
75
-80

96
-10

0

11
6-1

20

13
6-1

40

17
1-1

80

21
1-2

20

25
1-3

00

45
1-5

00

70
1-8

00

10
01

-20
00

30
01

-40
00

0
5

10
15
20
25
30
35
40

# junction spanning reads

# 
ci

rc
R

N
As

ciR
S-7

cir
cF

AT3, 
cir

cR
MST

linFAT3
linRMST

A B

C

D

0 4 11
0.1

1

10

100

1000

cNPCs DIV

1

10

100

0 4 11
rNPCs DIV

Li
ne

ar
 ju

nc
tio

n 
re

ad
s

Li
ne

ar
 ju

nc
tio

n 
re

ad
s

1

10

100

1000

rNPCs DIV

BS
J 

re
ad

s

0 4 11

circFAT3 
ciRS-7
circRMST

1

10

100

1000

10000

cNPCs DIV

BS
J 

re
ad

s

0 4 11

−0.2

0.0

0.2

0.4

0.22 0.24 0.26 0.28 0.30

PC1

P
C

2

Groups
cNPCs (DIV 11)
cNPCs (DIV 4)
H9 hESCs
rNPCs (DIV 11)
rNPCs (DIV 4)

Figure S1



BSJ

circRNA

cNPCs: FAT3 expression

DIV

/G
AP

D
H

CTRL

circFAT3 KD

p=0.4233

p=0.2189

A B C

E D

0 11 0 11 0 11
0.0

0.5

1.0

DIV

Fo
ld

 C
ha

ng
e/

C
TR

L 

cNPCs: circRNA expression

***
**

** *

*
*

ciR
S-

7 
ex

pr
es

sio
n

cir
cF

AT
3 

ex
pr

es
sio

n

cir
cR

M
ST

 
ex

pr
es

sio
n

0 11 0 11 0 11
0.0

0.5

1.0

DIV

Fo
ld

 C
ha

ng
e/

C
TR

L 

rNPCs: circRNA expression

ciRS-7 KD
circFAT3 KD
circRMST KD

*

***

**

**

** *

ciR
S-

7 
ex

pr
es

sio
n

cir
cF

AT
3 

ex
pr

es
sio

n

cir
cR

M
ST

 
ex

pr
es

sio
n

22nt

hsa-miR-15b22nt

5’3’

F

0 11
0

20

40

60

DIV

/G
AP

D
H

rNPCs: FAT3 expression

p=0.1944

p=0.5611

0 11
0

1

2

3

4

5

0 11
0

200

400

600

800

DIV

N
or

m
al

iz
ed

 c
ou

nt
s

cNPCs: RMST expression

CTRL
circRMST KD

p=0.5767

p=0.2863

AGO2 
cut site

Figure S2

ciRS-7 KD
circFAT3 KD
circRMST KD

5’
A

G
T

A

G

G
A

C

T

C
T

A

G
A

G

T

A
A G

T

A

A

A

T
C

T

C

G

A

G

T
C

C
T

A
C

T
A

3’

A

C

 ag
os

hR
NA- c

iR
S-7

ag
os

hR
NA- c

irc
FA

T3

ag
os

hR
NA- c

irc
RMST

0 8DIV

/G
AP

D
H

SH-SY5Y cells: PRDX6 expression

CTRL
circRMST KD

p = 0.0552

G

ciRS−7
187

circFAT3
220

52

H

m
at

ur
e 

gu
id

e 
st

ra
nd

 R
N

A

0.0

0.1

0.2

0.3

0.4

0.5



B

C D

E

cN
PCs−

1

cN
PCs−

2

cN
PCs−

3

hE
SCs−

2

hE
SCs−

1

hE
SCs−

3

rN
PCs−

3

rN
PCs−

1

rN
PCs−

2
hsa−miR−577
hsa−miR−199b−5p
hsa−miR−199a/b−3p
hsa−miR−199a−5p
hsa−miR−214−3p
hsa−miR−219a−2−3p
hsa−miR−196a−5p
hsa−miR−10b−5p
hsa−miR−196b−5p
hsa−miR−10a−5p
hsa−miR−615−3p
hsa−miR−302a−3p
hsa−miR−302b−3p
hsa−miR−302c−3p
hsa−miR−302a−5p
hsa−miR−367−3p
hsa−miR−4284
hsa−miR−190a−5p
hsa−miR−1298−5p
hsa−miR−543
hsa−miR−579−3p
hsa−miR−376c−3p
hsa−miR−489−3p
hsa−miR−323a−3p
hsa−miR−382−5p
hsa−miR−487b−3p
hsa−miR−1247−5p
hsa−miR−876−3p
hsa−miR−204−5p
hsa−miR−376a−3p

