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Extended Data Fig. 4 | See next page for caption.

Nature Biotechnology



Brief Communication

https://doi.org/10.1038/s41587-024-02488-6

Extended Data Fig. 4| AZD7648 increases frequency of megabase-scale
deletions and chromosome armloss. (a) Frequency of HDR and indels detected
by short-read sequencingin K-562 eGFP cells edited at -1.3 Mb or +1 Mb relative
tothereporter. (b, ¢) K-562 eGFP cells edited at 1.3 Mb were analyzed by droplet
digital PCR to quantify copy numbers of the eGFP cassette in fractions sorted

for eGFP+and eGFP- cells with gating strategy shownin (c). (d) Schematic
representation of chromosome 7 of 1.3 Mb-edited K-562 eGFP clonal cell line,
illustrating potential outcomes editing at 1.3 Mb (e) K-562 eGFP cells edited

at-1.3 Mb or with a non-targeting guide (NT) were analyzed by droplet digital
PCR to quantify copy numbers of KMT2C. Edited cells were analyzed 6 d post-
electroporation. Copy number variation (CNV) is represented by the ratio of
eGFP (b) or KMT2C (e) copy numbers divided by the copy number detected at
chr3:46,270,956-46,271,086, normalized to the unedited condition. Data are
from n=1biological replicate with three technical replicates in (b) and (e).
(b, e) Results are presented as mean + standard deviation.
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Extended Data Fig. 5| See next page for caption.
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Extended Data Fig. 5| AZD7648 increases the frequency of gene expression
loss on the targeted chromosome armin primary cells and organoids.

(a, b) Flow cytometry data (a) and quantification (b) of cell viability of GAPDH
UTR-edited (blue) or mock-electroporated (grey) HSPCs. The fraction of live
cellsis calculated as the ratio of SYTOX Red-negative cells to the total number
of events analyzed. (c) Heatmap of residual gene expression of UTR-edited
upper airway organoids across the entire genome. (d, €) Mean normalized
gene expression of edited upper airway organoid cells (d) and frequency of
upper airway organoid cells with gene expression gain (average residual gene
expression>1.05 - inred), unmodified gene expression (from 1.05to 0.95),

or gene expression loss (< 0.95 - inblue) (e) in the telomeric or centromeric
segment of the GAPDH UTR target site. (f, g) Heatmap showing the residual gene

expression of UTR-edited HSPCs across the entire genome (f) and specifically
on chromosome 12 (g). (h, i) Mean normalized expression of transcripts (h)
and frequency of HSPCs with gene expression gain (average residual gene
expression >1.05 - inred), unmodified gene expression (from 1.05to 0.95),

or gene expression loss (< 0.95 - in blue) (i) in the telomeric or centromeric
segment of the GAPDH target site for edited HSPCs. The number of analyzed
cells per conditionin (c) and (f) ranged from 9,296 to 14,871. The red triangles
indicate the Cas9 RNP target sites. Telomeric and centromeric segments were
defined as the chromosome start to the GAPDH target site (chr12:6,535,922) and
the 7.0 Mb region immediately downstream of the cut site. Dataare fromn =1
biological replicate.
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Extended Data Fig. 7| Addition of PolQi2 preserves high HDR and limits
occurrence of AZD7648-induced kilobase-scale deletions. (a) Schematic of
the editing workflow. RPE-1p537~ and RPE-1p53** cells were electroporated with
aCas9 RNP, with co-delivery of assODN HDR donor. Edited cells were treated with
1uMAZD7648 and/or 3 uM PolQi2 for 3 dimmediately following electroporation.
(b, ¢) Frequency of HDR and indels detected by short-read sequencing in RPE-1

p537 (b) and RPE-1p53* cells (c) edited at HBB, CCRS and GAPDH. Genomic
DNA was collected 3 d post-electroporation. (d-f) Quantification by long-read
sequencing of the fraction of total reads with alength greater than a defined
size and quantified frequency of deletions larger than1kb in RPE-1 p53™ edited
without the ssODN HDR donor (d) and RPE-1p53** edited without (e) or with the
ssODN HDR donor (f). Data are from n = 1 biological replicate.
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Extended Data Fig. 8| AZD7648 and PolQi2 in combination did not reduce
chromosome arm loss when co-delivered with anssODN HDR template.

(a) Schematic of the region of chromosome 7 surrounding the eGFP insertion
siteina clonal K-562 cell line. The position of the single-copy eGFP insertion site
and of the SMURF1 (-1.3 Mb) locus are indicated. The red triangle represents the
Cas9 RNPtarget site. (b) Frequency of HDR and indels detected by short-read
sequencinginK-562 eGFP cells edited at SMURFI. Genomic DNA was collected 6 d

post-electroporation. (c) Quantification by long-read sequencing of the fraction
of total reads with alength greater than a defined size and quantified frequency
of deletionslarger than1kbin K-562 eGFP edited at SMURF1 in the absence of
ssODN delivery (left panel) and inits presence (right panel). (d, e) Quantification
(d) and illustrative flow cytometry data (e) of the eGFP-negative cell fraction.
Edited cells were analyzed 6 d post-electroporation. Data are from n = 1biological
replicate, except for (d) with n=2biological replicates.
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Data collection  ddPCR data was collected using QX200 Droplet Reader and QuantaSoft software v1.7.4.0917 (BioRad). Chromium Controller (Firmware v4.0)
was used for scRNA-seq. Genomic DNA was quantified using using NanoDrop 8000 Spectrophotometer or Qubit Fluorometers (APP 2.02 +
MCU v0.26). PCR products were quantified using Qubit 4.0 Fluorometer (APP 2.02 + MCU v0.26) or Victor NIVO multimode plate reader with
Control software v4.0.7 and characterized using Agilent Tapestation software v5.1. Flow cytometry data were collected using the Attune NxT
Cytometer (with autosampler) and Attune NxT Software v3.2.1. For cell sorting experiments, the Sony SH800S device and Cell Sorter Software
v2.1.6 were used.

