Cell Culture
MDA-MB-231 (RRID:CVCL_0062), CAL-51 (RRID:CVCL_1110), CAL-120 (RRID:CVCL_1104), BEN (RRID:CVCL_1082), GP2d (RRID:CVCL_2450), HCT116 (RRID:CVCL_247), U251MG (RRID:CVCL_0021), and 293T (RRID:CVCL_0063) cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) (Gibco); BT-549 (RRID:CVCL_1092) and OACM5.1 C (RRID:CVCL_JX13)  cells were cultured in RPMI (Gibco); MDA-MB-468 (RRID:CVCL_0419) were cultured in Leibovitz’s L-15 media (Thermofisher). All cells were supplemented with 10% foetal bovine serum (FBS) (Gibco), 1% L-Glutamine (Gibco), 50U/ml penicillin (Gibco) and 50µg/ml streptomycin (Gibco). BT-549 cells were also supplemented with 0.023U/ml insulin (Merck). U251 MG cells were supplemented with 1% non-essential amino acids (Gibco) and 1mM sodium pyruvate (Gibco).  MDA-MB-468  cells were grown in a 37°C incubator without CO2. shRNA mediated knockdown of MYBL2 was induced by addition of 1µg/ml doxycycline (Merck). MCF10A cells (RRID:CVCL_0598) were cultured in DMEM/F-12 (Gibco) supplemented with 5% horse serum (Gibco), 20ng/ml EGF (Peprotech), 500ng/ml hydrocortisone (Merck), 100ng/ml cholera toxin (Merck), 10µg/ml insulin (Merck), 50U/ml penicillin (Gibco) and 50µg/ml streptomycin (Gibco).   Cell lines were obtained from ATCC/DSMZ and tested negative for mycoplasma contamination. Cell lines were authenticated by STR profiling. 

Generation of lentiviral plasmids containing MYBL2 full length or truncated versions of MYBL2
pHAGE-2-EF1a-Nterm truncated Mybl2-Linker-HA-SPA-EF1a-AmCyan, or pHAGE-2-EF1a-Cterm truncated Mybl2-Linker-HA-SPA-EF1a-AmCyan were generated from pHAGE-2-EF1a-Mybl2-Linker-HA-SPA-EF1a-AmCyan (1). These plasmids contain mouse MYBL2 to avoid the silencing of human orthologs as human BC cell lines had been engineered with human MYBL2 shRNA. The N-terminal truncated version contains a 409 bp deletion between BmgBI (cuts at 50) and BstEII (cuts at 459) sites at the N-terminal of the protein. The C-terminal truncated version is 501bp truncated from the RsrII restriction enzyme site (cuts at 1599).
Generation of stable cell lines
Stable cell lines were generated via lentiviral infection of mammary (MCF10A) or breast cancer (MDA-MB-231 and CAL-51) cells. For lentiviral production, 293T cells (RRID:CVCL_0063) were transfected with pTRIPZ Inducible Lentiviral Negative shRNA Control (Horizon Discovery), pTRIPZ Inducible Lentiviral Human MYBL2 shRNA ORF (Horizon Discovery), pTRIPZ Inducible Lentiviral Human MYBL2 shRNA 3’UTR (Horizon Discovery), pHAGE-2-EF1a-AmCyan (1), pHAGE-2-EF1a-Mybl2-Linker-HA-SPA-EF1a-AmCyan (1), pHAGE-2-EF1a-N term truncated Mybl2-L-HA-SPA-EF1a-AmCyan or pHAGE-2-EF1a-C term truncated Mybl2-L-HA-SPA-EF1a-AmCyan, along with packaging vectors using trans-IT. Cells were cultured for 48 hours before harvesting and concentration of viral supernatant. Cells were transduced via centrifugation at 1500RPM for 2 hours at 32°C with viral supernatant containing 5µg/ml (MCF10A) or 8µg/ml (MDA-MB-231 and CAL-51) polybrene (Merck). Where appropriate cells were selected with 2µg/ml puromycin followed by sorting of RFP+ or AmCyan+ cells. For RFP expressing vectors the MOI was 10 and for AmCyan expressing vectors the MOI was 2.5. To generate MDA-MB-231 cells expressing luciferase for in vivo imaging, CMV-Luciferase (Bsd) lentiviral particles (amsbio) were transduced using the same method. The MOI used was 2 and cells were selected using 8µg/ml blasticidin. Luciferase activity was confirmed using the Luciferase Assay System (Promega) according to the manufacturer’s instructions. 
