P
C

-r
e
p
1

E
9
-N

P
C

-r
e
p
2

E
9
-N

P
C

-r
e
p
3

E
9
-N

P
C

-r
e
p
4

Im
R

9
0
-N

P
C

-r
e
p
1

Im
R

9
0
-N

P
C

-r
e
p
2

Im
R

9
0
-N

P
C

-r
e
p
3

Im
R

9
0
-N

P
C

-r
e
p
4

CDKN2B

F
P

K
M

0

10

20

30

40

50

60 FDR: 2.6e-06

Log2FC: 8



15 
 

Figure S1, A panel of reported markers were up-regulated in NP differentiations. 

Log2FC refers to log2(in vitro NPC)-log2(hESC or iPSC). FDR represents the 

statistical significance between the first three hESC/iPSC samples, and the 

remaining in vitro differentiations. 
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Figure S2, Profiles of additional reported markers or key genes in NP 

differentiations and hESC/iPSCs. Log2FC refers to log2(in vitro NPC)-log2(hESC 

or iPSC). FDR represents the statistical significance between the first three 

hESC/iPSC samples, and the remaining in vitro differentiations. 
. 
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Figure S3, Profiles of additional reported markers or key genes in NP 

differentiations and hESC/iPSCs. Log2FC refers to log2(in vitro NPC)-log2(hESC 

or iPSC). FDR represents the statistical significance between the first three 

hESC/iPSC samples, and the remaining in vitro differentiations. 

 

 

 

