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Supplementary Materials and Methods 

Genomic DNA isolation and genotyping 

High-molecular-weight DNA was isolated from fresh frozen tissue and cell pellets by proteinase K (Sigma-

Aldrich, P6556) lysis and extracted following standard organic phenol-chloroform protocol. Genotyping 

followed either standard 3-step Taq DNA polymerase PCR protocol (Invitrogen, 18038026) 30” 95 °C; 30” 

60 °C; 50” 72 °C for 35 cycles with detection by electrophoresis on 1% agarose gel with ethidium bromide, 

or by multiplex genotyping using standard MyTaq HS Red Mix (Bioline, BIO-25048). Multiplexed samples 

were prepared using 5 μL MyTaq HS Red Mix, 2 μL of primer mix (2 μM of each forward and reverse 

primer), and 3 μL of DNA diluted 1:3 with water, with 10 μL of mineral oil added on top of the reaction 

mix. Samples underwent an initial denaturation for 2 minutes at 98 °C followed by 30-35 cycles of a 2-step 

thermocycling condition of 30 seconds at 98 °C and 4 minutes at 98 °C. Samples were analyzed using a 

capillary electrophoresis device and corresponding software (Qiagen). Genotyping primers are detailed in 

Supplementary Table S2 (1–3). 

 

Sanger sequencing 

Genomic DNA from tumor tissue or cell pellets was amplified using Q5 high-fidelity PCR (New England 

Biolabs, M0492L), and then isolated and purified from 1% agarose gel using Isolate II PCR and gel kit 

(Bioline, BIO-52060). Sequencing was done by Macrogen EZ-seq or by using the BigDye Terminator v3.1 

Cycle Sequencing Kit (Applied Biosystems). All PCR products were sequenced using the forward primer. 

Genotyping primers are detailed in Supplementary Table S2 (1–3). 

 

Southern blot 

Southern blot analysis to analyze K14cre-mediated switching efficiency was performed as previously 

described (1,2). Briefly, 10 μg of tumor DNA was digested overnight with restriction enzymes (Brca1: 
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EcoRV and StuI; Trp53: BglII). Digests were loaded onto 0.8% agarose gel and transferred overnight onto 

Hybond-XL blotting membrane (GE healthcare, 10024394). Twenty-five nanograms of purified PCR probe 

targeting Brca1 exon 14 or Trp53 5’ Xba1 in intron 1 was prepared with standard random primers (Life 

Technologies, 18187-013) and labeled with α-32P-dCTP (PerkinElmer, BLU513H250UC). After overnight 

hybridization with the labeled probe, membranes were washed and later imaged by phosphorimaging. 

Hybridization of the Brca1 exon 14 probe to EcoRV/StuI-digested DNA resulted in a 7 kb band (Brca1+ and 

Brca1F alleles) and a 6 kb band (Brca1Δ5-13), while hybridization of the Trp53 5′ XbaI probe to BglII digests 

resulted in a 18 kb band (Trp53+ and Trp53F alleles) and 9.4 kb band (Trp53Δ2-10). 

 

Histopathology 

Mouse tissues were formalin-fixed in 10% neutral-buffered formalin for 48 hours, embedded in paraffin, 

and sectioned. Sectioned tissues were then stained with hematoxylin and eosin (H&E) or immunostained 

as previously described (4). Slides were digitally captured using the Aperio AT2 digital slide scanner (Leica) 

and processed with Aperio ImageScope software (Leica). Tumor slides were scored in a blinded manner 

by a board-certified veterinary pathologist. Immunohistochemistry quantification of embryo sections was 

performed with Q-Path v0.2.0 (5). Liver and parietal ventricular myocardium were manually annotated by 

a board-certified veterinary pathologist and evaluated using the positive cell detection algorithm with 

standard setup parameters. 
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Supplementary Tables 

Supplementary Table S1:  CRISPR/Cas9 generation of mouse Brca1 p.L1363P 

OLIGONUCLEOTIDES & RECOMBINANT DNA SOURCE IDENTIFIER 

gRNA targeting Brca1 exon 13:  
5’-TTTCCTGCTGCAGCTTTATCagg-3’   

