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Reagents
Rucaparib was kindly provided by Clovis Oncology. The following antibodies were used for WEHI PDX immunohistochemistry: p53 (M700101 1:100; Dako), Ki67 (M7240 1:50; Dako), Cytokeratin (Pan-CK; M3515 1:200; Dako), PAX8 (10336–1-AP 1:20000; Proteintech), and WT1 (ab15249; 1:800; Abcam). For DNA repair foci experiments, rabbit anti-human RAD51 (ab133534, Abcam) and rabbit anti-human gH2AX antibody (Phospho-Histone H2A.X Ser139; clone 20E3, #9718, Cell Signaling Technologies) were used. For BRCA1 immunoblotting, the mouse monoclonal antibody MS110 was used in all figures (Calbiochem OP92), except Figure 1I where BRCA1 Antibody D-9 was used (Santa Cruz, sc-6954). Tubulin (Cell Signaling, 2148) was used as a loading control for all immunoblotting experiments.

Study approvals
For Walter and Eliza Hall Institute of Medical Research (WEHI) PDX models, all experiments involving animals were performed according to the National Health and Medical Research Council Australian Code for the Care and Use of Animals for Scientific Purposes 8th Edition, 2013 (updated 2021), and were approved by the WEHI Animal Ethics Committee (2019.024). Ovarian carcinoma/carcinosarcoma PDX were generated from patients enrolled in the Australian Ovarian Cancer Study (AOCS) or WEHI Stafford Fox Rare Cancer Program (SFRCP). Informed written consent was obtained from all patients, and all experiments were performed according to human ethics guidelines. Additional ethics approval was obtained from the Human Research Ethics Committees at the Royal Women’s Hospital, the WEHI (HREC #10/05 and #G16/02) and QIMR Berghofer (P3456 and P2095). Mouse experiments conducted at FCCC were approved by the Fox Chase Cancer Center Institutional Animal Care and Use Committee (IACUC) and the use of PDX models approved by the Institutional Review Board (IRB). 

Establishment of PDX models
WEHI PDX models were established by transplanting fresh fragments, ascites tumor cells or viably frozen minced tumor (lineage #56C) subcutaneously into NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ (NSG; colony derived from Jackson Labs in 2018) recipient mice (T1, passage 1) as described previously (1). Patient details are provided in Supplementary Information. FCCC cohort PDX models #124 and #196 were established as described previously (2) and obtained from Violeta Serra (2). PDX #1126 was established as previously described and obtained from Elgene Lim (3). PDX #204 and FCCC #56 were established by transplanting viable minced tumor into NSG recipient mice.

Treatment of WEHI and FCCC PDX
WEHI cohort recipient mice bearing T2-T10 (passage 2 to passage 10) tumors were randomly assigned to treatments when tumor volume reached 180-300 mm3. In vivo cisplatin treatments were administered on days 1, 8 and 18, as previously described (4). The regimen for rucaparib treatment was oral gavage once daily Monday-Friday for 3 weeks at 450 mg/kg for all models. Tumors were harvested once tumor volume reached 700 mm3 or when mice reached ethical or end of experiment (120 days post treatment) endpoints. Nadir, time to progression (TTP or PD), time to harvest (TTH), and treatment responses are as defined previously (5). Data was plotted using the SurvivalVolume package (6).

Mice bearing PDX tumors from the FCCC cohort were assigned randomly into treatment groups and treatment initiated when tumor volumes reached 150-200 mm3. For cisplatin treated mice, a single dose was administered by intraperitoneal injection at 6 mg/kg. Rucaparib treatments were administered by oral gavage twice daily Monday-Friday for 2 weeks at 150 mg/kg. Tumors were harvested at 1500 mm3 or when the ethical endpoint was reached. Data was plotted using the SurvivalVolume package (6).

Immunohistochemistry protocols
For WEHI PDX models, automated immunohistochemical (IHC) staining was performed on the DAKO Omnis (Agilent Pathology Solutions) to confirm ovarian carcinoma/carcinosarcoma characteristics of each PDX, as previously described (7).

