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Image-based or morphological profiling is a rapidly expanding field wherein cells are 

“profiled” by extracting hundreds to thousands of unbiased, quantitative features from 

images of cells that have been genetically or chemically perturbed. It is the least-expensive 

high-dimensional profiling technique to date and offers single cell resolution. The Cell 

Painting assay is the most popular image-based profiling assay; in it, six small-molecule 

dyes label eight cellular compartments and are imaged in five fluorescence channels (plus 

brightfield, if desired). Images are segmented and thousands of measurements are then made 

within the nucleus, cytoplasm, and whole cell, describing quantitative traits such as size and 

shape, and stain intensity and texture. First published in 20131, the standard protocol was 

updated in 2016 and more recently in 20232.

The field of bioimaging, like most scientific fields, is transitioning towards making data 

increasingly FAIR (findable, accessible, interoperable, and reusable)3. In this vein, we 

have created the Cell Painting Gallery, a publicly available collection of Cell Painting 

datasets, with granular dataset descriptions and comprehensive documentation including 

access instructions at https://github.com/broadinstitute/cellpainting-gallery. It is hosted by 

Amazon Web Services (AWS) on the Registry of Open Data (RODA) and anyone can 

access the data without requiring an AWS account. As of May 2024, the Cell Painting 

Gallery holds 688 terabytes (TB) of image and associated numerical data. It includes 

the largest publicly available Cell Painting dataset, in terms of perturbations tested (Joint 

Undertaking for Morphological Profiling or JUMP), along with many other canonical 

datasets using Cell Painting and close derivatives (Table 1). Other sources of publicly 
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available Cell Painting datasets include Recursion (RxRx.ai) and Image Data Resource 

(IDR) (idr.openmicroscopy.org).

Cell Painting has been widely used for varied biological applications including 

characterizing gene function (through overexpression, knockout, knockdown, and variant 

characterization), drug toxicity prediction, mechanism of action identification, and multiple 

other stages of drug discovery (summarized in4). In service of these applications, deep 

learning methods have been developed that improve on traditional machine learning 

methods across diverse aspects of high content imaging including image quality, object 

segmentation, object and image feature extraction, stain prediction, and object and image 

classification5. Curating large, diverse Cell Painting datasets into the Cell Painting Gallery 

enhances the potential for both novel data mining for biological discovery as well as the 

development of new machine and deep learning techniques, particularly representation 

learning and multimodal learning. To that end, we have implemented specific data 

and metadata guidelines, provided comprehensive download instructions, reprocessed old 

datasets, converted datasets to next-generation-file-formats, and worked with external 

organizations to make the Cell Painting Gallery browseable with their infrastructure, all 

detailed below.

Datasets within Cell Painting Gallery follow specific data and metadata organizational 

requirements, an important trait of FAIR data. This allows for images and numerical data to 

easily be downloaded/accessed separately, simplifying application-specific data download. 

Our data validator analyzes the contents of the Gallery and generates customizable reports of 

attributes such as data integrity and dataset completion.

To make the Cell Painting Gallery accessible to all researchers regardless of computational 

or cloud expertise, we provide detailed documentation with instructions for accessing and 

downloading data from AWS including curating varied example workflows that access data 

in the gallery.

The field of morphological profiling has undergone major developments in the last 10 

years, and like any scientific field, data that was state-of-the-art at publication may be a 

challenge to use 10 years later. To bring important historical datasets up to date, we have 

reprocessed several key historical datasets, cpg0012-wawer-bioactivecompoundprofiling, 

cpg0017-rohban-pathways, and cpg0031-caicedo-cmvip, using current state-of-the-art 

informatics2 so that these modernized datasets now have the same feature set as the 

~136,000 chemical and genetic perturbations in cpg0016-jump, the JUMP Cell Painting 

dataset.

Proprietary image file formats hinder the reuse of both images and workflows. To 

address this, we have begun converting datasets, such as cpg0004-lincs, to OME-Zarr, 

a next generation file format optimized for data FAIR-ness and cloud-based usage6,7. 

These conversions, performed with tools like Distributed-OMEZarrCreator8 also improve 

interoperability with IDR, soon allowing Cell Painting Gallery data to be browsed through 

IDR.
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The Cell Painting Gallery is continually expanding. Though the majority of the data, 

apart from JUMP, has been collected at the Broad Institute, we welcome data from other 

sources and detail in our documentation how to nominate datasets for inclusion. We also 

welcome community contributions to our documentation, including example workflows and 

publications that access data in the Gallery. We intend to maintain the Gallery beyond the 

duration of any individual program or grant.