−3 −2 −1 0 1 2 3

mean z-score

F

Figure S3

100 101 102 103 104 105
-10

-5

0

5

10

AverageExpression

lo
g2

Fo
ld

C
ha

ng
e

ciRS-7 KD: rNPCs

hsa-miR-219a-1-3p
hsa-miR-92a-1-5p

NS

p.adj < 0.05 & |log2FC| > 1

p-value < 0.05 
p-value < 0.05 & |log2FC| > 1

100 101 102 103 104 105

-5

0

5

AverageExpression

lo
g2

Fo
ld

C
ha

ng
e

ciRS-7 KD: cNPCs

hsa-miR-302b-3p

hsa-miR-302c-3p

hsa-miR-3151-5p
hsa-miR-30a-3p

hsa-let-7i-5p
hsa-let-7e-5p

hsa-miR-302a-3p

NS

p.adj < 0.05 & |log2FC| > 1

p-value < 0.05 
p-value < 0.05 & |log2FC| > 1

100 101 102 103 104 105

-2

0

2

AverageExpression

lo
g2

Fo
ld

C
ha

ng
e

 circFAT3 KD: cNPCs

hsa-miR-183-5p

hsa-let-7e-5p

hsa-miR-29b-3p
hsa-miR-34c-5p

hsa-miR-9-5p

NS

p.adj < 0.05 & |log2FC| > 1

p-value < 0.05 
p-value < 0.05 & |log2FC| > 1

circFAT3 KD: rNPCs

hsa-miR-1260a

hsa-let-7i-5p
hsa-miR-190a-5p

hsa-miR-432-5p

hsa-miR-1908-5p

hsa-miR-1296-3phsa-miR-433-3p

NS

p.adj < 0.05 & |log2FC| > 1

p-value < 0.05 
p-value < 0.05 & |log2FC| > 1

100 101 102 103 104 105
-5

0

5

AverageExpression

lo
g2

Fo
ld

C
ha

ng
e

A

0 10 20 30 40 60 80

hsa-miR-7
hsa-miR-1290
hsa-miR-1299
hsa-miR-516b

hsa-miR-490-5p
hsa-miR-1246
hsa-miR-1287
hsa-miR-619

hsa-miR-1243
hsa-miR-671-5p

hsa-miR-1270
hsa-miR-576-3p

hsa-miR-620
hsa-miR-890

hsa-miR-1277
hsa-miR-432
hsa-miR-873

23
19

15
10

8
8

7
4

3
3
3
3
3

2
2
2

# miRNA binding sites 

ciRS-7

0 2 4 6 8
hsa-miR-136
hsa-miR-607

hsa-miR-1178
hsa-miR-1305
hsa-miR-145
hsa-miR-224

hsa-miR-487a
hsa-miR-570
hsa-miR-579
hsa-miR-616
hsa-miR-944

hsa-miR-1244
hsa-miR-127-5p

hsa-miR-1278
hsa-miR-1298
hsa-miR-149
hsa-miR-155
hsa-miR-183
hsa-miR-186
hsa-miR-194
hsa-miR-197
hsa-miR-217

hsa-miR-485-3p
hsa-miR-502-5p

hsa-miR-513a-3p
hsa-miR-516a-5p
hsa-miR-532-3p

hsa-miR-548g
hsa-miR-548k
hsa-miR-548l
hsa-miR-587
hsa-miR-593

hsa-miR-615-5p
hsa-miR-636
hsa-miR-637
hsa-miR-665

7
4

3
3
3
3
3
3
3
3

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

circFAT3

73



A

B

C D
TUJ1

GFAP

DAPI/GFAP/TUJ1

C
er

eb
ra

l o
rg

an
oi

ds
: D

ay
 9

0 
C

TR
L 

C
er

eb
ra

l o
rg

an
oi

ds
: D

ay
 9

0 
C

TR
L 

DAPI/SOX2/MAP2

F DAPI/GFP/circFAT3

C
er

eb
ra

l o
rg

an
oi

ds
: D

ay
 3

0 
C

TR
L 

C
er

eb
ra

l o
rg

an
oi

ds
: D

ay
 3

0 
C

TR
L 

DAPI/GFP/ciRS-7

Neurons II 

IPs

MSCs

Neurons I

Olfactory Neuroepithelium 

Proliferative cells 

NPCs II

RGCs/NPCs I

CP

0.00 0.75

cell_prob

Sample name
CTRL_1
CTRL_2

0.50 1.000.25

Cerebral organoids: Day 30 CTRL 

Cerebral organoids: Day 90 CTRL 

E

Figure S4

Cortical progenitors/CNs I
Neurons

CNs
Cortical progenitors/CNs II
Cortical progenitors/CNs III

MSCs
undetermined

Proliferative IPs
NPCs II
NPCs I

IN
S

M
1

G
R

IA
4

E
R

B
B

4
N

E
U

R
O

D
1

S
TM

N
2

LM
O

3
B

C
L1

1B
S

AT
B

2
G

A
P

43
D

C
X

K
C

N
Q

3
C

U
X

2
FA

M
19

A
1

TB
R

1
G

A
B

R
G

3
C

O
L1

A
1

D
C

N
FT

L
FT

H
1

TP
T1

E
O

M
E

S
TO

P
2A

M
K

I6
7

N
E

U
R

O
D

4
H

E
S

6
S

O
X

2
PA

X
3

W
N

T7
B

C
LU

S
10

0B
G

FA
P

G
LI

3
PA

X
6

S
FR

P
1

P
TP

R
Z1

mean z-score

-2 20



ED

F

C

A
DAPI/GFP/circFAT3

circFAT3 ciRS-7 B

forebrain neuron differentiation
forebrain generation of neurons

central nervous system neuron development
dendrite morphogenesis

neuron migration
regeneration

dendrite development
cell fate commitment

gliogenesis
telencephalon development

central nervous system neuron differentiation
negative regulation of neurogenesis

