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DNA double-strand breaks (DSBs) are genotoxic lesions that can be repaired in a templated fashion by homologous recombination (HR). HR is a complex pathway that involves the formation of DNA joint molecules (JMs) containing heteroduplex DNA. Various types of JMs are formed throughout the pathway, including Displacement loops (D-loops), multi-invasions (MI), and double Holliday Junction intermediates. Dysregulation of JM metabolism in various mutant contexts revealed the propensity of HR to generate repeat-mediated chromosomal rearrangements. Specifically, we recently identified MI-Induced Rearrangements (MIR), a tripartite recombination mechanism initiated by one end of a DSB that exploits repeated regions to generate rearrangements between intact chromosomes. MIR occurs upon JM processing by endonucleases and is suppressed by JM disruption activities. Here, we detail two assays: a physical assay for DNA joint molecule detection in S. cerevisiae cells and a genetic assay to determine the frequency of MIR. These assays enable studying the regulation of the HR pathway and the consequences for genomic instability by MIR.

INTRODUCTION

Homologous recombination (HR) repairs DNA double-strand breaks by using the sequence information present on an independent homologous dsDNA molecule. This mechanism entails the formation of DNA joint molecules (JMs) that contains a heteroduplex DNA (hDNA) region between the broken molecule and its complement in the "donor" duplex DNA, such as the in the Displacement-loop (D-loop) intermediate (Fig. 1A). Regulation of the formation and stability of these JMs is paramount for the progression and outcome of the HR pathway, and limits its propensity to generate chromosomal rearrangements between repeated sequences (Piazza and Heyer, 2019). In particular, the homology search process is at risk of encountering homology and forming hDNA on independent molecules. We recently provided physical evidence for such Multiinvasions (MI) JMs in vitro and in S. cerevisiae cells (Fig. 1B) [START_REF] Piazza | Multi-invasions are recombination byproducts that induce chromosomal rearrangements[END_REF][START_REF] Wright | Rad54 functions as a heteroduplex DNA pump modulated by Its DNA substrates and Rad51 during D Loop formation[END_REF]. These MI-JMs are at the basis of a tripartite chromosomal rearrangement mechanism called MI-induced rearrangement (MIR) in which the two donors are translocated when bridged by an invading ssDNA (Fig. 1B) (Piazza and Heyer, 2018;[START_REF] Piazza | Multi-invasions are recombination byproducts that induce chromosomal rearrangements[END_REF]. We detail here assays allowing to study JM metabolism and its consequences for genomic instability by MIR in S. cerevisiae.

Rationale of the genetic MIR assay.

The genetic MIR assay quantifies the formation of a translocation between two undamaged genomic regions upon induction of a single site-specific DSB in a third, ectopic genomic region (Fig. 2A). The translocation restores a functional LYS2 gene, providing a mean for selection and determination of its frequency in a cell population. The DSB-inducible construct must have homology to both donors on one side of the DSB (e.g. YS; Fig. 2A). The two donors do not share homology to one another (LY and S2; Fig. 2A). The various genetic constructs are described in section 2.1, as illustrated in Fig. 2B, and the precise annotated sequences are available in Dataset S1. The expression of the HO gene under the GAL1/10 promoter is induced upon galactose addition in exponentially growing cells in a media lacking glucose (YEP-Lactate) (Fig. 3A). This induction results in rapid DSB formation in the cell population (~99% in 1 hr, Fig. 3B). Cells are thus plated prior to, and 2 hr post-DSB induction (Fig. 3A), enabling determination of the basal and the induced Lys + (i.e. MIR translocation) frequencies, respectively (Fig. 3C). The 2 hr time point was selected because it corresponds to a time at which DSB repair using the undamaged chromosome V (chrV) has not yet happened (Fig. 3B). This repair presumably accounts for the gradual decline of the Lys + frequency over time (Fig. 3D), as cells repairing the DSB without undergoing MIR will resume growth more quickly, leading to a relative dilution of those undergoing MIR. This early plating facilitates comparison of MIR frequencies in various mutants, as they will not be affected by additional changes in the DSB repair kinetics.

Rationale of the physical JM-Capture assay.