Data analysis Microsoft® Excel for Mac (v16.84) and GrapPad Prism v10.0.3 (217) for Mac were used for data analysis and figures. Flow cytometry data
were analyzed using FlowJo v10.8.2. Short-read sequencing were analyzed using CRISPResso2 (v2.0.20b) and ICE Synthego v3.0 for indel
analysis. Long-read sequencing were analyzed using cutadapt (version 4.6), minimap 2 (version 2.24-r1122), deepTools (version 3.5.4), bioawk
(version 1.0) and described at https://github.com/cornlab/summarizeOntDeletions. R (4.2.1), infercnv(1.12.0), Seurat (5.1.0), dplyr (1.1.4),
ggplot2 (3.5.1), ComplexHeatmap (2.20.0), were used for single-cell RNA sequencing analysis. CAST-seq were analyzed as described at https://
github.com/AG-Boerries/CAST-Seq
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Sequencing data for short-read, long-read, and CAST-sequencing are available in the Sequence Read Archive under BioProject PRINA1167903. GRCh38 was
downloaded from GenBank. All the raw data supporting the findings of this study are available from the corresponding author upon reasonable request.
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Reporting on sex and gender The primary cell samples used in this study were de-identified, so we do not have information on the donors' gender.

Reporting on race, ethnicity, or  The primary cell samples used in this study were de-identified, so we have no information on the race, ethnicity or other
other socially relevant socially relevant groupings.

groupings

Population characteristics The primary cell samples used in this study were de-identified, so we have no additional information on the population
characteristics, other than the fact that they came from adult donors.

Recruitment The human G-CSF-mobilized CD34+ HSPC from adult healthy donors were purchased from the Fred Hutchinson Cancer
Center. The human nasal epithelial samples were collected from healthy volunteers.

Ethics oversight The human nasal epithelial samples were collected in accordance with ethical guidelines of ETH Zurich Ethics Commission

(EK-2024-N-171-A) and Cantonal Ethics Committee Zurich (Reg-2024-00558).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Sample size No formal sample size calculations were performed. The sample size was considered sufficient based on consistent measurable differences
observed and in line with previously published studies conducting similar analyses.

Data exclusions  No data were excluded from the analyses

Replication Replicates were not performed, except for the gene editing assay using flow cytometry as the readout. In this case, the number of individual
biological replicates is specified in the figure legends.

Randomization  No randomization was performed. All independent biological experiments were treated equally

Blinding Blinding was not performed as the data were not subjective.
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Cell line source(s) The hTERT RPE-1 p53+/+ and hTERT RPE-1 p53-/- cells were a gift from Stephen Jackson (with hTERT RPE-1 originally
purchased from ATCC).
The human G-CSF-mobilized CD34+ HSPC from adult healthy donors were purchased from the Fred Hutchinson Cancer
Center.
The human nasal epithelial samples were collected from healthy volunteers.
The K-562 cells were purchased from ATCC

Authentication The hTERT RPE-1 p53+/+, hTERT RPE-1 p53-/-, K-562, and K-562 eGFP cell lines were STR-profiled.

Mycoplasma contamination The hTERT RPE-1 p53+/+, hTERT RPE-1 p53-/-, K-562, and K-562 eGFP cell lines were routinely tested negative for
mycoplasma (MycoAlert, Lonza).

Commonly misidentified lines  No commonly misidentified cell lines were used.
(See ICLAC register)

Plants

Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A

Flow Cytometry

Plots

Confirm that:
The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
All plots are contour plots with outliers or pseudocolor plots.

|Z A numerical value for number of cells or percentage (with statistics) is provided.

Methodology
Sample preparation The FIRE K-562 and eGFP K-562 were directly transferred for analysis. Cell viability of GAPDH-edited HSPCs analyzed by
single-cell RNA sequencing was also quantified using SYTOX™ Red Dead Cell Stain (1:1000 dilution).
Instrument Attune NXT Cytometer (with autosampler) and SH800S Cell Sorter (Sony) for cell sorting.
Software Attune NxT Software v3.2.1. and Cell Sorter Software v2.1.6

Cell population abundance Purity of sorted fractions was not quantified.




Gating strategy Cells were first gated on morphology (FSC-A vs SSC-A), for single cells (FSC-A vs FSC-H) and then on mScarlet and eGFP
expression. The gating strategy is shown in Extended Data Figure 2b.
Edited K-562 cells expressing eGFP were first gated on morphology (FSC-A vs SSC-A), for single cells (FSC-A vs FSC-H) and then
on eGFP expression. The gating strategy is shown in Extended Data Figure 4c.
Edited HSPCs were first gated on morphology (FSC-A vs SSC-A), for single cells (FSC-A vs FSC-H) and then on SYTOX™ Red
Dead Cell Stain level. The gating strategy is shown in Extended Data Figure 5a.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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