Acknowledgements

We thank E. Chu and N. Ragusa of AWS for assistance in getting the Cell Painting Gallery set up along with 
members of the Cimini and Carpenter-Singh labs for their feedback on this project and manuscript. We also thank 
T. Treis and F. Theis for publicly sharing their workflow accessing Gallery data. This study was supported by 
Calico Life Sciences LLC, Merck Sharp & Dohme LLC, a subsidiary of Merck & Co., Inc., NIH P41 GM135019 
(to BAC, AEC), NIH R35 GM122547 (to AEC), and CZI grant DAF2020-225720 (grant DOI https://doi.org/
10.37921/977328pjvbca) from the Chan Zuckerberg Initiative DAF, an advised fund of Silicon Valley Community 
Foundation (funder DOI 10.13039/100014989) (to BAC). The funders had no role in study design, data collection 
and analysis, decision to publish or preparation of the manuscript.

Data Availability

All data is freely available in the Cell Painting Gallery, hosted by AWS on the Registry of 

Open Data. An AWS account is not necessary for accessing data. Documentation is provided 

at https://broadinstitute.github.io/cellpainting-gallery.

Works Cited

1. Gustafsdottir SM et al. Multiplex cytological profiling assay to measure diverse cellular states. PLoS 
One 8, e80999 (2013). [PubMed: 24312513] 

2. Cimini BA et al. Optimizing the Cell Painting assay for image-based profiling. Nat. Protoc (2023) 
doi:10.1038/s41596-023-00840-9.

3. Schmied C et al. Community-developed checklists for publishing images and image analyses. Nat. 
Methods (2023) doi:10.1038/s41592-023-01987-9.

4. Chandrasekaran SN, Ceulemans H, Boyd JD & Carpenter AE Image-based profiling for drug 
discovery: due for a machine-learning upgrade? Nat. Rev. Drug Discov 20, 145–159 (2021). 
[PubMed: 33353986] 

5. Carreras-Puigvert J & Spjuth O Artificial intelligence for high content imaging in drug discovery. 
Curr. Opin. Struct. Biol 87, 102842 (2024). [PubMed: 38797109] 

6. Moore J et al. OME-NGFF: a next-generation file format for expanding bioimaging data-access 
strategies. Nat. Methods 18, 1496–1498 (2021). [PubMed: 34845388] 

7. Moore J et al. OME-Zarr: a cloud-optimized bioimaging file format with international community 
support. Histochem. Cell Biol (2023) doi:10.1007/s00418-023-02209-1.

8. Weisbart E & Cimini BA Distributed-Something: scripts to leverage AWS storage and computing 
for distributed workflows at scale. Nat. Methods (2023) doi:10.1038/s41592-023-01918-8.

Weisbart et al. Page 3

Nat Methods. Author manuscript; available in PMC 2025 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://broadinstitute.github.io/cellpainting-gallery


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Weisbart et al. Page 4

Ta
b

le
 1

:

C
om

pl
et

e 
da

ta
se

ts
 a

va
ila

bl
e 

in
 th

e 
C

el
l P

ai
nt

in
g 

G
al

le
ry

 a
s 

of
 p

ub
lic

at
io

n.
 T

ot
al

 d
at

a 
si

ze
 (

co
m

pl
et

e 
an

d 
in

-p
ro

gr
es

s 
da

ta
se

ts
) 

as
 o

f 
M

ay
 2

02
4 

is
 6

88
 T

B
.