Detailed WEHI patient clinical information and description of corresponding PDX 
OCS PDX #264 was generated from a stage IIIC ovarian carcinosarcoma (OCS) tumor sample from an individual who was found to be a germline BRCA1 mutation carrier (also known to have had two TNBC and a melanoma), who had received five lines of prior therapy, including one line of PARPi Lynparza/Olaparib (Table 1). Their HGSOC was initially responsive to platinum chemotherapy, with an initial platinum treatment free interval (TFI) of 15 months and in the relapsed maintenance setting they remained on PARPi for > two years. OCS PDX #264 demonstrated progressive disease on both 4 mg/kg cisplatin, (Time to progression of four days (TTP) for cisplatin and vehicle; p= 0.004; Supplementary Figure S2F; Supplementary table S2) and on the 450 mg/kg dose of PARPi rucaparib (TTP of 4 days for both rucaparib and vehicle arms; p= 0.502), reflecting the fact that her OCS had progressed and become refractory to both platinum and PARPi in the clinic. OCS PDX #264 harboured a germline exon 11 BRCA1: c.2216_2217delAA mutation and a pathogenic TP53: p.Glu336* mutation (Table 1) in tumor tissue obtained following five lines of therapy, including two years of PARPi therapy. 
HGSOC PDX #56 was derived from an individual diagnosed with stage III HGSOC, who had not had any prior therapy, and the original lineage of this PDX has been published previously (5). HGSOC PDX #56 harboured a germline BRCA1: c.894_895delTG mutation, as well as a TP53: c.963del mutation and RB1 truncation. A new lineage of this PDX, derived from a post-cisplatin PDX tumor, is presented in this study: HGSOC PDX #56C (Supplementary Figure S2; Supplementary Table S2). Like the original #56 PDX lineage, #56C was found to be cisplatin-sensitive (TTP of 53 days for cisplatin vs four days for vehicle; p= <0.001) and showed some response to the PARPi rucaparib at 300 mg/kg (TTP of 71 days for rucaparib vs four days for vehicle; p= <0.001). 
HGSOC PDX #56PP was derived from an inguinal lymph node biopsy from patient #56 following a total of five prior lines of therapy, including 14 months of second-line PARPi in the second line (Table 1). This individual’s HGSOC was initially sensitive to first line carboplatin/paclitaxel, but they developed progressive disease on subsequent lines of therapy (including progressive disease on re-challenge with 7th line PARPi). HGSOC PDX #56PP demonstrated some response to cisplatin, with a delay in median TTP (36 days for cisplatin versus four days for vehicle; p= 0.051; Supplementary Figure S2; Supplementary Table S2), however it showed no response to the PARPi rucaparib at the high 450 mg/kg dose administered five days a week for three weeks, which reflected the refractory nature of the patient’s HGSOC response to re-challenge with 7th line PARPi (TTP of four days for both vehicle and rucaparib; p= 0.375). HGSOC PDX #56PP carried a germline BRCA1: c.895_896del mutation, TP53:c.963delA and PTEN:c.166delT (Table 1). 
HGSOC PDX #032 was generated from an individual diagnosed with recurrent metastatic HGSOC, who was found to have a somatic mutation in BRCA1 in their cancer, who had received six prior lines of therapy, including PARPi in the 4th line setting (combined with cyclophosphamide in the SOLACE2 clinical trial). This patient had partial sensitivity to 1st line carboplatin/paclitaxel (platinum TFI of 11 months), but relapsed three times prior to receiving PARPi, to which their HGSOC had an initial response followed by progressive disease. HGSOC PDX #032 demonstrated some response to 4mg/kg cisplatin in vivo (TTP of 67 days for cisplatin vs eight days for vehicle; p= 0.093; Supplementary Figure S2; Supplementary Table S2) and was not responsive to rucaparib 450 mg/kg (Supplementary Table S2). HGSOC PDX #032, obtained after six lines of therapy including a PARPi, harboured a somatic BRCA1: c.1251delT mutation in exon 11, along with deletions in TP53 (c.97-1_97-6del) and FANCA (c.3788_3790del; Table 1).  
HGSOC PDX #049 was derived from an individual with HGSOC who was a germline BRCA1 mutation carrier with a prior TNBC, who had received four lines of chemotherapy prior to PDX establishment, including PARPi maintenance therapy in the 2nd line for 13 months followed by progressive disease on 3rd line cisplatin chemotherapy. HGSOC PDX #049 developed stable disease in response to 4 mg/kg cisplatin treatment (TTP of >120 days for cisplatin arm, compared to four days for vehicle arm; p= 0.01), but was less responsive to 300 mg/kg of PARPi rucaparib (TTP of 22 days for rucaparib vs four days for vehicle arm; p= 0.01). HGSOC PDX #1049, obtained after four lines of therapy, including PARPi, was found to harbour two BRCA1 mutations – a germline c.2475delC mutation (100% allele frequency) and a TP53 c.428_429insCA mutation. 
HGSOC PDX #206 was derived from an individual who was known to belong to a BRCA1 mutation positive family, who had been diagnosed with stage IV HGSOC and was initially platinum sensitive (TFI of 17 months). They had received one line of carboplatin/paclitaxel chemotherapy prior to PDX establishment. HGSOC PDX #206 was found to be highly sensitive to both cisplatin (TTP of 7 days for vehicle arm vs >120 days for cisplatin arm; p= 0.001) and rucaparib at a 300mg/kg dose (TTP of 7 days for vehicle arm vs >120 days, p= 0.002). HGSOC PDX #206, obtained after one line of carboplatin/paclitaxel, had a germline BRCA1: c.3817C>T mutation in exon 11, and a TP53:c.451C>T mutation and BLM rearrangement. The patient was found to have later developed a reversion mutation in BRCA1 (to wild-type) from the ALLOCATE study panel sequencing of a post-progression biopsy (post-second-line platinum and olaparib) (8).