To generate MDA-MB-231 MYBL2shRNA_POLQ-GFP an eGFP-POLQ piggybac transposon plasmid was transfected into the cells using Lipofectamine (Life Technologies). PiggyBAC eGFP-PolQ-FLAG P2A-BLAST plasmid (2) was a gift from Raphael Ceccaldi (institute Curie, Paris, France).
siRNA transfection
SMARTPool siRNA targeting human ZEB1 (Horizon Discovery) was transfected into cells using Oligofectamine (Life Technologies) at a final concentration of 100nM. An siRNA targeting luciferase (Horizon Discovery) was used as a control. Cells were harvested for analysis 72h after transfection.
Mammosphere assay 
Cell lines were detached from culture flasks using TrypLe (Gibco) and PDX tumour cells were dissociated using the human tumour dissociation kit (Miltenyi) according to the manufacturer’s instructions. Single cell suspensions were made by passing cells through a 25G needle and the number of live cells determined by tryphan blue exclusion. Cells were plated on pHEMA coated 6 well plates at a density of 3000 cells/well for CAL-51 (RRID:CVCL_1110), 4500 cells/well for MDA-MB-231 (RRID:CVCL_0062), and MCF10A (RRID:CVCL_0598), and 4750 cells/well for PDX cells. Cells were cultured for five (CAL-51, MDA-MB-231 and MCF10A) or seven days (PDXs) at 37°C. For MDA-MB-231, CAL-51 and PDXs, cells were cultured in DMEM/F12 phenol red free (Gibco) supplemented with B27 minus Vitamin A (Invitrogen), 20ng/ml EGF (Peprotech), and 50U/ml penicillin (Gibco) and 50µg/ml streptomycin (Gibco). For MCF10A, cells were cultured in DMEM/F12 phenol red free (Gibco) supplemented with B27 minus Vitamin A (Invitrogen), 20ng/ml EGF (Peprotech), 500ng/ml hydrocortisone (Merck), 100ng/ml cholera toxin (Merck), 10µg/ml insulin (Merck), 50U/ml penicillin (Gibco) and 50µg/ml streptomycin (Gibco). For drug treatments, 2.5µM ART558, 100nM AZ20, 2.5µM ART6043 or 2.5µM ART0380 were added on the day of seeding. Mammospheres >50µm were counted using an EVOS XL Core Imaging System (Thermofisher Scientific) and STEMgrid (STEMCELL Technologies). For secondary mammosphere formation, primary mammospheres were disaggregated into a single cell suspension using TrypLe (Gibco) followed by passing through a 25G needle. Cells were plated as for primary mammosphere formation and counted as previously. Counts were expressed as mammosphere forming unit (MFU).
Isolation of anoikis resistant cells 
Cells were plated at a density of 900 cells/cm2 on poly (2-hydroxyethyl methacrylate) (pHEMA) (Merck) coated dishes and cultured overnight at 37°C in the same medium used for the mammosphere assay. Anoikis resistant cells were purified using the Dead Cell Removal kit (Miltenyi) according to the manufacturer’s instructions. 
Isolation of CD24low/CD44+ cells
CD24low/CD44+ cells were purified sequentially using the CD24 Microbead kit (130-095-951 Miltenyi) followed by the CD44 Microbeads (130-095-194 Miltenyi). Enrichment was determined by staining cells with anti-human CD24 Pe-Cy7 (M1/69; RRID:AB_10870791) and anti-human CD44 APC-e780 (IM7; RRID:AB_1272244) (Invitrogen) and performing flow cytometry analysis using a BD LSR Fortessa X-20 (BD Biosciences).
