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Supplementary Figure 1 Quality control and cell type annotation of scRNA-seq used 

in the study. (a) QC parameters and number of cells for each of the individual scRNA-seq 

samples including the gestation data from Figure 3. The violin plots are scaled by width and 

the line represents the median. (b) Similar to Figure 1C UMAP facetted by the different 

conditions. Coloured by condition. (c) Expression of marker genes that were used during cell 

type annotation. 
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Supplementary Figure 2 PC1 represents tumourigenesis. (a) Conceptual overview of the reordering of samples.
Top panel depicts biological age of the sample with each dot representing one sample coloured by age. 
Bottom panel shows distribution of samples along PC1 coloured by age; the x-axis represents the process
of tumourigenesis. (b) Correlation of age of the samples with PC1. Correlation represents the pearson moment
correlation coe�cient and the P value is derived from a two-sided test. (c) Gene set enrichment analysis for GO-Terms
of genes with a negative loading below –0.02. (d) Projection of pseudo-bulked scRNA-seq samples from two 
42-week-old Blg-Cre; Brca1f/f; p53+/+ animals, that also develop TNBC albeit with much longer latency19 
onto the PCA space from Figure 1b. These samples received low PC1 values and were substantially older than other
 mice in the same bin, supporting the notion that PC1 represents tumour formation and that this is delayed in 
Blg-Cre, Brca1f/f;p53+/+ animals.
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Supplementary Figure 3 Aberrant differentiation of luminal progenitors during 

tumourigenesis. (a) Same as in Figure 2B but with full annotation of all cell types. (b) 

UMAP as in Figure 1C with full cell type annotation. (c) Wholemounts of Blg-Cre; 

Brca1f/f; p53+/- animals showing aberrant differentiation. (d) Gene set enrichment 

analysis of samples with high CSN2 expression against all other samples. (e) Ki67 

expression as an indicator of proliferative state in the various cell types found in the 

mouse samples. 

 



Wildtype Brca1/p53
Supplementary Figure 4

Supplementary Figure 4 Fragment size distribution of processed ATAC-Seq reads from wildtype and 
Blg-Cre; Brca1f/f; p53+/- samples. Enrichment of nucleosome-free (~100bp) and mono-nucleosome-bound 
fragments (~200bp) for the samples shown in Figure 2.
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Supplementary Figure 5

Supplementary Figure 5 The aberrant di�erentiation of luminal progenitors in the context of gestation. 
(a,b) UMAP before integration of the various batches (a) and after integrating the data with fastMNN 
(b). (c) Di�erential gene expression between gestation samples (14.5dG for Basal and LpAv, 9.5dG for Hs due to the
 lack of Hs cells at 14.5dG) and nulliparous samples. Positive logFC indiciates up-regulation during gestation. 
(d) mRNA expression z-Scores relative to all samples from the METABRIC study. X-axis depicts grouping into 
PAM50 + claudin low subtypes of 2509 cancer samples. The central line in the boxplot represents the median,
the lower and upper hinges correspond to the �rst quartiles and the whisker extends from the hinge to the
smalles/largest value no further than 1.5 x IQR from the hinge.
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Supplementary Figure 6

Supplementary Figure 6 Aberrant di�erentiation of luminal progenitor cells is accompanied by an altered 
micro-environment with tumour promoting characteristics. (a,b) CellphoneDB results for selected interactions
from Hs cells to LpAv (a) and LpAv to Hs (b). The size of the dots corresponds to the FDR corrected P-Value and
the colour to the mean expression of ligand and receptor. (c) Same data as presented in Figure 4C displayed as
mean expression and frequency of expression per sample. (d) Marker gene expression for immune cells. 
(e) Gene expression of Spp1 as in Figure 4 including the tumour samples, expression scaled to 0-1.