This paper N/A 

ssDNA p.L1363P HDR repair template: 5'-
ACTTTCTTGGTGTTCTTGTTTGGTTTTGCAGCAGCGGGCGACCATG
AAGTATAACCTGATtAAaCccCAGCAGGAAATGGCTCACCTGGAAG
CTGTGCTGGAGCAGCGTGGGAACCAGCCTTCTGGC-3'  

This paper N/A 

ssDNA silent mutation HDR repair template: 5'-
ACTTTCTTGGTGTTCTTGTTTGGTTTTGCAGCAGCGGGCGACCATG
AAGTATAACCTGATtAAatTGCAGCAGGAAATGGCTCACCTGGAAG
CTGTGCTGGAGCAGCGTGGGAACCAGCCTTCTGGC-3' 

This paper N/A 

Plasmid: pX330 Addgene Cat# 42230 

 
 

Supplementary Table S2:  Genotyping primers 

TARGET ALLELES PRIMER SEQUENCES PRIMER SOURCE 
ALLELE 
IDENTIFIER 

Brca1 exons 5-13 
deletion 

Forward, 5’-TCCATGAGCCATTCGAGTTCC-3’ 
Reverse, 5'-TCCCAAGTTACTCGTGGAGC-3' 

Liu et al., 2007 MGI: 3762184 

Brca1 intron 13 
floxed and wild-type  

Forward, 5'-GTGCACTCTCCTCCAACATCA-3' 
Reverse, 5'-TCCCAAGTTACTCGTGGAGC-3' 

Liu et al., 2007 MGI: 3696057 

Brca1 wild-type vs. 
p.L1363P 

Forward, 5’-GTGCACTCTCCTCCAACATC-3’ 
Reverse (WT), 5’-AGCCATTTCCTGCTGCA-3’ 
Reverse (mut), 5’-AGCCATTTCCTGCTGGG-3’ 

This paper N/A 

Brca1 p.L1363P Forward, 5’-GGGCACGCACATGGAGATAA-3’ 
Reverse, 5’-CCCAAGTTACTCGTGGAGCA-3’ 

This paper N/A 

Trp53 exons 2-10 
deletion 

Forward, 5’-CACAAAAACAGGTTAAACCCAG-3’ 
Reverse, 5’-TCTGAGAATCAGTTTATCCTCCCT-3’ 

Jonkers et al., 2001 MGI: 2156651 

Trp53 intron 10 
floxed and wild-type 

Forward, 5’-GGGGAAGTTTGAAGCCTTCAT-3’ 
Reverse, 5’-TCTGAGAATCAGTTTATCCTCCCT-3’ 

Jonkers et al., 2001 MGI: 1931011 

K14cre transgene Forward, 5’-CCTGAAAACTTTGCCCCCTC-3’ 
Reverse, 5’-GATGGGAAAGTGTAGCCTGC-3’ 

Jonkers et al., 2001 MGI: 2177243 

β-actin-cre transgene Forward, 5’-CGATGCAACGAGTGATGAGGTTC-3’ 
Reverse, 5’-GCACGTTCACCGGCATCAAC-3’ 

Vooijs et al., 2001 N/A 
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Supplementary Figure S1. Generation of Brca1 p.L1363P (FVB) mouse model. 

(A) Schematic of CRISPR/Cas9-mediated homologous recombination repair (HRR) gene editing used to 

introduce the Brca1 p.L1363P point mutation into FVB mice via zygote injections. (B) Electropherogram 

of Brca1 wild-type and Brca1 p.L1363P DNA sequences. (C) Quantification of immunohistochemical (IHC) 

staining in E13.5 Brca1L1363P/+;Trp53Δ/+ (LP/+;Δ/+) and Brca1L1363P/L1363P;Trp53Δ/+ (LP/LP;Δ/+) mouse 

embryonic heart and liver. IHC analysis was done for cleaved caspase-3 (CC3) and Ki-67 expression, 

markers of apoptosis and proliferation, respectively. Error bars indicate SD (n=4 per group). *P=0.0286 

(Mann-Whitney U-test). 
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Supplementary Figure S2. Brca1 p.L1363P MEFs have a functional HRR defect. 