negative regulation of cell development
negative regulation of nervous system development

axonogenesis
Wnt signaling pathway

cell−cell signaling by wnt
forebrain development

axon development
cell morphogenesis involved in neuron differentiation

neuron projection morphogenesis
regulation of neurogenesis

regulation of nervous system development
cell projection morphogenesis

cell part morphogenesis
regulation of cell development

molecular transducer activity
receptor activity

cell morphogenesis involved in differentiation
neuron projection development

cell morphogenesis
cellular component morphogenesis

brain development
head development

cell projection organization
neuron development

central nervous system development
tissue development

regulation of multicellular organismal development
neuron differentiation

regulation of cell differentiation
regulation of developmental process

regulation of multicellular organismal process
generation of neurons

neurogenesis
cell development

anatomical structure morphogenesis
cell surface receptor signaling pathway

nervous system development
animal organ development

cell differentiation
cellular developmental process

signal transduction
single organism signaling

signaling
cell communication

system development
multicellular organism development

single−organism developmental process
anatomical structure development

developmental process
single−multicellular organism process

multicellular organismal process
regulation of cellular process

20 40 60

Hits (%)

G
O

 te
rm

 B
P

 a
ll

Count
10
20
30
40

0.01
0.02
0.03
0.04
0.05

p.adj

0.1 0.2 0.5 1.0 2.0 5.0 10.0

−2

baseMean

lo
g2

Fo
ld

C
ha

ng
e

AFAP1 CBLB
CNTN2

EBF1

ENC1
ENOX2

FRMD4A

INSM1

KALRN

LHX2

LHX9

MEIS2
NCALD

NELL2
NKAIN3

PRPH

RAB3B
RBFOX1

SFRP1

SSBP3
SYNE2

VOPP1

ZNF83

AC114947.2
ALKBH5

GOLGA2
HSPH1VPS53

NS
p-value<0.05
p-value<0.05 & |LogFC|>1
p.adj<0.05 & |LogFC|>1

0
2

4
6

Neurons- circFAT3 KD II vs. Neurons I 
(circFAT3 KD vs CTRL)

FA
T4

PAX6

W
NT7B

UNC5C

EPHA3
0

2

4

6

Fo
ld

 C
ha

ng
e/

C
TR

L

* *

 

linear FAT3 expression 
CTRL circFAT3 KD

30 Days 90 Days
0.0

0.5

1.0

1.5

2.0 p= 0.5344 p= 0.9244

/G
AP

D
H

 a
nd

 S
F3

A1
/G

AP
D

H
 a

nd
 S

F3
A1

CiRS-7 expression 

30 Days 90 Days
0

1

2

3 CTRL ciRS-7 KD

**

***

Figure S5

circFAT3

D
ay

 3
0:

 C
TR

L
D

ay
 3

0:
 K

D

DAPI/GFP/circFAT3

circFAT3 DAPI/GFP/ciRS-7ciRS-7

DAPI/GFP/ciRS-7ciRS-7



A

DAPI/TUJ1/GFAP

Day 90: circFAT3 KD

E

Figure S6

Day 90 COs

Fo
ld

 C
ha

ng
e/

C
TR

L 

GFA
P

S10
0b TTR

SULF
1

NES
SOX2

0

5

10

15

20

25

*

Day 90 COs
Fo

ld
 C

ha
ng

e/
C

TR
L 

SYP
DCX

SLC
17

A7
NES

SOX2
0

1

2

3

*

C

D

CTRL

cir
cF

AT3 K
D

0

10

20

30

40

50

D
A

PI
 s

ig
na

l/μ
m

2

DAPI

ns

CTRL

cir
cF

AT3 K
D

0

2

4

6

SO
X2

 s
ig

na
l/μ
m

2

SOX2

ns

B



Figure S7

A B

Scr 
co

ntr
ol

cir
cF

at3
 K

D

A
re

a

Size Ctip2+ area

0.0

5.0 104

1.0 105

1.5 105

ns

circFat3 Fat3
0.00
0.02

0.5

1.0

1.5

R
el

at
iv

e 
ex

pr
es

si
on

 
/G

ap
dh

 a
nd

 R
pl

13
a

Scr

circFat3 KD I

circFat3 KD II

ns

ns


	221220_OnlineResources_1.pdf
	221220_OnlineResources_1.pdf
	OnlineResources_1_new.pdf
	OnlineResources_1.pdf
	221123_FigureS1.pdf
	221123_FigureS2.pdf
	221123_FigureS3.pdf
	221123_FigureS4.pdf
	221123_FigureS5.pdf




	221220_FigureS6.pdf
	221220_OnlineResources_1
	221220_OnlineResources_1
	221219_FigureS7.pdf