BRCA1 isoform and ABCB1 qRT-PCRs 
Vehicle and untreated PDX samples were selected at random for assessment of baseline gene expression levels. High quality RNA was extracted from cell pellets or tissue lysates using the Direct-zol RNA MiniPrep (Zymo Research, Cat# R2050) according to the manufacturer’s protocol. Resulting RNA was quantitated using the NanoDrop 2000 UV-Vis Spectrophotometer (Thermo Fisher Scientific, Cat# ND-2000). SuperScript III Reverse Transcriptase (Invitrogen, Cat# 18080085) was used to convert RNA to cDNA according to the manufacturer’s protocol. A volume of 2 ul cDNA diluted to 5 ng/uLng was added to 5 uLul SYBR Green PCR Master Mix (Thermo Fisher Scientific), 2.5 uLul molecular-grade H2O and 0.5 uLul of the relevant 2 uMuM primer mix (Supplementary Information Table 1). ABCB1 primers used were as previously published (9). Cycling conditions are provided in Supplementary Information.

Cycling conditions for BRCA1 isoform and ABCB1 qPCRs 
Plates were incubated on the ABI 7900 (Applied Biosystems) or the ViiA 7 Real-Time PCR System (Thermo Fisher Scientific) at 95°C for 10 minutes, 40 cycles of 95°C for 15 seconds and 60°C for 1 minute*, followed by 95°C for 15 seconds, 60°C for 15 seconds and 95°C for 15 seconds* (*Data recorded at indicated steps). Resulting CT values were normalized to the averaged value housekeeper control primers in Excel (Microsoft). Fold change values were calculated for each sample. These values were then graphed in PRISM7 (GraphPad), and the standard deviation calculated. 

Supplementary Methods Table 1. HPRT, B-ACTIN, SDHA and GAPDH were used as housekeeper control primers. A BRCA1 primer set for all transcripts was used for normalization of each sample to the total amount of all BRCA1 transcripts. BRCA1 +exon 11 primer set specifically amplifies BRCA1 transcripts with all of exon 11. The BRCA1 11q and 11 primer sets were designed to be specific to their respective isoforms.
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BRCA1 Immunoblotting 
Tumor samples were minced and dissociated using a glass homogenizer. Nuclear extracts from the dissociated tumor tissue were obtained using the NE-PER Nuclear and Cytoplasmic Extraction Kit (Thermo Fisher Scientific). Proteins were separated by SDS-PAGE and transferred to a PVDF membrane. Membranes were blocked with 5% nonfat milk in phosphate-buffered saline with Tween 20 (PBST) for 1 hour at room temperature. Primary antibodies were incubated at 4 degrees overnight. Secondary antibodies were incubated for 1 hour at room temperature. 

DNA sequencing of PDX
BROCA panel sequencing was performed as previously (10) using the BROCA-HR v8 and BROCA-GO v1 versions of the gene panel. For whole exome sequencing, 150-300 ng of DNA was fragmented to approximately 200 bp using a focal acoustic device (Covaris S2, Sage Sciences). Libraries were prepared with the Kapa Hyper Prep Kit (Kapa Biosystems) and SureSelectXT adaptors (Agilent). Hybridization capture was performed with SureSelect Clinical Research Exome V2 baits following the SureSelectXT recommended protocol (Agilent). Indexed libraries were sequenced on an Illumina NextSeq500 to generate on average 130 million paired-end 75 bp reads per sample.

Whole exome sequencing of cell lines
Library preparation was performed by the Victorian Clinical Genetics Services (VCGS) using the Twist Alliance VCGS Exome custom kit and sequencing was run on the Illumina NovaSeq 6000 using 2x150 bp reads.