D
at

as
et

 n
am

e
D

es
cr

ip
ti

on
P

ub
lic

at
io

n 
to

 c
it

e
O

bj
ec

ts
To

ta
l 

da
ta

 
si

ze

Im
ag

e 
da

ta
 s

iz
e

N
um

er
ic

al
 

da
ta

 s
iz

e

cp
g0

00
0-

ju
m

p-
pi

lo
t

30
0+

 c
om

po
un

ds
 a

nd
 1

60
+

 
ge

ne
s 

(C
R

IS
PR

 k
no

ck
ou

t a
nd

 
ov

er
ex

pr
es

si
on

) 
pr

of
ile

d 
in

 A
54

9 
an

d 
U

2O
S 

ce
lls

, a
t t

w
o 

tim
e 

po
in

ts

C
ha

nd
ra

se
ka

ra
n,

 S
. N

. e
t a

l. 
T

hr
ee

 m
ill

io
n 

im
ag

es
 a

nd
 

m
or

ph
ol

og
ic

al
 p

ro
fi

le
s 

of
 c

el
ls

 tr
ea

te
d 

w
ith

 m
at

ch
ed

 c
he

m
ic

al
 

an
d 

ge
ne

tic
 p

er
tu

rb
at

io
ns

. b
io

R
xi

v 
20

22
.0

1.
05

.4
75

09
0 

(2
02

2)
 

do
i:1

0.
11

01
/2

02
2.

01
.0

5.
47

50
90

5.
2 

M
12

.3
 T

B
6.

1 
T

B
6.

1 
T

B

cp
g0

00
1-

ce
llp

ai
nt

in
g-

pr
ot

oc
ol

30
0+

 c
om

po
un

ds
 p

ro
fi

le
d 

in
 

U
2O

S 
ce

lls
 u

si
ng

 s
ev

er
al

 d
if

fe
re

nt
 

m
od

if
ic

at
io

ns
 o

f 
th

e 
C

el
l P

ai
nt

in
g 

pr
ot

oc
ol

.
D

es
cr

ip
tio

n 
of

 C
el

l P
ai

nt
in

g 
v3

C
im

in
i, 

B
. A

. e
t a

l. 
O

pt
im

iz
in

g 
th

e 
C

el
l P

ai
nt

in
g 

as
sa

y 
fo

r 
im

ag
e-

ba
se

d 
pr

of
ili

ng
. N

at
. P

ro
to

c.
 (

20
23

) 
do

i:1
0.

10
38

/s
41

59
6-

02
3-

00
84

0-
9

9.
6 

M
40

.3
 T

B
18

.7
 T

B
21

.6
 T

B

cp
g0

00
2-

ju
m

p-
sc

op
e

30
0+

 c
om

po
un

ds
 p

ro
fi

le
d 

in
 U

2O
S 

us
in

g 
di

ff
er

en
t m

ic
ro

sc
op

es
 a

nd
 

se
tti

ng
s

T
ro

m
an

s-
C

oi
a,

 C
. e

t a
l. 

A
ss

es
si

ng
 th

e 
pe

rf
or

m
an

ce
 o

f 
th

e 
C

el
l 

Pa
in

tin
g 

as
sa

y 
ac

ro
ss

 d
if

fe
re

nt
 im

ag
in

g 
sy

st
em

s.
 C

yt
om

et
ry

 A
10

3,
 

91
5–

92
6 

(2
02

3)

2.
6 

M
16

.7
 T

B
12

.5
 T

B
4.

2 
T

B

cp
g0

00
3-

ro
se

tta
28

,0
00

+
 g

en
es

 a
nd

 c
om

po
un

ds
 

pr
of

ile
d 

in
 C

el
l P

ai
nt

in
g 

an
d 

L
10

00
 g

en
e 

ex
pr

es
si

on

H
ag

hi
gh

i, 
M

., 
C

ai
ce

do
, J

. C
., 

C
im

in
i, 

B
. A

., 
C

ar
pe

nt
er

, A
. E

. &
 

Si
ng

h,
 S

. H
ig

h-
di

m
en

si
on

al
 g

en
e 

ex
pr

es
si

on
 a

nd
 m

or
ph

ol
og

y 
pr

of
ile

s 
of

 c
el

ls
 a

cr
os

s 
28

,0
00

 g
en

et
ic

 a
nd

 c
he

m
ic

al
 p

er
tu

rb
at

io
ns

. N
at

. 
M

et
ho

ds
19

, 1
55

0–
15

57
 (

20
22

)

51
8.

5 
G

B
0

8.
5 

G
B

cp
g0

00
4-

lin
cs

1,
57

1 
co

m
po

un
ds

 a
cr

os
s 

6 
do

se
s 

in
 

A
54

9 
ce

lls
W

ay
, G

. P
. e

t a
l. 