CLEC3A

F
P

K
M

0
.0

1
.5

E
S3 E

9

Im
R
90

E
3-

N
P
C
-re

p1

E
3-

N
P
C
-re

p2

E
3-

N
P
C
-re

p3

E
3-

N
P
C
-re

p4

E
9-

N
P
C
-re

p1

E
9-

N
P
C
-re

p2

E
9-

N
P
C
-re

p3

E
9-

N
P
C
-re

p4

Im
R
90

-N
P
C
-re

p1

Im
R
90

-N
P
C
-re

p2

Im
R
90

-N
P
C
-re

p3

Im
R
90

-N
P
C
-re

p4

FDR:0.746

Log2FC:3.34

PRG4

F
P

K
M

0
.0

0
0

0
.0

2
0

E
S3 E

9

Im
R
90

E
3-

N
P
C
-re

p1

E
3-

N
P
C
-re

p2

E
3-

N
P
C
-re

p3

E
3-

N
P
C
-re

p4

E
9-

N
P
C
-re

p1

E
9-

N
P
C
-re

p2

E
9-

N
P
C
-re

p3

E
9-

N
P
C
-re

p4

Im
R
90

-N
P
C
-re

p1

Im
R
90

-N
P
C
-re

p2

Im
R
90

-N
P
C
-re

p3

Im
R
90

-N
P
C
-re

p4

FDR:1
Log2FC:0.0636

BASP1

F
P

K
M

0
6
0

E
S3 E

9

Im
R
90

E
3-

N
P
C
-re

p1

E
3-

N
P
C
-re

p2

E
3-

N
P
C
-re

p3

E
3-

N
P
C
-re

p4

E
9-

N
P
C
-re

p1

E
9-

N
P
C
-re

p2

E
9-

N
P
C
-re

p3

E
9-

N
P
C
-re

p4

Im
R
90

-N
P
C
-re

p1

Im
R
90

-N
P
C
-re

p2

Im
R
90

-N
P
C
-re

p3

Im
R
90

-N
P
C
-re

p4

FDR:0.251

Log2FC:0.637

NRP1

F
P

K
M

0
1
0

2
5

E
S3 E

9

Im
R
90

E
3-

N
P
C
-re

p1

E
3-

N
P
C
-re

p2

E
3-

N
P
C
-re

p3

E
3-

N
P
C
-re

p4

E
9-

N
P
C
-re

p1

E
9-

N
P
C
-re

p2

E
9-

N
P
C
-re

p3

E
9-

N
P
C
-re

p4

Im
R
90

-N
P
C
-re

p1

Im
R
90

-N
P
C
-re

p2

Im
R
90

-N
P
C
-re

p3

Im
R
90

-N
P
C
-re

p4

FDR:0.000155

Log2FC:3.14

PVR

F
P

K
M

0
5

1
5

E
S3 E

9

Im
R
90

E
3-

N
P
C
-re

p1

E
3-

N
P
C
-re

p2

E
3-

N
P
C
-re

p3

E
3-

N
P
C
-re

p4

E
9-

N
P
C
-re

p1

E
9-

N
P
C
-re

p2

E
9-

N
P
C
-re

p3

E
9-

N
P
C
-re

p4

Im
R
90

-N
P
C
-re

p1

Im
R
90

-N
P
C
-re

p2

Im
R
90

-N
P
C
-re

p3

Im
R
90

-N
P
C
-re

p4

FDR:0.894

Log2FC:0.287

GPC3

F
P

K
M

0
1
0
0

E
S3 E

9

Im
R
90

E
3-

N
P
C
-re

p1

E
3-

N
P
C
-re

p2

E
3-

N
P
C
-re

p3

E
3-

N
P
C
-re

p4

E
9-

N
P
C
-re

p1

E
9-

N
P
C
-re

p2

E
9-

N
P
C
-re

p3

E
9-

N
P
C
-re

p4

Im
R
90

-N
P
C
-re

p1

Im
R
90

-N
P
C
-re

p2

Im
R
90

-N
P
C
-re

p3

Im
R
90

-N
P
C
-re

p4

FDR:1

Log2FC:0.255

DSC2

F
P

K
M

0
1
0

E
S3 E

9

Im
R
90

E
3-

N
P
C
-re

p1

E
3-

N
P
C
-re

p2

E
3-

N
P
C
-re

p3

E
3-

N
P
C
-re

p4

E
9-

N
P
C
-re

p1

E
9-

N
P
C
-re

p2

E
9-

N
P
C
-re

p3

E
9-

N
P
C
-re

p4

Im
R
90

-N
P
C
-re

p1

Im
R
90

-N
P
C
-re

p2

Im
R
90

-N
P
C
-re

p3

Im
R
90

-N
P
C
-re

p4

FDR:0.966
Log2FC:-0.228

A2M

F
P

K
M

0
2
0

4
0

E
S3 E

9

Im
R
90

E
3-

N
P
C
-re

p1

E
3-

N
P
C
-re

p2

E
3-

N
P
C
-re

p3

E
3-

N
P
C
-re

p4

E
9-

N
P
C
-re

p1

E
9-

N
P
C
-re

p2

E
9-

N
P
C
-re

p3

E
9-

N
P
C
-re

p4

Im
R
90

-N
P
C
-re

p1

Im
R
90

-N
P
C
-re

p2

Im
R
90

-N
P
C
-re

p3

Im
R
90

-N
P
C
-re

p4

FDR:2.17e-05

Log2FC:7.38

FOXA2

F
P

K
M

0
.0

0
.4

0
.8

E
S3 E

9

Im
R
90

E
3-

N
P
C
-re

p1

E
3-

N
P
C
-re

p2

E
3-

N
P
C
-re

p3

E
3-

N
P
C
-re

p4

E
9-

N
P
C
-re

p1

E
9-

N
P
C
-re

p2

E
9-

N
P
C
-re

p3

E
9-

N
P
C
-re

p4

Im
R
90

-N
P
C
-re

p1

Im
R
90

-N
P
C
-re

p2

Im
R
90

-N
P
C
-re

p3

Im
R
90

-N
P
C
-re

p4

FDR:0.988

Log2FC:1.07

FOXA1

F
P

K
M

0
.0

1
.0

E
S3 E

9

Im
R
90

E
3-

N
P
C
-re

p1

E
3-

N
P
C
-re

p2

E
3-

N
P
C
-re

p3

E
3-

N
P
C
-re

p4

E
9-

N
P
C
-re

p1

E
9-

N
P
C
-re

p2

E
9-

N
P
C
-re

p3

E
9-

N
P
C
-re

p4

Im
R
90

-N
P
C
-re

p1

Im
R
90

-N
P
C
-re

p2

Im
R
90

-N
P
C
-re

p3

Im
R
90

-N
P
C
-re

p4

FDR:0.59

Log2FC:1.93