Whole Exome Sequencing Analysis 
A bionix (11) pipeline was used to process samples from sequencing data to variant calls. Sequences were aligned to Genome Reference Consortium Human Build 38 (GRCh38) using minimap2 v2.17 (12), and also to Mus Musculus reference GRCm38. Mouse derived sequences were removed with XenoMapper v1.0.2 (13). PDX whole exome sequencing used the Agilent SureSelect Clinical Research Exome V2, with reads filtered to 100bp each side of capture regions. Small mutations were called using Octopus v0.7.0 (14) and annotated using SnpEff v4.3 (15). Copy Number Variation was estimated using FACETS v0.6.1 (16).

WES and BROCA analysis for resistance mutations
Several PARPi-resistant PDX tumors showed high expression of BRCA1 11q, but lacked SSMs – for example OCS PDX #264 and HGSOC PDX #032. In WES data for PDX #032, #049 or #56PP, no variants were detected (adjusted variant allele frequency of >5%) in the following potential BRCA1-mutant PARPi-resistance genes: PARP1, SHLD1 (C20orf196), SHLD2 (FAM35A), SHLD3 (CTC-534A2.2), TP53BP1, RIF1, MAD2L2, REV7, DYNLL1, PTIP (17-20). PDX #196 and #264 only had BROCA available. PDX #264 was run on the BROCA-GO v1 panel where no mutations in MAD2L2, PARP1, RIF1, SHLD1, SHLD2, SHLD3 or TP53BP1 were found. #196 was run on the older BROCA v8 panel, where no mutations were found in MAD2L2, PARP1, RIF1 or TP53BP1. We ruled out contribution of single nucleotide polymorphisms (SNPs) reported to drive 11q isoform expression in WES data (21-23), and defects in the HUWE1 gene (24).

We also could not find SNPs known to drive alternative isoform expression in these models, so it is possible that trans-elements, such as splicing factors and regulatory proteins, may be playing a role. We plan to explore these cases in future studies, where we hope to uncover additional clinically useful biomarkers for this form of PARPi resistance. Interestingly, homozygous Brca111/11 mice are embryonic lethal, and derived cells are PARPi sensitive (25-27). Therefore, it is likely that additional re-wiring events accompany SSMs, such as reduced expression of end resection inhibitory proteins, which work in conjunction with the BRCA1 11 or 11q protein to promote robust HR and PARPi resistance (28,29). Alternatively, in the setting of human cancer, BRCA1 11 or 11q expression and the residual HR it provides may be sufficient to induce PARPi resistance in tumors.

RNA sequencing and Analysis
RNA sequencing was performed at the Australian Genomics Research Facility (AGRF) using the Illumina TruSeq Stranded mRNA library preparation, and sequencing was performed using the NovaSeq (SP Lane) at 300 cycles. Reads were mapped using HISAT2 and sashimi plots were visualized in IGV with a threshold of 5 supporting reads.

Presence of PDX splice site mutations in archival corresponding patient samples
HGSOC PDX #049 harbored a somatic secondary BRCA1 splice site mutation (SSM) at the exon 11 donor site (c.4096+3A>C), previously shown to drive high 11q expression in vitro (30) (Figure 1G; Table 1; Supplementary Table 1 and 5). Our PARPi resistant COV362 cell line, with high 11q expression, has a functionally similar SSM (c.4096+1G>A; Figure 1G-H; Supplementary Figure S5; Supplementary Table 1 and 5), previously shown to drive BRCA1 11q isoform expression in vitro (31). These SSMs disrupt the 3’ exon 11 donor splice site sequence, and are predicted in silico to generate 11/11q transcripts, rather than mutation-containing full length transcripts that would be subject to NMD (Figure 1G-H). PARPi-refractory HGSOC PDX #56PP also harbored a secondary splice site deletion of 820bp (c.670+281_1101del) crossing the 5’ exon 11 acceptor splice site, not detected in chemo-naïve and PARPi-responsive PDX #56 (Figure 1G; Supplementary Table 1 and 5). This mutation was predicted in silico to drive skipping of BRCA1 exon 11 (including the pathogenic mutation). We thus investigated whether these mutations were pre-existing by interrogating these mutations in archival samples from the same patients. 

Targeted amplicon sequencing of WEHI PDX #049 splice site and TP53 mutation
PCR reactions were prepared using HotStarTaq DNA Polymerase (QIAGEN, Catalog #203205) according to manufacturer’s instructions. #049 SSM primers are outlined in main methods. TP53 mutation primers for first step PCR (Illumina Nextera adapters sequences in bold):
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAGCTCGCTAGTGGGTTGCAGGA; Reverse primer 5’-3’: 
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTGCTTGTAGATGGCCATGGCGC. 