The Joint Molecule-Capture (JM-Capture) assay is a proximity ligation-based methodology [START_REF] Dekker | Capturing chromosome conformation[END_REF] for physical JM detection (Fig. 4A) (Piazza et al., 2019). It consists (i) in the stabilization of JMs upon UV-induced inter-strand DNA crosslink with psoralen [START_REF] Oh | Stabilization and electrophoretic analysis of meiotic recombination intermediates in Saccharomyces cerevisiae[END_REF][START_REF] Schwacha | Identification of joint molecules that form frequently between homologs but rarely between sister chromatids during yeast meiosis[END_REF], (ii) restriction digestion and (iii) proximity ligation of the digested DNA extremities covalently held together in space by the crosslinked hDNA. The resulting chimera is a readout of the amount of this JM in the cell population, determined by quantitative PCR. The sites used are located upstream of the region of homology in both the DSB-inducible and donor molecules, so as to avoid scoring permanent acquisition of the donor restriction site by the broken molecule upon initiation of DNA synthesis. An independent assay exploits this feature as the basis to determine the initiation of recombination-associated DNA synthesis (Piazza et al., 2018). The approach requires restoration of the restriction site ablated by resection of the broken molecule through annealing of a long complementary oligonucleotide to the resected end.

Detection of MI JMs follows the same principle, except that it scores the physical tethering of the two donors by the broken molecule and does not require restriction site restoration on the broken molecule (see Fig. 4B) [START_REF] Piazza | Multi-invasions are recombination byproducts that induce chromosomal rearrangements[END_REF]. Limitations of the assay have been extensively discussed (Piazza et al., 2019), and the major limit is the crosslinking density of 1/~500 bp).

MATERIALS

Saccharomyces cerevisiae strains

We detail here the content of the Saccharomyces cerevisiae strains we developed for the genetic study of MIR and the detection of DNA joint molecules. The relevant genetic components are depicted in Fig. 2, listed in Table 1, and the precise annotated constructs are provided in Dataset S1.

Strains for the MIR assay.

The HO gene (which encodes the site-specific HO endonuclease) under the control of the glucoserepressed and galactose-inducible GAL1 promoter has been inserted at the TRP1 locus alongside the hphMX marker to allow for controlled HO endonuclease expression upon galactose addition in the culture media. The HO cut-sites (HOcs) at MAT on chrIII were mutated (MAT-a-inc or MATα-inc) to prevent their cleavage by HO. The DSB-inducible construct replaces the URA3 coding sequence on chrV in all cases (Figs. 2A andB). The construct contains the 117 bp HO cut-site [START_REF] Kostriken | A site-specific endonuclease essential for mating-type switching in Saccahromyces cerevisiae[END_REF]) flanked on its left by the 2 kb-long middle part of the LYS2 gene (YS), and 327 bp of the PhiX174 genome flanked on each side by multiple restriction sites. This last region is used in the JM-Capture assay (see below). The donor loci consist of the first (LY) and the second half (S2) of the LYS2 gene, respectively. In the main construct used to study MIR so far, referred to as "inter-chromosomal", the donors are present at an allelic position, at the native LYS2 locus on chrII (Figs. 2A,B). The URA3 and LYS2 loci have been extensively used by others to study DSB repair by HR [START_REF] Inbar | Homology search and choice of homologous partner during mitotic recombination[END_REF]; Mine-Hattab and Rothstein, 2012). They are located in the middle of chromosome arms and represent unconstrained and untethered chromosomal regions in the nuclear space [START_REF] Agmon | Effect of nuclear architecture on the efficiency of double-strand break repair[END_REF][START_REF] Berger | High-resolution statistical mapping reveals gene territories in live yeast[END_REF].

In a variant donor construct referred to as intra-chromosomal, the LY and S2 donors at LYS2 are separated by a ~1 kb spacer containing the HIS3 gene for selection purposes (Fig. 2B). The other copy of LYS2 is replaced with URA3. The remaining endogenous URA3 gene on chrV is deleted.

In variant donor constructs, referred to as "ectopic", the S2 donor together with the HIS3 marker is inserted at the CAN1 locus on the left arm of chrV, 83 kb away from the URA3 locus. It is inserted either on the same chromosome as the DSB-inducible construct (ectopic-cis) or on the homologous chromosome (ectopic-trans) (Fig. 2B). The other CAN1 gene is the can1-100 allele of the W303 background.

Strains for the JM-Capture assay

The haploid strain used for physical detection of D-loops bears a DSB-inducible construct that replaces URA3 on chrV. It is similar to the DSB-inducible construct, except that the region of homology is the first 2 kb of the LYS2 gene (LY) (Fig. 2C). The donor locus is of identical sequence and located at LYS2 on chrII.

