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Supplementary Figure 1 - Select perturbation regions based on variants.
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Supplementary Figure 2 - (ER+) MDA-MB-361 and (ER-) MDA-MB-231 were selected 
by testing different subtypes of breast cancer cell lines.

e

# of cell per perturbation region

Fr
eq

ue
nc

y

MDA-MB-231 dataset

0 250 500 750 1000 1250 1500 1750 2000
0

20

40

60

80

100

120

140

160

.CC-BY 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted November 20, 2023. ; https://doi.org/10.1101/2023.11.20.567880doi: bioRxiv preprint 

https://doi.org/10.1101/2023.11.20.567880
http://creativecommons.org/licenses/by/4.0/


a b

c

2

2

2

2

2

210

212

0

2

4

6

8

N
um

be
r o

f c
lo

ne
s

Number of cells per clone
0 20 40 60 80 100

MDA-MB-231 clonal data (Wang et al, 2022)

Number of cells per clone
0 20 40 60 80 100

2

2

2

2

2

210

212

0

2

4

6

8

N
um

be
r o

f c
lo

ne
s

MDA-MB-361 data

Number of cells per clone
0 20 40 60 80 100

2

2

2

2

2

210

212

0

2

4

6

8

N
um

be
r o

f c
lo

ne
s

MDA-MB-231 data

Supplementary Figure 3 - Clonality does not affect the quality of this study. 
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Supplementary Figure 4 - Perturbation modules and gene programs of 
MDA-MB-361 GWAS dataset.
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Supplementary Figure 6 - Perturb-seq identifies non-coding regulatory elements that 
regulate cancer genes.
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Supplementary Figure 7 - sgRNAs targeting the same region are functionally 
consistent with each other.
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Supplementary Figure 9 - Perturbation modules and gene programs of 
MDA-MB-231 screens.

MDA-MB-231 Somatic mutations

GP0
GP1
GP2
GP3

Perturbations
G

en
es

Gene Program 0
Cell Migration

Gene Program 1
TNFA Signaling via NFkB

Gene Program 2
DREAM Targets

Gene Program 3
Cytosolic Ribosome

MT2A, MT1E, S100A4, LIMA1, FN1,
TGFBI, SERPINE1, TFPI2, ARID5B

TOP2A, BUB1, E2F1, CENPU, CDK1,
CCNA2, MCM10, CENPA, CDCA3

KLF6, PTX3, NFKBIA, TUBB2A, IL6,
VEGFA, CEBPB, CDKN1A, SOD2

RPL11, RPS8, RPS27, RPS18, RPS10,
RPL12, RPL13, RPL19, RPS15, RPS28

c d

GP0
GP1
GP2
GP3
GP4

M0
M1

Perturbations

G
en

es

Gene Program 0
TNFA Signaling via NFkB

Gene Program 1
DREAM Targets

Gene Program 2
Ribosome

Gene Program 3
Inflammatory Response

Gene Program 4
Protein Folding

IL6, GEM, ETS2, CEBPB, SAT1, 
VEGFA, TUBB2A, FOS, KLF10

RPS8, RPS27, RPS3A, RPL37, RPS2,
RPS18, RPL10, RPL39, RPL28, RPL6

IFIT3, OASL, OAS2, IFIT2, IFI44, 
IFIT1, RIGI, HERC5, MX2, KLF4

HSPA5, HSP90B1, CALR, HYOU1, 
DNAJB9, HERPUD1, SDF2L1

MDA-MB-231 GWAS

TOP2A, BUB1, E2F1, CENPU, CDK1,
CCNA2, MCM10, CENPA, CDCA3

M0
M1
M2

0.0 0.2-0.2

0.0 0.4-0.4

correlation 
coefficienct

z-normalized
log (cpm)

genesperturbations

pe
rtu

rb
at

io
ns

ge
ne

s

Perturbation
modules

Gene
programs

0.0 0.2-0.2

0.0 0.4-0.4

correlation 
coefficienct

z-normalized
log (cpm)

genesperturbations

pe
rtu

rb
at

io
ns

ge
ne

s

Perturbation
modules

Gene
programs

.CC-BY 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted November 20, 2023. ; https://doi.org/10.1101/2023.11.20.567880doi: bioRxiv preprint 

https://doi.org/10.1101/2023.11.20.567880
http://creativecommons.org/licenses/by/4.0/


a b

c d

UMAP1

Louvain

U
M

A
P

2

Translation enlongation

mRNA processing

High mito cluster

Actin filament based process

sgRNA number 

UMAP1

U
M

A
P

2

0

10

20

30

40

50

MDA-MB-231 GWAS MDA-MB-231 GWAS

MDA-MB-231 SMMDA-MB-231 SM

UMAP1

Louvain

U
M

A
P

2

Translation initiation 

Cell cycle G2M checkpoint

High mito cluster

Translation elongation

sgRNA number 

UMAP1

U
M

A
P

2

0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

Supplementary Figure 10 - MDA-MB-231 single cell clustering.
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Supplementary Figure 11 - Local hit comparison in ER+ and ER- cells.
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Supplementary Figure 12 - Comparison between empirical adjustment and boot-
strapping adjustment. 
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