M
or

ph
ol

og
y 

an
d 

ge
ne

 e
xp

re
ss

io
n 

pr
of

ili
ng

 p
ro

vi
de

 
co

m
pl

em
en

ta
ry

 in
fo

rm
at

io
n 

fo
r 

m
ap

pi
ng

 c
el

l s
ta

te
. C

el
l S

ys
t1

3,
 9

11
–

92
3.

e9
 (

20
22

)

70
.5

 M
65

.7
 T

B
61

.9
 T

B
3.

8 
T

B

cp
g0

01
0-

ca
ie

-d
ru

gr
es

po
ns

e
M

C
F-

7 
br

ea
st

 c
an

ce
r 

ce
lls

 tr
ea

te
d 

w
ith

 1
13

 s
m

al
l m

ol
ec

ul
es

 a
t e

ig
ht

 
co

nc
en

tr
at

io
ns

.

C
ai

e,
 P

. D
. e

t a
l. 

H
ig

h-
co

nt
en

t p
he

no
ty

pi
c 

pr
of

ili
ng

 o
f 

dr
ug

 r
es

po
ns

e 
si

gn
at

ur
es

 a
cr

os
s 

di
st

in
ct

 c
an

ce
r 

ce
lls

. M
ol

. C
an

ce
r T

he
r. 

9,
 1

91
3–

19
26

 (
20

10
)

1.
1 

M
23

9.
2 

G
B

98
.4

 G
B

14
0.

8 
G

B

cp
g0

01
1-

lip
oc

yt
ep

ro
fi

le
r

V
ar

ie
ty

 o
f 

lip
oc

yt
es

 in
 d

if
fe

re
nt

 
m

et
ab

ol
ic

 s
ta

te
s 

an
d 

w
ith

 g
en

et
ic

 
an

d 
dr

ug
 p

er
tu

rb
at

io
ns

L
ab

er
, S

. e
t a

l. 
D

is
co

ve
ri

ng
 c

el
lu

la
r 

pr
og

ra
m

s 
of

 in
tr

in
si

c 
an

d 
ex

tr
in

si
c 

dr
iv

er
s 

of
 m

et
ab

ol
ic

 tr
ai

ts
 u

si
ng

 L
ip

oc
yt

eP
ro

fi
le

r. 
C

el
l 

G
en

om
ic

s3
, 1

00
34

6 
(2

02
3)

14
3 

K
1.

2 
T

B
1.

2 
T

B
16

 M
B

cp
g0

01
2-

w
aw

er
-

bi
oa

ct
iv

ec
om

po
un

dp
ro

fi
lin

g
30

,0
00

 c
om

po
un

d 
da

ta
se

t i
n 

U
2O

S 
ce

lls
W

aw
er

, M
. J

. e
t a

l. 
To

w
ar

d 
pe

rf
or

m
an

ce
-d

iv
er

se
 s

m
al

l-
m

ol
ec

ul
e 

lib
ra

ri
es

 f
or

 c
el

l-
ba

se
d 

ph
en

ot
yp

ic
 s

cr
ee

ni
ng

 u
si

ng
 m

ul
tip

le
xe

d 
hi

gh
-

di
m

en
si

on
al

 p
ro

fi
lin

g.
 P

ro
c.

 N
at

l. 
A

ca
d.

 S
ci

. U
. S

. A
. 1

11
, 1

09
11

–
10

91
6 

(2
01

4)
B

ra
y,

 M
.-

A
. e

t a
l. 

A
 d

at
as

et
 o

f 
im

ag
es

 a
nd

 m
or

ph
ol

og
ic

al
 p

ro
fi

le
s 

of
 3

0 
00

0 
sm

al
l-

m
ol

ec
ul

e 
tr

ea
tm

en
ts

 u
si

ng
 th

e 
C

el
l P

ai
nt

in
g 

as
sa

y.
 

G
ig

as
ci

en
ce

6,
 1

–5
 (

20
17

)

11
 M

10
.7

 T
B

3.
1 

T
B

7.
6 

T
B

cp
g0

01
5-

he
te

ro
ge

ne
ity

2,
20

0+
 c

om
po

un
ds

 a
nd

 2
00

+
 

ge
ne

s 
pr

of
ile

s 
in

 U
2O

S 
ce

lls
R

oh
ba

n,
 M

. H
., 

A
bb

as
i, 

H
. S

., 
Si

ng
h,

 S
. &

 C
ar

pe
nt

er
, A

. E
. 