WEHI PDX #049 exon 11 splice site mutation primers for first step PCR (Illumina Nextera adapters sequences in bold):
Forward primer 5’-3’:
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGTGCTCCCCAAAAGCATAAA; Reverse primer 5’-3’: 
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGTCTGAAAGCCAGGGAGTTG. 

Reactions were incubated at 95ºC for 15 minutes, followed by 15 cycles of 95ºC for 30 seconds, 55ºC (SSM reaction) or 65ºC (TP53 reaction) for 40 seconds and 72 ºC for 40 seconds. Reactions were then incubated at 72ºC for 10 minutes and storage at 4ºC. Illumina Nexera XT indexes were then incorporated in a second PCR, as previously described (7). Resulting libraries were cleaned-up using Agencourt AMPure XP (Beckman Coulter, Cat#10136224) beads using a ratio of 0.9:1. The D1000 ScreenTape System (Agilent, Cat#5067-5582 and 5067-5583) was used to assess the size profile of NexteraXT libraries according to manufacturer’s protocol. Libraries were sequenced in the WEHI Genomics Core Laboratory on the Illumina MiSeq using a MiSeq Nano Reagent Kit v2 (300 cycle; Illumina; Cat# MS-102-2002) according to manufacturer’s protocols.

Droplet digital PCR assay for WEHI PDX #56PP deletion detection
Droplet digital PCR was performed using the BioRad QX200 Droplet Digital PCR System. PCR reactions were prepared using the QX200 ddPCR EvaGreen Supermix (2X) (BioRad, Catalog #1864034) according to manufacturer’s instructions. 

Two reactions were prepared; one for wildtype allele detection and one for deletion allele detection. Forward primer 5’ TCCCCATCATGTGAGTCATC 3’, and reverse primer  5’ CTGATTGTTGCCCTTTCGTT 3’ were used for deletion allele detection. The same forward primer was used for wildtype alleles, combined with reverse primer 5’ TCTGAATGCTGATCCCCTGT 3’. Reactions were incubated at 95ºC for 5 minutes, followed by 40 cyles of 95ºC for 30 seconds and 60ºC	for 60 seconds. Reactions were then incubated at 4ºC for 5 minutes, 90ºC for 5 minutes and storage at 4ºC.

SNP arrays and HRD scores
SNP arrays and HRD scores of cell lines and PDX samples were performed as previously described (7).

Whole genome sequencing and clonality genomic analysis
Illumina DNA PCR-Free library prep (2x150bp paired end reads) was performed on patient and PDX DNA samples at the Victorian Clinical Genetics Services laboratories (VCGS; Melbourne, Australia). Resulting libraries were sequenced on the NovaSeq 6000 (Illumina) sequencing platform at 30x coverage for patient germline DNA and 60x for PDX and patient tumour DNA samples. Reads alignment, variant-calling, tumour purity and ploidy estimation was performed as previously described (32). Identification of clone-specific copy-number aberrations was performed using HATCHet (version 1.1.1) using default parameters unless specified (33). Heterozygous germline SNPs with a minimum coverage of 10 and a maximum coverage of 3000 were considered. Read-depth ratio (RDR) and B-allele frequency (BAF) were calculated based on genomic bins constructed with at least 3000 reads. Genomic bins were clustered with a maximum expected shift of 0.08 from 0.5. Allele-specific fractional copy numbers were estimated with assumptions that: 1) a clone proportion is either not present or has a minimum proportion of 0.01; 2) the maximum copy number considered was 6 (without whole genome doubling) or 8 (with whole genome doubling). Somatic single nucleotide variants were selected for phylogenetic analysis as previously described(32). Estimation of phylogenetic cancer cell fraction of each mutation was achieved with CONIPHER(34) (version 2.2.0) using default parameters. Single base substitution (SBS) signatures were extracted using R package deconstructSigs (version 1.8.0) (35) with a minimum signature contribution threshold of 0.1 using COSMIC v3 signatures (36) as reference. The HRDetect scores were estimated as previously described(32).

Cell culture
PEO1, PEO4 and COV362 cell lines were grown at 37°C in 5% CO2 in FV media as previously described (5). UWB1.289 and UWB1.289+BRCA1 cell lines were grown in 50% RPMI 1640 Medium, GlutaMAX™ supplement (Gibco, Cat# 61870127) with 50% MEGM (Mammary Epithelial Growth Medium (MEGM Bullet Kit; Clonetics/Lonza, Cat# CC-3150), and 3% Fetal Bovine Serum (Sigma-Aldrich, Cat #F9423) added. SUM149PT cell lines were grown in Ham’s F-12 with 5 ug/ml insulin, 1 ug/ml hydrocortisone, 10 mM HEPES, 10% FBS, and 1x pen/strep. HEK293T cells were grown in DMEM with 10% FBS. Cell lines confirmed to be negative for Mycoplasma during culture using the MycoAlert Mycoplasma Detection Kit (Lonza, Cat# LT07-118). Whole exome sequencing was used to confirm identity of cell lines.

Immunofluorescent staining for DNA repair foci 
For COV362, PEO1 and PEO4 cell line experiments, 10,000 cells were seeded per well on black PhenoPlate™ 96-well microplates (Perkin Elmer Cat# 6055302) and left to settle for 2 days, before being exposed to 10 Gy of gamma irradiation or left untreated (controls). The Click-iT™ EdU Cell Proliferation Kit for Imaging (Alexa Fluor™ 555 dye) was used to measure cycling cells according to manufacturer’s protocols. Cells were then stained for RAD51 and gH2AX foci and imaged on the Perkin-Elmer OPERA PHENIX platform as previously described (7). 
For UWB1.289 and SUM149 cell lines, cells were fixed 6 hours after treatment with 10 Gy. Cells were then fixed with 4% formaldehyde and permeabilized by 1% Triton X-100 in phosphate-buffered saline (PBS).  RAD51 antibody staining was followed by secondary antibodies conjugated to Alexa Fluor 488 (1:1000, Thermofisher, catalog# A11034). Cells were mounted in Vectashield containing DAPI (Vector Laboratories Inc.). For analyses, a minimum of 300 nuclei per condition per cell line were counted.

BRCA1 minigene experiments 
BRCA1 minigene experiments were performed as previously described (37). Briefly, SSM and primary mutations were introduced into the HA-tagged minigene construct using the Agilent QuickChange Lightning Site-Directed Mutagenesis Kit. Mutant constructs were transfected into HEK293T using the TransIT-LT1 transfection reagent (Mirus). Cell pellets were collected after 72 hours (h) for protein and RNA analysis. Protein expression was assessed by immunoblotting of cell lysates using an anti-HA antibody (Cell Signaling Technology #2367). 

Ectopic BRCA1 expression in PDX 
As previously described, BRCA1-11q and mCherry were shuttled into pLENTI-IRES-GFP using Gateway cloning (37). To express ectopic BRCA1-11q and mCherry in PDX #1126, fresh tumor tissue was first extracted and dissociated by shaking for 3 h at 37°C in F-12 media containing 1.6 mg/mL collagenase and 1.6 mg/mL dispase followed by four washes with F-12 media. Dissociated PDX cells were cultured overnight in F-12 media with lentivirus encoding BRCA1-11q or mCherry. Cells were washed, sorted for GFP positivity using a BD-FACS Aria II cell sorter then implanted into NSG mice with an equal ratio of cell suspension and Matrigel (Corning). 

Generation of resistant PDX lineages
Resistant PDX lineages were derived using serial treatments and tumor passaging, summarized schematically in Supplementary Figure S15. Tumors were treated with either 6 mg/kg cisplatin or 150 mg/kg rucaparib after reaching 150-200 mm3. Rucaparib was administered twice daily Monday-Friday for two weeks. Cisplatin was administered at two-week intervals up to four doses if tumors were at least 150 mm3. Mice were monitored daily and tumors measured 2-3 times per week. Tumors were collected after reaching 1000 mm3 or humane end point for the mice. Fresh collected PDX were reimplanted into NSG mice for additional treatment cycles until tumors stopped responding to treatment or experiment concluded. Cisplatin and rucaparib responses were then assessed as described above for the other PDX models.

CTG assays
Cells were plated in CELLSTAR® 96 well plates (Greiner, Cat# M1062), at densities related to their growth rates: 500 cells per well for PEO1, 1000 cells for COV362 and 1500 cells per well for PEO4. Drugs were added the following day at the given concentrations (for a total volume of 150 µL per well), and cells were incubated at 37°C in 5% CO2 for 7 days. CellTiter-Glo® Luminescent (CTG) Cell Viability Assay (Promega, Cat# G7572) was then used to measure viability of cells. 

Cell line gene silencing experiments 
Reverse transfection was performed using 1 µL ulLipofectamine™ RNAiMAX Transfection Reagent (Invitrogen, Cat# 13778075) per 100 µLul of Opti-MEM™ I Reduced Serum Medium (Gibco, Cat# 31985062), incubated with 30 nMnM of siRNA for 15-20 minutes before addition of 250,000 cells in culture media (without antibiotics) per well on a 6-well plate. Cells were then either incubated for 2 days before re-seeding for colony formation assays.

Cells plated for colony formation were treated with varying doses of rucaparib the day after re-seeding. Colonies were fixed and stained in 1 x Crystal Violet 0.5% Aqueous Solution (Hurst Scientific, Cat# CV.5-1L) with 20% methanol for 20 minutes. PEO1 cells were fixed at 8 days following treatment, while PEO4 and COV362 cells were fixed at two weeks (accounting for different growth rates). Colonies were counted using the CFU.ai application (http://www.cfu.ai/) and data plotted in PRISM7 (GraphPad).

CRISPR of UWB1.289 and SUM149 cell lines
We hypothesized that disruption of the 3’ splice site using targeted CRISPR would further elevate BRCA1-11q expression and enhance PARPi resistance in UWB1.289 and SUM149. Here, an sgRNA targeting the exon 11-intron 11 boundary effectively disrupted the 3’ splice site (SS). Induction of BRCA1 exon 11 donor splice site mutations in the UWB1.289 and SUM149 cell lines using CRISPR was performed as previously described (38), using the following dual single guide RNAs (sgRNA):  Forward- CACCGTGGATTCAAACTTAGGTAT; Reverse – AAACATACCTAAGTTTGAATCCAC. Dual sgRNAs targeting the Rosa locus were used as a control: Forward- CACCACTCCAGTCTTTCTAGAAGA; Reverse- AAACTCTTCTAGAAAGACTGGAGT. Sanger sequencing primers used to confirm SSMs at the BRCA1 exon 11 donor splice site were: Forward- TCAGTCTGAAAGCCAGGGA; Reverse- CGTCCTAGCTGTGTGAAGGA. For corresponding colony forming assays, cells were seeded at decreasing densities in six-well plates and maintained in vehicle or in the presence of 1M rucaparib until resistant colonies emerged. Colony formation was assessed with crystal violet staining. As anticipated, both UWB1.289 and SUM149 subject to SS-targeting sgRNA demonstrated dramatically elevated BRCA1-D11q protein levels compared to parental and control cells subject to Rosa targeting sgRNA (Figure 1I). BRCA1 SS sgRNA treated cells were also more PARPi resistant compared to control lines in colony forming assays (Figure 1J-K; P= 0.0041 in SUM149 and P= 0.0042 in UWB1.289), and had increased RAD51 foci forming capacity in SUM149 (Figure 1L-M; P= 0.0226; not statistically significant for UWB1.289). Taken together, these experiments provide direct evidence that SSMs drive high levels of alternative BRCA1 isoform expression and PARPi resistance.

In Silico modelling secondary BRCA1 splice mutations
All in silico splicing predictions were obtained using NNSPLICE and MaxEnt web tools as previously described (39,40) and SpliceAI with 0.20 threshold as recommended (41). For secondary mutations at or near BRCA1 c.4096 (exon 10), transcript outcomes were modeled upon BRCA1 c.4096+3A>G at chr17:41,243,449T>C (CF5004.01), which has been shown experimentally to lead to (a) skipping of exon 10 (del 3426bp; del aa 224-1365) in 24% and (b) cryptic splice D11q (del 3309bp; del aa 264-1366) in 70% transcript from the mutant allele (King/Swisher Lab, unpublished data; (30)). For secondary mutations at or near c.5277 (exon 19), transcript outcomes were modeled upon BRCA1 c.5277+1G>A at chr17:41,209,068C>T (CF1012.03), which was shown experimentally to lead to (a) skipping of exon 20 (del 84bp; del aa 1732-1759) in 14% and (b) cryptic donor splice in intron 20 (ins 87bp, 1676 stop) in 48% transcript from the mutant allele (39). For BRCA1 c.4986+2T>G (exon 16), transcript outcomes were modeled upon BRCA1 c.4986+3G>C at chr17:41,222,942C>G (CF4616.01), which was shown experimentally to disrupt normal splicing and to lead to a cryptic donor splice in intron 16 (ins 65bp, stop 1676) in 44% transcript from the mutant allele (30,39).

Sequencing of ARIEL2 and ARIEL4 tumor and plasma DNA samples
DNA, tumor or plasma samples collected from patients in the ARIEL2 (NCT01891344) and ARIEL4 (NCT02855944) clinical trials was sent for gene panel sequencing at Guardant Health, using their FDA-approved TissueNext or Guardant360 CDx tests, respectively. Analysis pipelines and criteria for calling reversion mutations have been described previously (42).