ALDEFLUOR assay
ALDEFLUOR assay (STEMCELL Technologies) was carried out according to the manufacturer’s instructions by incubating the ALDEFLUOR dye with 1x105 cells per sample for 30 minutes at 37°C. 
BrdU assay
Cells were cultured in the presence of 25µM 5-bromo-2-deoxyuridine (BrdU) (Merck) and harvested for fixation in 75% ethanol for 30 minutes at 4°C. Cells were rehydrated in PBS for 20 minutes at RT and denatured using 2N HCl for 20 minutes at RT. Cells were washed twice in PBS and twice in 5% FBS/0.1% NaN3/0.1% Triton-X 100/PBS before incubation for 50 minutes at RT with FITC Mouse Anti-BrdU or FITC Mouse IgG1 κ Isotype Control (556028 BD Biosciences). Cells were washed twice with PBS, and incubated with 1:100 dilution of 7-AAD (559925 BD Biosciences, RRID:AB_2869266) and 100µg/ml RNAse A (Merck) for 30 minutes. Flow cytometry was performed using a BD LSR Fortessa X-20 (BD Biosciences).

Colony survival assay 
Bulk or anoikis resistant MCF10A, CAL-51, BT-549, MDA-MB-468, CAL-120 or MDA-MB-231 cells were plated at low density and exposed to different concentrations of Olaparib (Selleckchem), ART558 (Artios Pharma Limited) or AZ20 (Selleckchem). For experiments using doxycycline inducible shRNA-mediated knockdown medium was refreshed every 2-3 days. After 10 days, colonies were fixed and stained with 0.5% crystal violet (Merck) in ddH2O. Colony counts are expressed as percentage survival when compared to cells treated with DMSO. In the case of non-TNBC lines, bulk cells at low density were exposed to different concentrations of ART558 (Artios Pharma Limited) and colonies counted after 10 days as above.
Western blotting
Cells were lysed in lysis buffer (20mM Tris pH 7.4/10mM EDTA/100mM NaCl/1% Triton-X 100) containing protease and phosphatase inhibitors. Protein extracts were clarified via centrifugation and protein concentration determined using a Bradford reagent (Bio-Rad). 50µg protein extract was separated by SDS-PAGE and transferred to a PVDF membrane via a wet transfer system (Bio-Rad). Membranes were blocked for 1 hour at RT with 5% dried milk/TBST, incubated with primary antibodies diluted in 5% dried milk/TBST overnight at 4°C and then HRP-conjugated secondary antibodies diluted in 5% dried milk/TBST for 1 hour at RT. Protein signals were visualised using ECL detection reagents (GE Healthcare). 
RNA extraction, cDNA and qPCR
RNA was extracted using the RNeasy mini or micro kits (Qiagen) according to the manufacturer’s instructions, including the removal of contaminating genomic DNA through treatment of samples with RNAse-free DNAse (Qiagen). Reverse transcription to generate cDNA was performed using the SuperScript VILO cDNA Synthesis Kit (ThermoFisher Scientific) according to the manufacturer’s instructions. qPCR was carried out using TaqMan probes (ThermoFisher Scientific) and TaqMan Gene Expression Master mix (Applied Biosystems) or KiCqStart SYBR Green Primers (Merck) and PowerUp SYBR Green Master Mix (Applied Biosystems), all according to the manufacturer’s instructions. Beta-2 microglobulin was used as a control to standardise samples.    