C
ap

tu
ri

ng
 s

in
gl

e-
ce

ll 
he

te
ro

ge
ne

ity
 v

ia
 d

at
a 

fu
si

on
 im

pr
ov

es
 im

ag
e-

ba
se

d 
pr

of
ili

ng
. N

at
. C

om
m

un
. 1

0,
 2

08
2 

(2
01

9)

61
9

20
4 

G
B

0
20

4 
G

B

cp
g0

01
6-

ju
m

p
11

6,
00

0+
 c

om
po

un
ds

 a
nd

 1
6,

00
0+

 
ge

ne
s 

(C
R

IS
PR

 k
no

ck
ou

t a
nd

 
ov

er
ex

pr
es

si
on

) 
pr

of
ile

d 
in

 o
ve

r 
1.

5 
bi

lli
on

 U
2O

S 
ce

lls
.

C
ha

nd
ra

se
ka

ra
n,

 S
. N

. e
t a

l. 
JU

M
P 

C
el

l P
ai

nt
in

g 
da

ta
se

t: 
m

or
ph

ol
og

ic
al

 im
pa

ct
 o

f 
13

6,
00

0 
ch

em
ic

al
 a

nd
 g

en
et

ic
 p

er
tu

rb
at

io
ns

. 
bi

oR
xi

v 
20

23
.0

3.
23

.5
34

02
3 

(2
02

3)
 d

oi
:1

0.
11

01
/2

02
3.

03
.2

3.
53

40
23

11
5.

3 
M

35
8.

4 
T

B
11

5.
3 

T
B

24
3 

T
B

Nat Methods. Author manuscript; available in PMC 2025 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Weisbart et al. Page 5

D
at

as
et

 n
am

e
D

es
cr

ip
ti

on
P

ub
lic

at
io

n 
to

 c
it

e
O

bj
ec

ts
To

ta
l 

da
ta

 
si

ze

Im
ag

e 
da

ta
 s

iz
e

N
um

er
ic

al
 

da
ta

 s
iz

e

cp
g0

01
7-

ro
hb

an
-p

at
hw

ay
s

32
3 

ge
ne

s 
ov

er
ex

pr
es

se
d 

in
 U

2O
S 

ce
lls

. O
ri

gi
na

l i
m

ag
es

 r
e-

pr
of

ile
d 

in
 2

02
3

R
oh

ba
n,

 M
. H

. e
t a

l. 
Sy

st
em

at
ic

 m
or

ph
ol

og
ic

al
 p

ro
fi

lin
g 

of
 h

um
an

 
ge

ne
 a

nd
 a

lle
le

 f
un

ct
io

n 
vi

a 
C

el
l P

ai
nt

in
g.

 E
lif

e6
, (

20
17

)
30

5 
K

32
1 

G
B

18
9 

G
B

13
2 

G
B

cp
g0

01
8-

si
ng

h-
se

ed
se

q
U

2O
S 

ce
lls

 tr
ea

te
d 

w
ith

 e
ac

h 
of

 
31

5 
un

iq
ue

 s
hR

N
A

 s
eq

ue
nc

es
Si

ng
h,

 S
. e

t a
l. 

M
or

ph
ol

og
ic

al
 P

ro
fi

le
s 

of
 R

N
A

i-
In

du
ce

d 
G

en
e 

K
no

ck
do

w
n 

A
re

 H
ig

hl
y 

R
ep

ro
du

ci
bl

e 
bu

t D
om

in
at

ed
 b

y 
Se

ed
 

E
ff

ec
ts

. P
L

oS
 O

ne
10

, e
01

31
37

0 
(2

01
5)

13
8 

K
24

7.
1 

G
B

24
7.

1 
G

B
0

cp
g0

01
9-

m
os

hk
ov

-d
ee

pp
ro

fi
le

r
8.

3 
m

ill
io

n 
si

ng
le

 c
el

ls
 f

ro
m

 2
32

 
pl

at
es

, a
cr

os
s 

48
8 

tr
ea

tm
en

ts
 f

ro
m

 
5 

pu
bl

ic
 d

at
as

et
s,

 u
se

d 
fo

r 
le

ar
ni

ng
 

re
pr

es
en

ta
tio

ns

M
os

hk
ov

, N
. e

t a
l. 