a

M
o1

M
o2

M
o3

Tam
1

Tam
2

Rgs1
Ivns1abp
Dst
Acp5
Sema4d
Havcr2
Vcam1
Dnase1l3
Mmp12
H2-M2
Dcstamp
Tbc1d10a
Gpr137b
Pdgfa
Gpr183
Igsf8
Tspan13
Il7r
Gpr137b-ps
Gsr
Spp1
AA467197
Tgm2
Arg1
Fn1
Pdpn
Slc7a2
Slc16a3
Thbs1
Ero1l
Trem2
Tpi1
Gm10709
Gapdh
Pkm
Eno1
Aldoa
Pgam1
Ldha
Mif
Prelid1
Cd72
Ly6a
Fcgr4
Ptpn6
Fam26f
Ms4a7
Ly86
Fyb
AW112010
Hexb
Apoe
Fcer1g
C1qc
Lgmn
C1qa
B2m
C1qb
Ctss
Cyba
Aif1
Gmfg
Jun
Ier2
Rhob
Tpt1
Plek
Cstb
Mt1
Ahnak
Cd36
Cxcl2
Lmna
Sqstm1
Cd44
Eif4e
Bach1
Oasl1
Ma�
Map2k3
Mdm2
Hmox1
Emp1
Rgl1
Cxcl1
Klf2
Hspa1a
Nfxl1
Maf
Clec4b1
Egr1
Wwp1
Ap2a2
Hspa1b
Hpgd
Gpr34

b

Hits (%)

DNA−binding transcription factor activity, RNA polymerase II−specific

DNA−binding transcription factor activity

transcription regulator activity

DNA−binding transcription activator activity, RNA polymerase II−specific

protein binding involved in protein folding

misfolded protein binding

RNA polymerase II regulatory region sequence−specific DNA binding

RNA polymerase II regulatory region DNA binding

clathrin binding

transcription regulatory region sequence−specific DNA binding

disordered domain specific binding

sequence−specific double−stranded DNA binding

cargo receptor activity

ubiquitin protein ligase binding

ubiquitin−like protein ligase binding

double−stranded DNA binding

transcription regulatory region DNA binding

regulatory region nucleic acid binding

transmembrane signaling receptor activity

G protein−coupled receptor activity

sequence−specific DNA binding

0 10 20 30

G
O

 te
rm

2.5

3.0

3.5

-log10(P)

Mo1
binding
cytokine receptor binding
protein binding
chemokine receptor binding
chemokine activity
ion binding
cytokine activity
receptor ligand activity
CCR chemokine receptor binding
receptor regulator activity
enzyme binding
DNA−binding transcription activator activity, RNA polymerase II−specific
sequence−specific DNA binding
G protein−coupled receptor binding
signaling receptor binding
kinase binding
RNA polymerase II regulatory region sequence−specific DNA binding
transcription factor binding
RNA polymerase II regulatory region DNA binding
transcription regulatory region sequence−specific DNA binding
carbohydrate derivative binding
zinc ion binding
sequence−specific double−stranded DNA binding
heterocyclic compound binding
DNA−binding transcription factor activity, RNA polymerase II−specific
double−stranded DNA binding
protein kinase binding
organic cyclic compound binding
transition metal ion binding
chromatin DNA binding
nucleoside binding
metal ion binding
mitogen−activated protein kinase binding
cation binding
DNA−binding transcription factor activity
ribonucleoprotein complex binding
GTP binding
transcription regulatory region DNA binding
ribonucleoside binding
purine ribonucleoside binding
active transmembrane transporter activity
purine ribonucleoside triphosphate binding
DNA binding
purine nucleoside binding
guanyl nucleotide binding
guanyl ribonucleotide binding
regulatory region nucleic acid binding
proximal promoter sequence−specific DNA binding
death receptor binding
anion binding

0 20 40 60 80
Hits (%)