Immunofluorescence 
Anoikis resistant MCF10A, CAL-51 and MDA-MB-231 cells were grown on glass coverslips. Alternatively, mammospheres generated from MCF10A, CAL-51 and MDA-MB-231 cells were disaggregated into a single cell suspension using TrypLe (Gibco) followed by passing through a 25G needle. Single cell suspensions were cytospun onto glass coverslips. Cells were irradiated with 3Gy of ionising radiation or treated with 10µM cisplatin to induce DNA damage. For detection of Rad52 and Polθ foci, anoikis resistant cells were transfected with 2.5µg pcDNA 3.1(Hygro) myc-hPolQ-Flag plasmid (3) or RAD52-YFP (4) and incubated for 24 hours prior to induction of DNA damage. At indicated time points, cells were permeabilised with nuclear extraction buffer (20mM NaCl/3mM MgCl2/300mM sucrose/10mM PIPES/0.5 % Triton X-100, pH 6.8) for 5 minutes on ice, followed by fixation in 4% PFA for 10 minutes at RT. Cells were washed three times in PBS and blocked for 1 hour at RT with 10% FBS/PBS. Antibody staining was carried out as described previously (5). Images were captured using a Leica DM6000B microscope at 40x magnification and foci numbers counted using LAS X software (Leica).  RAD52-YFP plasmid was a generous gift from Jiri Lukas (University of Copenhagen, Denmark).
DNA fibre analysis
S1 DNA fibre analysis was carried out as described previously with minor modifications (6). Anoikis resistant cells were cultured in the presence of 25µM chlorodeoxyuridine (CIdU) (Merck) for 20 minutes at 37°C. Cells were washed two times in PBS and cultured in the presence of 250µM iododeoxyuridine (IdU) (Merck) for 60 minutes at 37°C. Cells were washed two times in PBS and permeabilised using CSK100 buffer (100mM NaCl/10mM HEPES/3mM MgCl2/300mM sucrose/0.5% Triton-X 100) for 10 minutes at RT. Nuclei were incubated with S1 buffer -/+ 20U/ml S1 nuclease (ThermoFisher Scientific) for 20 minutes at 37°C. Cells were removed from wells using a cell scraper, centrifuged and resuspended in PBS at 1500 cells/µl. Fibre spreading and immunostaining were carried out as described previously (7). Images were captured using a Leica DM6000B microscope at x40 magnification and fibre lengths measured using LAS X software (Leica). 
Chromatin Immunoprecipitation
Chromatin immunoprecipitation was carried out as described previously (8). Briefly, bulk or anoikis resistant MDA-MB-231 cells were crosslinked with 1% formaldehyde and neutralized using 0.125M glycine. Cells were lysed, nuclei isolated and sonicated to shear DNA to 300-1000bp fragments. Samples were pre-cleared with mouse immunoglobulins (sc-2025 Santa Cruz Biotechnology) and chromatin was co-immunoprecipitated with 5µg of anti-MYBL2 antibody (sc-390198X Santa Cruz Biotechnology) or anti-mouse immunoglobulin antibody (sc-2025 Santa Cruz Biotechnology) overnight at 4°C while rotating. Protein-DNA complexes were incubated with Protein G magnetic beads (Pierce) for 3 hours at 4°C while rotating. Samples were washed and complexes eluted from the beads, crosslinks were reversed and proteinase K treatment performed. DNA was purified using a QIAquick PCR Purification Kit (Qiagen) and quantified using a Nano Drop 2000 (ThermoFisher Scientific). ChIP efficiency was measured using qPCR. Samples were compared to input chromatin and quantified through comparison to immunoglobulin samples.  
Luminescence-based DNA repair assays. 
DNA repair reporter substrates (Artios Pharma Limited) have been engineered to express a functional NanoLuciferase reporter protein only when HR, NHEJ, SSA or TMEJ have been correctly performed (9-11). Plasmids were cotransfected with a Firefly vector (pGL4.50[luc2/CMV/Hygro], Promega) to provide a control for transfection efficiency and cell density. Anoikis resistant CAL-51, MDA-MB-231 or MCF10A cells were seeded into white 96 well tissue culture plates (ThermoFisher Scientific) at a density of 1x104 (MDA-MB-231 and CAL-51) or 2x104 (MCF10A) cells/well for 24 hours at 37°C. Each well was transfected with 5µl optimem, 0.25µl Lipofectamine 3000, 0.2µl P3000 reagent (ThermoFisher Scientific) and the appropriate plasmid combinations according to the manufacturer’s instructions. These included (1) 80ng HR reporter + 25ng Firefly, (2) 20ng NHEJ reporter + 25ng Firefly, (3) 40ng SSA reporter + 25ng Firefly, or (4) 20ng TMEJ reporter + 80ng Firefly. After 24 hours, Firefly and NanoLuciferase levels were determined using the Nano-Glo Dual-Luciferase Reporter system (Promega) according to the manufacturer’s instructions. Luminescence was measured using a GloMax Explorer plate reader (Promega) using the luminescence setting using a 1 second integration time. Nanoluciferase signal was normalised to Firefly signal and results are expressed through comparison to the appropriate experimental control (shCTRL or AmCyan).    