L
ea

rn
in

g 
re

pr
es

en
ta

tio
ns

 f
or

 im
ag

e-
ba

se
d 

pr
of

ili
ng

 
of

 p
er

tu
rb

at
io

ns
. N

at
. C

om
m

un
. 1

5,
 1

59
4 

(2
02

4)
9.

3 
M

52
2 

G
B

48
2 

G
B

40
 G

B

cp
g0

02
1-

pe
ri

sc
op

e
30

 m
ill

io
n 

ce
lls

 w
ith

 2
0,

00
0 

si
ng

le
-g

en
e 

kn
oc

ko
ut

s 
in

 p
oo

le
d 

fo
rm

at
. A

54
9 

ce
lls

 a
nd

 H
eL

a 
ce

lls
 

in
 tw

o 
gr

ow
th

 m
ed

ia

R
am

ez
an

i, 
M

. e
t a

l. 
A

 g
en

om
e-

w
id

e 
at

la
s 

of
 h

um
an

 c
el

l m
or

ph
ol

og
y.

 
bi

oR
xi

v 
20

23
.0

8.
06

.5
52

16
4 

(2
02

3)
 d

oi
:1

0.
11

01
/2

02
3.

08
.0

6.
55

21
64

7.
1 

M
56

.0
 T

B
45

.0
 T

B
11

.0
 T

B

cp
g0

02
2-

cm
qt

l
29

7 
iP

SC
 li

ne
s

Te
gt

m
ey

er
, M

. e
t a

l. 
H

ig
h-

di
m

en
si

on
al

 p
he

no
ty

pi
ng

 to
 d

ef
in

e 
th

e 
ge

ne
tic

 b
as

is
 o

f 
ce

llu
la

r 
m

or
ph

ol
og

y.
 N

at
. C

om
m

un
. 1

5,
 3

47
 (

20
24

)
70

2 
K

3.
7 

T
B

2.
8 

T
B

94
5 

G
B

cp
g0

02
8-

ke
lle

y-
re

si
st

an
ce

B
or

te
zo

m
ib

 r
es

is
ta

nt
 H

C
T

11
6 

cl
on

es
K

el
le

y,
 M

. E
. e

t a
l. 

H
ig

h-
co

nt
en

t m
ic

ro
sc

op
y 

re
ve

al
s 

a 
m

or
ph

ol
og

ic
al

 
si

gn
at

ur
e 

of
 b

or
te

zo
m

ib
 r

es
is

ta
nc

e.
 E

lif
e1

2,
 (

20
23

)
1 

M
4.

1 
T

B
1.

9 
T

B
2.

2 
T

B

cp
g0

03
0-

gu
st

af
sd

ot
tir

-
ce

llp
ai

nt
in

g
U

2O
S 

ce
lls

 tr
ea

te
d 

w
ith

 e
ac

h 
of

 
16

00
 k

no
w

n 
bi

oa
ct

iv
e 

co
m

po
un

ds
D

es
cr

ip
tio

n 
of

 C
el

l P
ai

nt
in

g 
v1

G
us

ta
fs

do
tti

r, 
S.

 M
. e

t a
l. 

M
ul

tip
le

x 
cy

to
lo

gi
ca

l p
ro

fi
lin

g 
as

sa
y 

to
 

m
ea

su
re

 d
iv

er
se

 c
el

lu
la

r 
st

at
es

. P
L

oS
 O

ne
8,

 e
80

99
9 

(2
01

3)
34

6 
K

23
4 

G
B

23
4 

G
B

.3
 G

B

cp
g0

03
1-

ca
ic

ed
o-

cm
vi

p
O

R
F 

ov
er

-e
xp

re
ss

io
n 

of
 5

96
 a

lle
le

s 
of

 5
3 

ge
ne

s 
in

 A
54

9 
ce

lls
C

ai
ce

do
, J

. C
. e

t a
l. 

C
el

l P
ai

nt
in

g 
pr

ed
ic

ts
 im

pa
ct

 o
f 

lu
ng

 c
an

ce
r 

va
ri

an
ts

. M
ol

. B
io

l. 
C

el
l3

3,
 a

r4
9 

(2
02

2)
55

3 
K

80
2 

G
B

60
5 

G
B

19
7 

G
B

Nat Methods. Author manuscript; available in PMC 2025 April 01.


	References
	Table 1:

