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Vertebrate BRCA2 protein sequences used for Clustal Omega multiple sequence alignment were downloaded from the NCBI protein database (https://
www.ncbi.nlm.nih.gov/protein/). Evolution tree was generated using the TimeTree database (timetree.org). The human proteome sequence database used for mass
spectrometry analysis were downloaded (2/2020) from UniProt (https://www.uniprot.org). The mass spectrometry data generated in this work have been deposited
to ProteomeXchange under accession code PXD027574 (http://proteomecentral.proteomexchange.org/cgi/GetDataset?ID=PXD027574) and MassIVE under
accession code MSV000087884 (https://massive.ucsd.edu/ProteoSAFe/private-dataset.jsp?task=9725acdfd8084e2e8ebcaea599cee084). The DR-GFP reporter assay
data, colony survival assay data, and RAD51 foci data generated in this study are provided in the source data. Source data are provided with this paper.

No statistical method was used to predetermine sample size. For RAD51 foci experiments, minimum 150 individual cells were analyzed per
condition and the experiment was performed three times independently. The data from the three individual experiments is provided in the
source data and one experiment is shown in the Fig. 2f and 3j, and Supplementary Fig. 3e. For all other experiments, sample size is not
applicable.

No predetermined exclusion criteria was established. We have excluded data where the tissue culture plate was contaminated. This is the
case for the siBRCA2 + 3AQ condition for one of the experiments in Fig. 3h.

The experimental findings were reliably reproduced and in many instances confirmed by multiple experimental approaches. All colony survival
assays and RAD51 foci formation experiments were independently replicated at least three times except for Fig. 3h, where one replicate was
taken out for the siBRCA2 + 3AQ condition due to contamination in the tissue culture plate. The mass spectrometry analysis in Supplementary
Fig. 1a is based on a technical triplicate experiment while Supplementary Fig. 1d is based on three independent experiments. All
immunoprecipitation experiments were independently replicated minimum two times with similar results except validation of phospho-
antibodies in Supplementary Fig 4a and b, which were performed once. All Xenopus egg extract experiments were independently replicated
minimum two times with similar results. Direct biochemical binding experiments including size exclusion chromatography and ITC were
performed once. Number of replicates for all experiments are indicated in the figure legends.

Randomization was not possible for the types of experiments included in this work.

Quantification of colony formation was done automatically and quantification of RAD51 foci semi-automatically. Therefore no blinding was
required for these experiments. For biochemical analyses, all samples were treated in the same way, and therefore blinding is not relevant.
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Antibodies
Antibodies used

Validation

The following antibodies were used for Western blot analysis or immunofluorescence microscopy staining in the indicated dilutions
unless otherwise stated:

BRCA2: Millipore Cat# OP95, RRID:AB_2067762, 1:1000.

RAD51: Bio Academia Cat# 70-001, 1:1000.

RFP (mCherry): MBL International Cat# PM005, RRID:AB_591279, 1:1000.

Myc: Santa Cruz Biotechnology Cat# sc-40, RRID:AB_627268, 1:750.

PALB2: Bethyl Cat# A301-246A, RRID:AB_890607, 1:1000.

GAPDH: Santa Cruz Biotechnology Cat# sc-25778, RRID:AB_10167668, 1:5000.

Tubulin: Abcam Cat# ab6160, RRID:AB_305328, 1:5000.

Histone 3: Abcam Cat# ab1791, RRID:AB_302613, 1:1000.

pS345-CHK1: Cell Signaling Technology Cat# 2341, RRID:AB_330023, 1:1000.

pS1981-ATM: Millipore Cat# MAB3806, RRID:AB_569379, 1:2000.

PP2A-C: Millipore Cat# 05-421, RRID:AB_309726, 1:1000.

GFP (Venus): serum produced by Moravian, affinity purified against full-length GFP, 1:5000.

pT1104/pS1106-BRCA2: raised in rabbits using the phosphorylated peptide of BRCA2: SNHNL(pT)P(pS)QKAEI for immunization,
affinity purification, and validation (21st Century Biochemicals). Dilution: 1:500.

pT1128-BRCA2: raised in rabbits using the phosphorylated peptide of BRCA2: CQFEF(pT)QFRKPS for immunization, affinity
purification, and validation (Moravian). Dilution: 1:500.