Summary of ARIEL2 and ARIEL4 clinical data
Of the patients from the ARIEL2 and ARIEL4 trials with BRCA1 exon 11 mutated cancer, there were 115 individuals for whom pre-PARPi (rucaparib) tumor/ctDNA samples with sequencing data were available (ARIEL2 sequencing data is previously published, but did not include this SSM analysis (50)), and 63 matched patients for whom post-PARPi data were also available (Figure 2A). Of the pre-PARPi (but post-platinum) samples, 8% (9/115) had a frame-correcting secondary BRCA1 mutation, and 1% (1/115) had an SSM impacting the BRCA1 exon 11 donor splice site (c.4096 region). Following PARPi, this increased to 29% (18/63) with frame-correcting secondary mutations, and 10% (6/63) with SSMs (Figure 2A). In silico modelling of SSMs predicted that all would drive expression of the 11q isoform (Figure 2B-C; Supplementary Table 5), and this was confirmed using the BRCA1 minigene system (Figure 2D).

BRCA1 isoform competition experiments in SUM149 cells
BRCA1 exon 11 mutated SUM149 cells were previously engineered using CRISPR/Cas9 to generate a BRCA1-null clone using a single-guide RNA (sgRNA) targeting exon 22 and a full-length expressing BRCA1 clone using an exon 11 targeted sgRNA that introduced a frame-restoring mutation (37). Control BRCA1-Δ11q expressing SUM149 cells were generated using a GFP-targeted sgRNA. One million BRCA1-null cells were premixed with 1,000 cells expressing BRCA1-Δ11q and 1,000 full length BRCA1-expressing cells and injected subcutaneously into the flank NSG mice with an equal volume of Matrigel (Corning). Pelleted cells were also collected for sequencing analysis. Once tumors reached 150-200 mm3 mice were subjected to vehicle or cisplatin treatments (6 mg/kg) and tumors collected at 1000 mm3. Tumor DNA was extracted and amplicon libraries constructed for the sgRNA sequences using: forward primer
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTTGTGGAAAGGACGAAACACCG (with additional staggered primers)
barcoded reverse primers 
CAAGCAGAAGACGGCATACGAGAT- (8nt index) -GTGACTGGAGTTCAGACGTG TGCTCTTCCGATCTGCCAAGTTGATAA CGGACTAGCCTT. Libraries were sequenced using an Illumina NextSeq2000 and ratios of BRCA1-null, Δ11q, and full length expressing cells determined based on sgRNA content.

Statistical Analyses
P values for PDX model treatments compared to vehicle treatment group were calculated by a log-rank test between fitted Kaplan-Meier estimates with a chi-squared null distribution and one degree of freedom using SurvivalVolumes v1.2.4 (6). P values for gene expression differences between PDX models and PDX groups, and for COV362 RAD51 foci analysis, were generated in GraphPad PRISM software using an unpaired t-test with Welch’s correction. P < 0.05 was considered statistically significant and statistical tests are indicated in the figure legends. Asterisks indicate statistically significant P values. 
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HPRTI GTTATGGCGACCCGCAG ACCCTTTCCAAATCCTCAGC 107
ACTB GCACAGAGCCTCGCCTT GTTGTCGACGACGAGCG 93
SDHA GGACCTGGTTGTCTTTGGTC CCAGCGTTTGGTTTAATTGG 93
GAPDH GGTGTGAACCATGAGAAG CCACAGTTTCCCGGAG 189
BRCALI All GCAGAGGTTGAAGATGGTATGTT | CCAAGGCAAGATCTAGAGGGA 137
BRCALI +exon 11 TAAGCCAGGCTGTTTGCTTT GAAATCAGTTTGGATTCTGCAA 297
BRCAI Dl 1q TGCTGCTTCACCCTGATACT TGCAGTGTGGGAGATCAAGA 210
BRCAI D11 TGCTTCACCCTTTTTTGCAG ACAAAGCAGCGGATACAACC 180
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HPRT1 GTTATGGCGACCCGCAG ACCCTTTCCAAATCCTCAGC 107

ACTB GCACAGAGCCTCGCCTT GTTGTCGACGACGAGCG 93
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BRCA1 All GCAGAGGTTGAAGATGGTATGTT CCAAGGCAAGATCTAGAGGGA 137

BRCA1 +exon 11 TAAGCCAGGCTGTTTGCTTT GAAATCAGTTTGGATTCTGCAA 297

BRCA1 D11q TGCTGCTTCACCCTGATACT TGCAGTGTGGGAGATCAAGA 210

BRCA1 D11 TGCTTCACCCTTTTTTGCAG ACAAAGCAGCGGATACAACC 180