Representative immunofluorescence images of RAD51 IRIF in γ-irradiated +/+, Δ11/Δ11, LP/+, and LP/LP 

MEFs. Scale bar indicates 20 μm.  
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Supplementary Figure S3. Brca1 p.L1363P MEFs are sensitive to HRR deficiency-targeted drugs.  

(A) IC50 values from Figure 2D clonogenic survival assay in +/+, Δ11/Δ11, LP/+, and LP/LP MEFs treated 

with cisplatin. Data represent the mean ± SEM from one independent experiment plated in triplicate. P 

value summaries are relative to +/+. ***P=0.0005; ****P<0.0001 (Ordinary one-way ANOVA with Dunn's 

Multiple Comparison Test). (B) IC50 values from Figure 2E clonogenic survival assay in +/+, Δ11/Δ11, LP/+, 

and LP/LP MEFs treated with AZD2461 PARP inhibitor. Data represent the mean ± SEM from one 

independent experiment plated in triplicate. P value summaries are relative to +/+. **P=0.0011 

(Δ11/Δ11); **P=0.0022 (LP/LP 5); **P=0.0012 (LP/LP 7) (Ordinary one-way ANOVA with Dunn's Multiple 

Comparison Test). (C, D) Plate images from a clonogenic survival assay in MEFs treated with cisplatin (D) 
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and AZD2461 (E). Each condition was plated in triplicate. MEFs were fixed and stained with crystal violet 

six days after treatment. One representative well per condition is shown.  
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Supplementary Figure S4. KB1(L1363P)P mammary tumor development and molecular characterization. 

(A) Tumor-related survival curves for KB1(L1363P)P mice compared to KB1P, KB1hetP, and 

KB1(L1363P)hetP mice showing the incidence and spectrum of spontaneous tumor formation. Tumor 

types for individual mice are indicated by the colored circles. Median tumor-free latencies (T50) and 

statistical analyses are detailed in main article Figure 3A. (B) Representative images of Haemotoxylin and 

Eosin (H&E)-stained KB1P and KB1(L1363P)P mammary tumor sections show morphological differences 

of tumor histological types. Adenocarcinomas display a solid growth pattern, sarcomatoids have a spindle-

like morphology, and carcinosarcomas retain both epithelial and mesenchymal components in a gradient 

or biphasic manner. Scale bar indicates 25 μm. (C) KB1(L1363P)P mammary tumors show a prevalence of 

mesenchymal cells. The bar graph displays the histological score as the ratio of epithelial cells versus 

mesenchymal cells in all spontaneous KB1P (n=28) and KB1(L1363P)P (n=30) mammary tumors. (D) 

Representative IHC images of KB1(L1363P)P mammary tumors for each histological type, showing 

cytokeratin 8 (K8; epithelial marker), vimentin (mesenchymal marker), estrogen receptor alpha (ER), and 

progesterone receptor (PR). Scale bar indicates 25 μm. (E, F) Multiplex PCR genotyping results for Brca1 

(E) and Trp53 (F) wild-type (+), floxed (F), and deletion (; Brca1 exons 5-13 or Trp53 exons 2-10) alleles 

from a panel of spontaneous KB1(L1363P)P mammary tumors. Numbers represent individual mammary 

tumors, followed by the indicated allele and water controls. Histological type is marked above as 

adenocarcinoma (ad), carcinosarcoma (c/s), or sarcomatoid (sarc) and is detailed as follows: tumor 7.2 

adenocarcinoma (100% epithelial); tumors 4 and 6 carcinosarcomas (2% and 95% epithelial, respectively); 

tumors 7 and 9 sarcomatoids (0% epithelial). (G) Southern blot analysis on mammary tumor DNA to detect 