For the study of internal D-loops, terminal D-loops, and MI, a variant of the intra-chromosomal donors configuration is used, in which an additional 193 bp pad (PhiX genome) together with an EcoRI site was placed immediately 5' of the S2 donor for the physical detection of D-loops formed at S2 and of MI formed between the LY and S2 donor (Fig. 2D).

Yeast culture media

1. YPD medium: 1 % (w/v) of Bacto yeast extract (BD Biosciences), 2 % (w/v) Bacto peptone (BD Biosciences), 2 % (w/v) D-glucose. Autoclave or filter-sterilize and store at room temperature (RT).

2. YEP-Lactate medium: 1 % (w/v) of Bacto yeast extract (BD Biosciences), 2 % (w/v) Bacto peptone (BD Biosciences), 2 % (v/v) Sodium DL-lactate (60 %, Sigma-Aldrich).

Autoclave or filter-sterilize and store at RT.

3. Optional: SD-Histidine medium: 0.67% (w/v) nitrogen base w/o amino acids (BD Biosciences), 0.087% (w/v) histidine drop out mix, 2 % (w/v) D-glucose. Autoclave or filter-sterilize and store at RT. 4. SD-Lysine agarose plates: 0.67% (w/v) nitrogen base w/o amino acids (BD Biosciences), 0.087% (w/v) lysine drop out mix, 2 % (w/v) D-glucose, 2% agar. Autoclave and store at 4 °C. 5. YPD agarose plates: 1 % (w/v) of Bacto yeast extract (BD Biosciences), 2 % (w/v) Bacto peptone (BD Biosciences), 2 % (w/v) D-glucose, 2% agar. Autoclave and store at 4 °C.

6. galactose 20 % (w/v). Dissolve with moderate heating. Filter-sterilize and store at RT. 7. Optional: SD-Histidine agarose plates: 0.67% (w/v) nitrogen base w/o amino acids (BD Biosciences), 0.087% (w/v) histidine drop out mix, 2 % (w/v) D-glucose, 2% agar.

Autoclave and store at 4 °C.

Equipment and reagents

Both assays

1. Standard yeast culture equipment (orbital shaker, rotator, and incubator at 30 °C, 100 ml and 250 mL culture flasks, 15 and 50 mL tubes). 

Spectrometer (or hemocytometer

33.

Quantitative PCR primers (Table 2).

METHODS

Genetic assay to determine MIR frequency.

Day 1: Pre-culture 1.

Inoculate 5 mL of YPD with a fresh colony taken from a YPD plate and grow to saturation overnight at 30 °C with shaking (Note 2).

Day 2: DSB induction and cells spreading

2.

In the morning, measure the cell concentration of the overnight culture.

3.

Dilute the culture at ~2.10 6 cells/mL in 30-40 mL of YEP-lactate and grow for 5-6 hr at 30 °C with shaking until the cells have reach the exponential phase (5.10 6 to 10 7 cells/mL).

4.

Meanwhile, label the plates and tubes required for spreading cells (Note 3).

5.

Measure the cells concentration and take the "uninduced" time point (Note 4). Harvest the cells by centrifugation at 1,000 g for 5 min at RT. Remove the supernatant and spread the pellet (~100 µL) on a SD-LYS plate. Perform a control plating of 100 cells on rich (YPD) media, after two serial dilutions of the culture in sterile water. (Note 5).

6.

Induce DSB formation by adding galactose at a final concentration of 2 %. Incubate in the 30 °C shaker for 2 hr.

7.

Measure the cells concentration and spread cells on SD-LYS. Perform a control plating of 100 cells on rich (YPD) media after two serial dilutions of the culture in sterile water.

8.

Plates are grown in the incubator at 30 °C for 3 days (Note 6).

9.

Count colonies on both SD-LYS and YPD plates. Calculate the basal and induced Lys + frequencies by counting colonies formed on SD-LYS, normalized for the plating efficiency determined with colonies formed on YPD. Also, calculate cells viability following DSB formation by comparing plating efficiencies before and after DSB formation.

Physical assay for the detection of DNA joint molecules in S. cerevisiae.

Pre-culture, site-specific DSB induction, and psoralen crosslinking Day 1: Pre-culture 1. Inoculate 5 mL of YPD with a fresh colony and grow to saturation overnight at 30 °C.

