
A
●

●

●

● ●

●
● ●

● ●

●
● ● ●

●
●

● ● ● ●

●

●

5 10 15 20

−
1

.0
−

0
.5

0
.0

0
.5

1
.0

1
.5

TF Motif Families

L
o

g
2

(F
o

ld
 E

n
ri

c
h

m
e

n
t)

●

●

●
●

●

●
● ● ● ●

● ● ●

● ●
●

●
●

●

●

●

●

5 10 15 20

−
1

.0
−

0
.5

0
.0

0
.5

1
.0

1
.5

TF Motif Families

●

● ● ● ●

● ●

●
●

● ● ●
● ● ●

●
● ●

●

●
●

●

5 10 15 20

−
1

.0
−

0
.5

0
.0

0
.5

1
.0

1
.5

TF Motif Families

G
BM

1

T 
(n

=1
62

)
N (n

=2
07

)

T
ra

ns
cr

ip
ts

 P
er

 M
ill

io
n 

(T
P

M
)

0

0.9

1.8

2.7

3.6

4.5

5.4

G
BM

T 
(n

=1
63

)
N (n

=2
07

)

T
ra

ns
cr

ip
ts

 P
er

 M
ill

io
n 

(T
P

M
)

0

1

2

3

4

5

6 G
BM

2

T 
(n

=1
61

)
N (n

=2
07

)

T
ra

ns
cr

ip
ts

 P
er

 M
ill

io
n 

(T
P

M
)

0

1

2

3

4

5

6

7

G
BM

T 
(n

=1
63

)
N (n

=2
07

)

T
ra

ns
cr

ip
ts

 P
er

 M
ill

io
n 

(T
P

M
)

0

1

2

3

4

5

6

7

G
BM

T 
(n

=1
63

)
N (n

=2
07

)

T
ra

ns
cr

ip
ts

 P
er

 M
ill

io
n 

(T
P

M
)

0

1

2

3

4

5

6

7

8

9

10 G
BM

T 
(n

=1
63

)
N (n

=2
07

)

T
ra

ns
cr

ip
ts

 P
er

 M
ill

io
n 

(T
P

M
)

0

0.9

1.8

2.7

3.6

4.5

5.4
L

o
g

2
(T

P
M

+
1

)
FOXD1SP1 AHR OLIG2NPAS3ASCL1

T
ra

ns
cr

ip
ts

 P
er

 M
ill

io
n 

(T
P

M

0

0.9

1.8

2.7

3.6G
BM

1

ts
 P

er
 M

ill
io

n 
(T

P
M

)

2.7

3.6

4.5

5.4

Tumor (TCGA, n=163) Normal (TCGA + GTEx, n=207)

* * * * * *

B C
TKOv1 gRNA-library

GSC-Cas9 +

14 Doublings

T0

Illumina

sequencing

Illumina

sequencing

Compare gRNA abundance

&
identify essential genes

AEBP2
GLI1

GLIS3
IKZF1
IKZF4

INSM2
IRF5

KLF13
OSR1
PATZ1

PLAGL1
RBAK

SP1
ZBTB1

ZBTB17
ZBTB3
ZFP41

ZFPM2
ZNF182
ZNF200

ZNF23
ZNF251
ZNF300
ZNF319

ZNF34
ZNF37A
ZNF382
ZNF384
ZNF462

ZNF48
ZNF696

ZNF7
ZNF771
ZNF786
ZNF790

ZNF80

0 1 2 3 4 5 6

● ●● ●● ● ●●●● ● ●●

●● ●● ●●●● ●●●●●

●●●●● ●●●● ●● ● ●

●●●●●●●●●●●●●

●●● ●●●●●● ●●●●

●●●●●●●●●●●●●

●●●● ●●●● ●● ●●●

● ● ●● ●●● ●● ● ●●●

●●● ●● ●●●● ●●● ●

● ●●●● ●●●● ●●●●

●●● ●●●●● ●●● ●●

●● ●● ● ●●●● ●● ● ●

●●●● ●●● ●● ●● ●●

●● ●●● ●●●●●● ●●

●● ●●●●● ● ●● ●●●

●● ●● ●●● ●●● ●●●

● ●●●●●●● ●● ●●●

●● ●● ●●● ● ●● ●●●

●●●●● ●●●● ●● ●●

●● ● ●● ● ●●●●● ●●

●● ● ●● ● ●● ●● ● ●●

●●●●●●●●●● ●● ●

● ● ●●● ●●●● ●●● ●

●● ●●●●●● ●● ●●●

●● ●●●●●● ●● ●●●

●●●●● ●●● ● ●● ●●

●●●● ● ●●● ● ●● ●●

● ●●● ●●●●●●●●●

● ● ●●●●●●● ●●●●

●● ● ●●●● ●●● ●●●

● ● ●●●●●● ●●●●●

● ●●● ●●●●●● ● ●●

●● ●●●●● ●●● ●●●

●● ●●● ●●●●● ●●●

●● ●●● ●●●● ●●●●

●●●●●●●●●●●●●

Tr
a

n
s
c
ri

p
tio

n
 F

a
c
to

rs

Log2(FPKM)