K14cre-mediated deletion of Brca1 and Trp53. The panel includes a series of KB1P mammary tumors and 

the aforementioned KB1(L1363P)P mammary tumors, preceded by the indicated Brca1 allele controls 

from Trp53-proficient mammary tumors. Single Brca1Δ and Trp53Δ bands indicate complete Cre-mediated 

deletion of the respective genes. Brca1LP represents the constitutive Brca1 p.L1363P allele in 
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KB1(L1363P)P tumors. Individual mammary tumors are numerically labelled and histological status of each 

tumor is indicated by label color. 
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Supplementary Figure S5. KB1(L1363P)P mammary tumors show limited genomic instability consistent 

with histological type. 

(A) Example copy number profiles of KB1P and KB1(L1363P)P mammary tumor DNA by histological type 

show a more stable genomic profile for mesenchymal sarcomatoid tumors compared to epithelial 

adenocarcinomas. (B) Unsupervised clustering of segmented DNA copy number data from KB1P, KB2P, 

KP, and KB1(L1363P)P mammary tumors. While no unique clustering is observed by tumor genotype, 

tumors with mesenchymal histology cluster with flatter copy number profiles. (C) Unsupervised 

hierarchical clustering of mRNA expression in KB1P, KB2P, KP, and KB1(L1363P)P mammary tumors 

showing the top 1,000 most variable genes. Clustering of expression profiles seems to associate with 

histological type more than genotype. Calculated epithelial-mesenchymal transition (EMT) scores based 

on a 494-gene EMT signature provide quantitative assessment of EMT phenotypes to further support this 

histology-based separation of epithelial and mesenchymal expression profiles. (D) Unsupervised 

hierarchical clustering of mRNA expression in KP and KB1(L1363P)P mammary tumors showing the top 

1,000 most variable genes. Detailed histological classification based on the epithelial contribution (relative 

percentage of epithelial versus mesenchymal cells) for each tumor reinforces the observed epithelial 

clustering. Histological type abbreviations in S5B-S5D denote adenocarcinoma (adeno), carcinosarcoma 

(c/s), and sarcomatoid (sarc). 
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Supplementary Figure S6. Treatment response of KB1(L1363P)P mammary tumors. 

(A, B) Multiplex PCR genotyping results for Brca1 (A) and Trp53 (B) wild-type (+), floxed (F), and deletion 

(; Brca1 exons 5-13 or Trp53 exons 2-10) alleles in spontaneous KB1(L1363P)P mammary tumor 

donors used for orthotopic transplantations. Individual tumors are labelled, followed by the indicated 

allele and water controls. Histological type for donor tumors is annotated above as adenocarcinoma (ad), 

carcinosarcoma (c/s), or sarcomatoid (sarc), and detailed as follows: transplant donor tumor Tx7.2 

adenocarcinoma (100% epithelial); Tx6, Tx21, and Tx40 carcinosarcomas (95%, 98%, 90% epithelial, 

respectively); Tx9 sarcomatoid (0% epithelial). (C) Waterfall plot of tumor volume response to AZD2461 

treatment. The plot displays the percent change in tumor volume from lowest treatment volume to final 

tumor volume after 29 days of treatment (day 28) or at end-point volume before treatment day 28 for 

individual KP (n=13), KB1P (n=14), and KB1(L1363P)P (n=21) mice. (D-F) Comparison of KP, KB1P, and 

KB1(L1363P)P mammary tumor growth in response to no treatment (D), cisplatin (E), and AZD2461 (F) 

treatment conditions. The y-axis dotted line denotes 200 mm3 for T0 treatment start. Cohort details are 

specified in main article Figure 4C-E, respectively. (G-I) Individual mammary tumor growth curves of KP 

(G), KB1P (H), and KB1(L1363P)P (I) intervention mice by treatment. The y-axis dotted line denotes 200 

mm3 for T0 treatment start. Cohort details are specified in main article Figure 4F-H, respectively.  