Day 2: Culture

2.

In a 50 mL falcon tube wrapped in an aluminum foil, prepare the 5X psoralen stock solution in a maximum of 7 mL of absolute ethanol and seal with parafilm. Place the tube in orbital agitation at a ~30° angle at ~150 rpm overnight at RT (Note 7).

3.

In the evening, dilute the saturated culture at ~2.10 5 cells/mL in 80 mL YEP-lactate in a 500 mL flask, so that the cells are in exponential phase the next morning (5.10 6 to 10 7 cells/mL) (Note 8).

Day 3: Time course

4.

Harvest a "no DSB' time point prior to galactose addition. Add galactose at a final concentration of 2 %.

5.

At each time point, collect 1.5x10 8 cells and place in ice. 

41.

Quantitative PCR results are analyzed on the LightCycler 96 Software 1.1 (Roche). All amplification results are normalized to the reference ARG4 locus on chrVIII.:

• The efficiency of DSB formation at the HOcs is normalized to the uncut level (i.e.

prior to galactose addition). A decrease in signal indicates cutting.

• The digestion and intramolecular ligation efficiency of a 1,904 bp linear dsDNA fragment from chrVIII (YHR028C) allow determining the restriction digestion and ligation efficiency (Note 16).

• The crosslinking efficiency can be measured by amplification of the unique PhiX sequence on the 5' side of the homology region on the broken molecule (Note

17).

• The internal and terminal JM-Capture signals (Note 18).

• The MI Capture signal (Note 18).

CONCLUSION

These assays allow determining changes in both MIR frequency and amount of JMs in various sequence or mutant contexts. We provide here an example of diploid cells defective for the Mph1 Pâques and Haber, 1997; [START_REF] Sugawara | DNA structure-dependent requirements for yeast RAD genes in gene conversion[END_REF]). Both deletions cause a significant 2-to 3-fold increase in MIR frequency (Fig. 5A). Combining both mutations yields a synergistic 10-fold increase (Fig. 5A).

The metabolism of internal and terminal D-loops, as well as MI was determined in diploid cells with the JM-Capture assays (Fig. 2D). As reported previously (Piazza et al., 2019;[START_REF] Piazza | Multi-invasions are recombination byproducts that induce chromosomal rearrangements[END_REF], JM-Capture depends on DSB formation and Rad51 (Fig. 5B). Furthermore, D-loop Capture depends on the restoration of the EcoRI restriction site on the broken molecule with a complementary oligonucleotide (olWDH1770) while MI does not (Fig. 5B). None of the mutation or their combination significantly affect the amount of internal D-loops (Figs. 5B andC).

However, deletion of both genes leads to a significant 2.5-fold increase of terminal D-loops, as well as MI while individual mutations have modest effects (Figs. 5B andC) [START_REF] Piazza | Multi-invasions are recombination byproducts that induce chromosomal rearrangements[END_REF].

Hence, the increased MIR frequency observed in the mph1 rad1 mutant is associated with an increased amount of MIs precursors in the cell population. The associated increase in terminal Dloops (but not internal D-loops) suggest that Rad1-Rad10 and Mph1 limit MI formation and/or stability by specifically preventing formation or destabilizing terminal D-loops. The results illustrate the benefit of combining these physical and genetic assays to decipher the regulation of the metabolism of different types of JMs and the consequences of defects on genomic instability by MIR.

NOTES

1. The "hybridization oligonucleotide" is used to restore the restriction sites on the ssDNA produced by resection and DNA synthesis (in the 5' and 3' unique sequences flanking the region of homology "A", respectively). It has been designed to be properly oriented and encompasses the restriction site with at least ~80 nt internal to the restriction fragment, in order to remain bound during the restriction enzyme inactivation steps (55 °C) and up to the ligation step of the procedure. To avoid artifactual amplification during the qPCR, the five nucleotides at the 3' end are heterologous.

2. The strains bearing the donors in the intra-chromosomal configuration (Fig. 2B) have a higher basal Lys + frequency than other strains. To limit the basal Lys + frequency, cells can be grown on SD-HIS plates and media prior to dilution in YEP-Lactate.

3. For each time point, label one SD-LYS, one YPD plate, one 15 mL Falcon tube (for collecting 5.10 7 cells at the t0 time-point), two 1.5 mL microfuge tubes with 1 mL of sterile water for the dilution required for plating 100 cells on YPD.