Goat-anti-rabbit IgG AlexaFluor 546 nm: Life Technologies Cat# A-11010, 1:1000.

Xenopus specific antibodies:

BRCA2 (for Western blot analyses): Described previously in Long et al., 2014. Dilution: 1:5000.

BRCA2 (for Western blot analysis in Supplementary Fig. 4d): Described previously in Kolinjivadi et al., 2017. Dilution: 1:500.

BRCA2 (for immunodepletion): Raised in rabbits against the following peptide: Ac-KPHIKEDQNEPESNSEYC-amide by New England
Peptide as described previously (Kolinjivadi et al., 2017).

B56 alpha/beta raised in rabbits against the following peptide: MSAISAAEKVDGFTRKSVRK by Peptide Speciality Laboratories GmbH.
Dilution: 1:1000.

B56 gamma: raised in rabbits against the following peptide: MPNKNKKDKEPPKAGKSGKS by Peptide Speciality Laboratories GmbH.
Dilution: 1:500.

RAD51: Described previously in Long et al., 2011. Dilution: 1:2500.

RPA70: Described previously in Gallina et al., 2021. Dilution: 1:2500.

ORC2: Described previously in Fang & Newport, 1993. Dilution: 1:2500.

WRN: raised in rabbits against the following peptide: H2N-MTSLQRKLPEWMSVKC-amide by New England Peptide. Dilution: 1:2500.

MCM6: Described previously in Larsen et al., 2019. Dilution: 1:2500.

BRCA2 (Millipore Cat# OP95): Validation found at https://www.merckmillipore.com/DK/en/product/Anti-BRCA2-Ab-1-Mouse-
mAb-2B,EMD_BIO-OP95. Additionally, we validated this antibody by Western blot analysis of cell extract where BRCA2 had been
depleted by siRNA-mediated knockdown, observing that the band disappeared after depletion. Moreover, the antibody recognizes
exogenously expressed venus-MBP-BRCA2 from cell extracts analyzed by Western blotting.

RAD51 (Bio Academia Cat# 70-001): Validation found at https://www.bioacademia.co.jp/en/html/upload/save_image/E70-012%
20anti-Rad51%20(human)antibody%20rabbit%20polyclonal.pdf. Additionally, we validated this antibody by immunofluorescence
microscopy of cells where BRCA2 had been depleted by siRNA-mediated knockdown, observing that the RAD51 foci dissappeared
after BRCA2 depletion.

RFP (mCherry) (MBL International Cat# PM005): Validation found at https://www.mblintl.com/products/pm005/.

Myc (Santa Cruz Biotechnology Cat# sc-40): Validation found at https://www.scbt.com/p/c-myc-antibody-9e10.

PALB2 (Bethyl Cat# A301-246A): Validation found at https://www.bethyl.com/product/A301-246A/PALB2+Antibody.

GAPDH (Santa Cruz Biotechnology Cat# sc-25778): Validation found at https://www.scbt.com/p/gapdh-antibody-fl-335.

Tubulin (Abcam Cat# ab6160): Validation found at https://www.abcam.com/tubulin-antibody-yl12-loading-control-ab6160.html.

Histone 3 (Abcam Cat# ab1791): Validation found at https://www.abcam.com/histone-h3-antibody-nuclear-marker-and-chip-grade-
ab1791.html.

pS345-CHK1 (Cell Signaling Technology Cat# 2341): Validation found at https://www.cellsignal.com/products/primary-antibodies/
phospho-chk1-ser345-antibody/2341.

pS1981-ATM (Millipore Cat# MAB3806): Validation found at https://www.merckmillipore.com/DK/en/product/Anti-ATM-
phosphoSer1981-Antibody-clone-10H11.E12,MM_NF-MAB3806.

PP2A-C (Millipore Cat# 05-421): Validation found at https://www.merckmillipore.com/DK/en/product/Anti-PP2A-Antibody-C-subunit-
clone-1D6,MM_NF-05-421.

