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Reporting Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 
in reporting. For further information on Nature Research policies, see Authors & Referees and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection Illumina Nextseq500, Novaseq 6000 (https://www.illumina.com/) 
WaveFX confocal microscope, Quorum Technologies (http://quorumtechnologies.com/)

Data analysis Bowtie 0.12.7 & 1.1.1 (https://en.wikipedia.org/wiki/Bowtie_(sequence_analysis)),  
R 3.5 & 3.6 (various functions; https://www.r-project.org/) 
Bioconductor EdgeR 3.24.3 & 3.26.8 (https://bioconductor.org/packages/release/bioc/html/edgeR.html) 
Bioconductor tximport 1.12.3 (https://git.bioconductor.org/packages/tximport) 
Biopython 1.69 (https://biopython.org/) 
RNAfold 2.4.11 (http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi) 
scikit-learn 0.21.1(https://scikit-learn.org/stable/index.html) 
Keras 2.2.4 (https://keras.io) 
TensorFlow 1.13.1 (https://www.tensorflow.org/) 
GraphPad Prism 8.1.1 (https://www.graphpad.com/scientific-software/prism/) 
Vast-tools 2.2.2 (https://github.com/vastgroup/vast-tools) 
Perl 5.12.4 & 5.16.3 (https://www.perl.org/) 
Salmon 0.14.1 (https://combine-lab.github.io/salmon/) 
GOrilla gene ontology tool (http://cbl-gorilla.cs.technion.ac.il/) 
ImageJ 1.46 (https://imagej.nih.gov/ij/)

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers. 
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
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Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A list of figures that have associated raw data 
- A description of any restrictions on data availability

All raw data is available upon request. There is no restriction on data availability.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size No sample-size calculations were performed and sample sizes were arbitrarily chosen according to convention in the field. For small-scale 
experiments, the number of replicates exceeds at least 3 biological replicates (= independent experiments) and/or at least 3 technical 
replicates (= repeated measurements of the same original sample). For screens, the initial mutagenized cell pool was split into 3 replicates 
post-selection and processed independently in all downstream steps.

Data exclusions No data were excluded from any experiments and figures shown.

Replication We present no experimental results that were not reproducible.

Randomization Screen samples were processed and sequenced in a randomized manner and labelled with numbers instead of sample names.

Blinding No sample allocation to groups was performed, so blinding was not relevant to this study.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology

Animals and other organisms

Human research participants

Clinical data

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used anti-β-Actin (Αbcam ab8226) 

anti-Cas9 (Diagenode C15200229) 
anti-LbCpf1 (Sigma SAB4200777) 
anti-P53 (Life Technologies AHO0152) 
anti-pRb S807/811 (Cell Signalling 9308) 
anti-p21 (Cell Signalling 2946) 
anti-Myc (Sigma M4439) 
anti-Mouse (Jackson ImmunoResearch 715-035-151) 
anti-Rabbit (Cell Signaling Technology 7074)

Validation All antibodies are commercially available, were validated by the manufacturers and are routinely used in scientific studies and 
publications. Furthermore, positive and negative controls built into our experimental design further confirmed specificity of the 
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Cas9, LbCpf1 and Myc antibodies. Finally the TP53, pRb and p21 antibodies confirmed well established expression responses to 
DNA damage.

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s) HAP1 cells were obtained from Horizon (clone C631, sex: male with lost Y chromosome, RRID: CVCL_Y019). RPE1 (CRL-4000), 
N2A (CCL-131) and HEK 293T cells were obtained from ATCC. CGR8 cells were obtained from ECACC (07032901). HAP1 
individual gene knock-out cell lines were obtained from Horizon: EED (HZGHC001200c001), LDHA (HZGHC004917c008), 
SLC16A1 (HZGHC002882c002), ROCK2 (HZGHC000061c017), SP1 (HZGHC001141c002), ARID1A (HZGHC000618c010), 
DNAJA1 (HZGHC004473c007). 

Authentication HAP1 and RPE1 cells were authenticated by STR profiling at the Centre for Applied Genomics (TCAG) at the Hospital for Sick 
Children (SickKids) in Toronto. HAP1 cells were also whole-genome sequenced.

Mycoplasma contamination All cell lines were routinely tested and confirmed negative for mycoplasma contamination.

Commonly misidentified lines
(See ICLAC register)

None of the cell lines used in this study is listed as commonly misidentified.