4. For wild type cells with the inter-chromosomal and ectopic donors, this is usually 5.10 7 cells (basal) and 10 6 cells (induced). Collect cells and harvest them by centrifugation at 2,500 g for 5 min. Resuspend in 100 µl autoclaved water and spread on a plate.

5. The basal spreading enables determining the proportion of translocants in the culture assayed prior to DSB induction. In rare instances, an early clonal translocation event will yield a high basal Lys + frequency [START_REF] Lea | The distribution of the numbers of mutants in bacterial populations[END_REF][START_REF] Luria | Mutations of bacteria from virus sensitivity to virus resistance[END_REF], preventing determination of the induced Lys + frequency in this culture. Consequently, such a sample should be removed from the analysis.

6. This can be longer for slow-growing mutants. Quantitative PCR reactions performed and their purposes. See Table 2 for the primers used. (WDHY5367), rad1 (WDHY5326) and mph1 rad1 (WDHY5368) strains. See Table 1 for full genotypes.

FIGURE AND TABLE LEGENDS

Table 1: Genotypes of Saccharomyces cerevisiae strains used in this study.

All strains share the W303 background. 

Broken molecule dsDNA donors

Translocation

MI disruption

Multi-invasion

Junctions cleavage 5'

3' 

Additional one-ended DSBs

6 .

 6 Harvest the cells by centrifugation at 1,500 g at 4 °C for 5 min. Meanwhile, prepare the 1X psoralen solution (50 mM Tris-HCl pH 8.0, 50 mM EDTA pH 8.0, 0.1 mg/mL Psoralen, 20% ethanol; Note 9) in a 50 mL Falcon tube wrapped in aluminum foil and label the 60 mm petri dishes. Discard the supernatant and drain well. Keep cells in ice. Quantitative PCR, analysis, and normalization 39. Setup the 20 µL qPCR reactions according to the Power SYBR Green PCR Master Mix manufacturer instructions. Use 2 µl of DNA (~10 5 genomes) per reaction. Each reaction is run in technical duplicate. Several reactions are performed: their function and primers are indicated in Fig. 4C. Primer sequences are available inTable 2. For primer design, see Note 15. 40. The qPCR cycles are as follow: one initial denaturation step (10 min at 95 °C), 50 amplification steps (15 seconds at 95 °C, 12 seconds at 61 °C and 15 seconds at 72°C followed by a fluorescence recording), and a final melting curve (65 °C to 97 °C with 0.11 °C/second increment and continuous fluorescence recording) to determine the melting temperature of the amplified product (Note 15).

  helicase (human FANCM; a protein involved in D-loop disruption (Mazon and Symington, 2013; Piazza et al., 2019; Prakash et al., 2009)) and the Rad1-Rad10 endonuclease (human XPF-ERCC1) involved in 3' flap cleavage during HR (Fishman Lobell and Haber, 1992; Ivanov et al., 1996;

7 . 9 . 10 .

 7910 Multiple factors influence the efficiency of the psoralen crosslink, and thus the interexperiment reproducibility of the JM-Capture assay. Notably, the quality of dissolving the psoralen in the 5X stock solution, the time between dilution of the working psoralen 1X solution and time of use, the optical density and volume of the solution at the time of crosslink, and the distance between the lamp and the petri dish. These parameters should be kept as constant as possible. A number of inter-experimental variations can be offset by the use of a reference (e.g. wild type) strain included for comparison at each time point, onto which the mutant results are normalized. Additionally, the JM-C values can be normalized over the crosslinking efficiency values determined by qPCR. 8. Count ~ 3h of lag phase and ~ 2h per doubling time. This corresponds to inoculating the culture at approximately 2.10 5 cells/mL at 6 pm to result in the expected cell density the next morning. Make the psoralen 1X solution fresh at every time point. Place the 5X psoralen stock solution back in agitation between each time point. Psoralen must be handled under the hood. Check spheroplasting under the microscope. Spheroplasting must not be carried out for too long. Spheroplasting time may need to be redefined for each Zymolyase stock solution.FUNDING AP was supported by fellowships from the Fondation ARC pour la Recherche sur le Cancer, EMBO (ALTF-238-2013), and the Framework Project 7 of the European Union (Marie Curie International Outgoing Fellowship 628355) administered by the Institut Pasteur, France. This research was supported by NIH grants GM58015 and CA92276 to WDH and a CNRS Momentum grant for AP.