G
O

 te
rm

3
4
5
6
7

Mo2

Hits (%)

signaling receptor activity

transmembrane signaling receptor activity

molecular transducer activity

modified amino acid binding

cytokine receptor activity

ion binding

metalloendopeptidase activity

guanyl−nucleotide exchange factor activity

phosphatidylserine binding

sterol binding

collagen binding

lipid binding

anion binding

metallopeptidase activity

lipase activity

binding

0 20 40 60 80

G
O

 te
rm

3
4
5
6

Mo3
structural constituent of ribosome
structural molecule activity
rRNA binding
electron transfer activity
protein disulfide oxidoreductase activity
cytochrome−c oxidase activity
heme−copper terminal oxidase activity

disulfide oxidoreductase activity
oxidoreductase activity, acting on a heme group of donors
oxidoreductase activity
oxidoreductase activity, acting on a sulfur group of donors
large ribosomal subunit rRNA binding
proton transmembrane transporter activity
peroxidase activity
5S rRNA binding
oxidoreductase activity, acting on peroxide as acceptor
RNA binding
ubiquinol−cytochrome−c reductase activity
oxidoreductase activity, acting on diphenols and related substances as donors
oxidoreductase activity, acting on diphenols and related substances as donors, cytochrome as acceptor
monovalent inorganic cation transmembrane transporter activity
peptide disulfide oxidoreductase activity
translation elongation factor activity
antioxidant activity
proton−transporting ATP synthase activity, rotational mechanism
extracellular matrix structural constituent
small ribosomal subunit rRNA binding

oxidoreductase activity, acting on a heme group of donors, oxygen as acceptor

0 5 10 15
Hits (%)

G
O

 te
rm

5

10

15

20

Tam1

MHC protein binding
peptide antigen binding
peptidase activity
immunoglobulin receptor activity
endopeptidase activity
IgG binding
antigen binding
MHC class I protein binding
peptide binding
threonine−type endopeptidase activity
threonine−type peptidase activity
hydrolase activity
immunoglobulin binding
peptidase activity, acting on L−amino acid peptides
TAP binding
amide binding
CD8 receptor binding
cysteine−type endopeptidase activity
transmembrane signaling receptor activity
copper ion binding
beta−2−microglobulin binding
T cell receptor binding
endonuclease activity
exopeptidase activity

0 5 10 15 20
Hits (%)

G
O

 te
rm

3
4
5
6

Tam2

-log10(P)

-log10(P)

-log10(P)

-log10(P)

0 Max

Supplementary Figure 7



Supplementary Figure 7. Gene expression of the five macrophage populations. (a) Top 

genes differentially expressed between the five populations across all samples. (b) 

Molecular Function GO-Terms enriched in genes up-regulated against all other 

macrophages for each cluster at FDR <0.1. 
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Supplementary Figure 8

Supplementary Figure 8. Gating strategy used for mouse samples on the FACS Aria Fusion sorter. 
Representative plots showing the gating strategy used to select live, lineage negative, 
single cells in the mouse luminal and basal mammary epithelium, based on EpCAM and Cd49f staining of single
cell preparations from lymph node divested mammary glands. FSC-W: forward scatter width,
FSC-A: forward scatter area, SSC-A: side scatter area. Luminal di�erentiated and progenitor cells were identi�ed
based on Cd49b and Sca1 staining (Cd49b-, di�erentiated; Cd49b+ Sca1+ and Cd49b+ Sca1-, luminal progenitors).
The arrows indicate sequential gating. This gating strategy was used in Figure 2g.
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Supplementary Figure 9. Gating strategy used for human samples on the FACS Aria Fusion sorter. 
Representative plots showing the gating strategy used to select live, lineage negative, single luminal
progenitor cells based on EPCAM and CD49F staining of single cell preparations.
FSC-W: forward scatter width, FSC-A: forward scatter area, SSC-A: side scatter area.
The arrows indicate sequential gating. This gating strategy was used in Figure 2h.
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Supplementary Figure 10

Supplementary Figure 10. Expression of transcriptional regulators of alveologenesis in tumours. 
(a) Expression of selected transcription factors across the various epithelial compartments. 
(b) mRNA expression z-Scores relative to all samples from the METABRIC study. X-axis depicts grouping 
into PAM50 + claudin low subtypes of 2509 cancer samples. The central line in the boxplot represents the median,
the lower and upper hinges correspond to the �rst quartiles and the whisker extends from the hinge to the
smalles/largest value no further than 1.5 x IQR from the hinge.