POLQ promotor activity assay 
A plasmid containing the PolQ promoter was generated by replacing the phosphoglycerate kinase (PGK) promoter in the parental plasmid pNL1.1.PGK[NLuc/PGK] (Promega) with a POLQ promoter sequence containing two predicted MYBL2-binding sites (975bp). The PGK promoter was excised from the pNL1.1.PGK[NLuc/PGK] vector by double digestion with Acc65I and HindIII, generating a linearized backbone of 2051 bp. The POLQ promoter fragment was amplified by PCR from human genomic DNA with forward primer 5′-TTCTCTGGCCTAACTGGCCGGCTAGCTTACAGTAGATACTCAGTAAATAG-3′; reverse primer 5′-CCAACAGTACCGGATTGCCAGGCAAACTCTTCTCGGCC-3′. The amplified POLQ promoter fragment was inserted into the digested pNL1.1.PGK[NLuc/PGK] backbone using the NEBuilder® HiFi DNA Assembly Master Mix (New England Biolabs). MYBL2 sites were mutated using the direct mutagenesis kit from NEB using the following primers:  MYBL2 site at -723bp: Forward primer 5’GCACAGCCTCTTCAG 3’; Reverse primer: 5’ TCTAGAGCACTAAAAATCTC3’MYBL2 site at -171 bp Forward primer: GTATGGTTATGGCTGTAGATTCTGTATTCTTC3’; Reverse primer: 5’ TGA CCTAAAAGCCTTCCTTC’. The plasmid was cotransfected with a Firefly vector (pGL4.50[luc2/CMV/Hygro], Promega) to provide a control for transfection efficiency and cell density. MDA-MB-231 cells were seeded into white 96 well tissue culture plates (ThermoFisher Scientific) at a density of 2x104 cells/well for 24 hours at 37°C. Each well was transfected with 5µl optimem, 0.25µl Lipofectamine 3000, 0.2µl P3000 reagent (ThermoFisher Scientific) and 80 ng of plasmid. After 24 hours, Firefly and NanoLuciferase levels were determined using the Nano-Glo Dual-Luciferase Reporter system (Promega) according to the manufacturer’s instructions. Luminescence was measured using a GloMax Explorer plate reader (Promega) using the luminescence setting using a 1 second integration time. Nanoluciferase signal was normalised to Firefly signal and results are expressed through comparison to the appropriate experimental control.    
Analysis of The Cancer Genome Atlas
TCGA Firehose Legacy (Breast Invasive Carcinoma) data was obtained from cBioPortal (12-14). Samples were profiled for MYBL2 mRNA expression z-scores relative to all samples with a z-score threshold of 1.0. Samples were split into low and high MYBL2 expression based on 1 standard deviation below and above the mean mRNA expression level. These criteria allowed analysis to be performed on 193 MYBL2low samples and 190 MYBL2high samples. The Comparison/Survival analysis function was used to extract the data. 
Analysis of the Cancer Cell Line Encyclopaedia
Cancer Cell Line Encyclopaedia data was obtained through the DepMap portal (https://depmap.org/portal) (15). The Batch corrected Expression Public 24Q2 dataset was analysed using Pearson Correlation for MYBL2 expression in breast cancer cell lines and plotted against expression of genes of interest.
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