Exclusively essential in at least 1 Reactive GSC
SP1/Regulated by SP1

AHR

ARNT

ARNT2

ASCL1

FERD3L

HES2

LYL1

MITF

MYCN

NPAS3

OLIG2

RFX2

TCF12

0 2 4 6 8

●●● ●● ●● ●●●
●●

●

●●●●●
●●●
●●

●●
●

● ● ●●● ●
●

●●●●●●

●● ●●● ●●● ●● ●
●

●

●●
●
●●●●●●●●
●●

●●●
● ●● ●● ● ●●
●●

●●●●
●●●●●●
●●
●

● ●●●●● ●
●

●●● ●●

●● ● ●
●
●●●● ●●

●
●

● ●●● ●● ●●●● ● ●●

● ● ● ●●● ●●
● ●●

●
●

●●
● ●●●●●

●● ●●●

●
●●●

●
●

●●● ●●
●●

Tr
a

n
s
c
ri

p
tio

n
 F

a
c
to

rs

Log2(FPKM)

Exclusively essential in:
All tested Constructive GSCs
At least 1 Constructive GSC

FOXD1

0 1 2 3 4 5 6
Log2(FPKM+1)

●●●● ●

Exclusively essential in Invasive GSCs

0.0

0.5

1.0

1.5

2.0

G
SE26

03
0 

Th1
7 

ce
lls

G
SE14

00
0 

D
en

dr
iti
c 
ce

lls

G
SE14

90
8 

C
D
4 

T c
el
ls

G
SE16

45
1 

vi
ra

l i
nf

ec
tio

n

G
SE17

72
1 

D
en

di
tri

c 
ce

lls

G
SE39

55
6 

C
D
8A

 D
en

dr
iti
c 
ce

lls

G
SE39

55
6 

N
K c

el
ls

G
SE37

60
5 

Tr
eg

 c
el
ls

G
SE37

53
2 

Tr
eg

 v
s 
Tco

nv
 c
el
ls

TLR
1−

TLR
2 

co
m

pl
ex

TLR
1−

TLR
2−

lip
op

ro
te

in
 c
om

pl
ex

TN
F−

R
1 

si
gn

al
in
g 

co
m

pl
ex

TN
F−

R
1−

as
so

ci
at

ed
 s
ig
na

lin
g 

co
m

pl
ex

GO Terms

−
lo

g
1

0
(q
−

va
lu

e
)

Evidence

Essentiality
ATAC and RNA combined
SP1 Target

GeneRatio

0.1

0.2

0.3

0.4

0.5 0

5

10

15

20

Fo
re

br
ai
n 

de
v

N
eu

ro
n 

di
ffe

re
nt

ia
tio

n

C
N
S d

ev

G
lia

l c
el
l f
at

e 
co

m
m

itm
en

t

N
eu

ro
n

Ve
rh

aa
k 
gl
io
bl
as

to
m

a 
pr

on
eu

ra
l

N
eu

ro
n 

pr
oj
ec

tio
n

Syn
ap

se

C
el
l p

ro
je
ct
io
n

N
eu

ro
ge

ne
si
s

Syn
ap

se
 p

ar
t

H
ea

d 
de

ve
lo
pm

en
t

R
eg

ul
at

io
n 

of
 n

eu
ro

n 
pr

oj
ec

tio
n 

de
v

N
eu

ro
n 

pr
oj
ec

tio
n 

de
v

R
eg

ul
at

io
n 

of
 n

er
vo

us
 s
ys

te
m

 d
ev

R
eg

ul
at

io
n 

of
 n

eu
ro

n 
di
ff

N
eu

ro
n 

pr
oj
ec

tio
n 

m
or

ph
og

en
es

is

N
eu

ro
n 

de
ve

lo
pm

en
t

Axo
n

C
el
l m

or
ph

og
en

es
is
 in

vo
lve

d 
in
 n

eu
ro

n 
di
ff

H
in
db

ra
in
 d

ev

G
en

er
at

io
n 

of
 n

eu
ro

ns

D
en

dr
ite

 d
ev

el
op

m
en

t

Syn
ap

tic
 v
es

ic
le

GO Terms

−
lo

g
1

0
(q
−

va
lu

e
)

GeneRatio

0.05

0.10

0.15

Evidence

Essentiality
ATAC and RNA combined
ASCL1 Target

0

3

6

9

12

M
ul
tic

an
ce

r i
nv

as
ive

ne
ss

 s
ig
na

tu
re

C
D
H
1 

ta
rg

et
s

EC
M

 a
nd

 c
ol
la
ge

ns
EC

M

Blo
od

 v
es

se
l m

or
ph

og
en

es
is

R
eg

ul
at

io
n 

of
 v
as

cu
la
tu

re
 d

ev

Ext
ra

ce
llu

la
r s

pa
ce

N
eg

at
ive

 re
g 

of
 c
el
l c

om
m

un
ic
at

io
n

GO Terms

−
lo

g
1

0
(q
−

va
lu

e
)

Evidence

ATAC and RNA combined

GeneRatio

0.04

0.08

0.12

D

E

F

G

Figure 4-figure supplement 1

Reactive Constructive Invasive