Figure 1 :

 1 Figure 1: Overview of D-loops and MIs metabolism, as well as the formation of chromosomal rearrangements by MIR. (A) D-loops are metastable reversible JM intermediates formed at a homologous region. (B) Overview of the MIR pathway. The MI JM contains two D-loops: one terminal, and one internal relative to the end of the broken molecule.

Figure 2 :

 2 Figure 2: Genetic constructs for studying JM metabolism and MIR in S. cerevisiae cells. (A) Rationale of the MIR assay. The translocation of the two undamaged LY and S2 donors on chrII upon DSB formation on chrV at one side of an overlapping homology region YS leads to the restoration of the LYS2 gene. This event confers Lysine prototrophy to the cell, which can be selected on media lacking Lysine (SD-LYS). Each "letter" is 1 kb-long. The DSB is repaired by gene conversion using the homologous chrV, which results in the conversion of the DSB-inducible construct to URA3 (Piazza et al., 2017). (B) Genetic constructs with varying donor configurations used to study MIR in diploid cells: inter-chromosomal (WDHY5144), intra-chromosomal (WDHY4917), ectopic-cis (WDHY5315) and ectopic-trans (WDHY5316) (Piazza et al., 2017). (C) Genetic construct used to study nascent and extended D-loops metabolism with the JM-Capture assay in haploid cells (WDHY5511) (Piazza et al., 2019). Because it lacks homology on the other side of the DSB, this design precludes the formation of JM intermediates downstream of extended D-loops (such as double Holliday Junctions). Repair completion by break-induced replication is lethal. This strategy prevents changes in the amount of the JM intermediates due to the dilution of cells undergoing repair by those having resumed growth. (D) Genetic construct used to study MI as well as internal and terminal D-loop metabolism in diploid cells (WDHY5325). As in (C), repairing the break is impossible because all the chromosome V chromatids are broken. A 193 bp phage PhiX sequence together with an EcoRI site (pink) has been inserted immediately 5'

Figure 3 :

 3 Figure 3: Genetic assay for determining MIR frequency. (A) MIR assay experiment. (B) Kinetics of DSB formation, resection, and repair determined by Southern blot analysis in WDHY5144 (described in (Piazza et al., 2017)). A represents AvrII sites. (C) Example of plates obtained in a typical experiment. (D) Translocation (Lys + ) frequency before and after DSB induction in wild type cells with donors in the inter-chromosomal configuration (WDHY5144) plated at different time before and after galactose addition.

Figure 4 :

 4 Figure 4: JM-Capture assay. (A) Outline of the D-loop Capture assay. Restriction sites for EcoRI are denoted by an E and in parenthesis in their ssDNA form. (B) Outline of the MI-Capture assay. (C) Apparatus used for UV-induced DNA crosslink with psoralen. (D)

Figure 5 :

 5 Figure 5: Requirements and example of the regulation of JMs and MIR by Mph1 and Rad1-Rad10. (A) MIR frequencies in mph1 (WDHY4431) rad1 (WDHY4273) and mph1 rad1 (WDH4490) strains. (B and C) Detection of internal D-loops, terminal D-loops and MI JMs 3 hr post DSB induction in diploid wild type (WDHY5325), rad51 (WDHY5147), mph1

  ).

	26.	1X TE pH 8.0 buffer: 10 mM Tris-HCl (pH 8.0), 1 mM EDTA (pH 8.0)
	27.	Tri-Methyl-psoralen (TMP or Trioxsalen) ≥98% (Sigma-Aldrich, cat. T6137)
	28.	TE1 buffer : 50 mM Tris-HCl (pH 8.0), 50 mM EDTA (pH 8.0)
	29.	10 mg/mL Proteinase K.
	30.	Faststart Essential DNA Green Master (Roche, cat. 06402712001).
	31.	LightCycler Multiwell plate 96 white (Roche, cat. 04729692001) and adhesive plate
		sealer (Sigma, cat. Z722553).
	32.	Hybridization oligonucleotide (olWDH1770, Table 2, and see Note 1).
		3. Benchtop centrifuge with 50 mL tubes adaptors.

Table 2 : Primers used in this study. Dataset S1: Annotated sequences of the DSB-inducible and donor constructs used in this study.
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