GFP (Venus): Validated by Western blot analysis by its capacity to recognize GFP-trapped contructs of Venus (YFP-variant).

pT1104/pS1106-BRCA2: Validated by dot blot analysis using phosphorylated and non-phosphorylated peptides and by Western blot
analysis of immunoprecipitated BRCA2 from U2OS Flp-In T-REx cells treated with lambda phosphatase.

pT1128-BRCA2: Validated by dot blot analysis using phosphorylated and non-phosphorylated peptides and by Western blot analysis
of immunoprecipitated BRCA2 from U2OS Flp-In T-REx cells treated with lambda phosphatase.

Goat-anti-rabbit IgG AlexaFluor 546 nm (Life Technologies Cat# A-11010): Validation found at https://www.thermofisher.com/
antibody/product/Goat-anti-Rabbit-IgG-H-L-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11010

Xenopus specific antibodies:

BRCA2 (for Western blot analyses): Validated in Long et al., 2014.

BRCA2 (for Western blot analysis in Supplementary Fig. 4d): Validated in Kolinjivadi et al., 2017.
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Eukaryotic cell lines
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Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research
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Wild animals

Field-collected samples

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Flow Cytometry

Plots
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Methodology

Sample preparation
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BRCA2 (for immunodepletion): Validated by capacity to immunoprecipitate and immunodeplete BRCA2 from Xenopus egg extracts as
analyzed by Western blot with an existing validated BRCA2 antibody (Long et al., 2014).

B56 alpha/beta: Validated by Western blot analysis of in vitro transcribed and translated flag-tagged B56 and B55! proteins.

B56 gamma: Validated by Western blot analysis of in vitro transcribed and translated flag-tagged B56 and B55! proteins.

RAD51: Validated in Long et al., 2011.

RPA70: Validated in Gallina et al., 2021.

ORC2: Validated in Fang & Newport, 1993.

WRN: Validated by capacity to immunoprecipitate a band of the right size and immunodeplete a band of the right size from Xenopus
egg extracts analyzed by Western blot.

MCM6: Validated in Larsen et al., 2019.

HeLa cells were acquired from ATCC. The U2OS Flp-In T-Rex cell line was a kind gift from Helen Piwnica-Worms. The HeLa Flp-
In-T-Rex cell line was a kind gift from Stephen Taylor. The HeLa DR-GFP Flp-In cell line was a kind gift from Jeffrey Parvin. All
stable cell lines generated for this study from these parental cells are available upon request.

No authentication was performed.

The cell lines were not tested for mycoplasma contamination.

No common misidentified cell lines were used.

Mature wild type female Xenopus laevis frogs (>9cm) were used for egg extract preparation (LM00535MX, Nasco, USA)

Mature wild type male Xenopus laevis (7.5-9 cm) were used for sperm chromatin isolation (LM00715MX, Nasco, USA).

Frogs were >2 years old.

The study did not include wild animals.

The study did not involve samples collected from the field.

All experiments involving animals were approved by the Danish Animal Experiments Inspectorate and are conform to relevant
regulatory standards and European guidelines.

To analyze HR efficiency for full-length BRCA2 constructs (Fig. 2a), HeLa DR-GFP Flp-In cells parental or stably expressing
siRNA resistant mCherry-MBP-BRCA2 were transfected with Ctrl or BRCA2 siRNA . The second siRNA transfection was
combined with transient transfection with or without an I-SceI-encoding plasmid. After 48 hours, samples were prepared for
flow cytometry. For the B56 inhibitor experiment (Supplementary Fig. 2d), HeLa DR-GFP Flp-In cells were transiently
transfected with a plasmid encoding an mCherry-tagged version of the B56 substrate inhibitor or a control version of the
inhibitor (described further in the manuscript) either with or without an I-SceI-encoding plasmid. After 48 hours, cells were
prepared for flow cytometry. For sample preparation, cells were trypsinized, dissolved in 2% BSA in PBS, stained with 1 ug/mL
DAPI, and filtered through a 35 um cell strainer.

BD LSRFortessa (BD biosciences).

Image acquisition was performed with BD FACSDiva v. 9 (BD biosciences). Data analysis was performed in FCS express v. 7.04.
(De Novo Software). Graphs were constructed in PRISM v. 9.1.1. (GraphPad).




