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Extended Data Fig. 4 | Optimization of KIT PE efficiency and culture 
conditions for HSPC editing. (A) Sanger sequencing traces showing the 
introduction of the KIT D121L mutation by prime editing (PE3). Additional  
base mismatches are introduced to evade the cellular mismatch repair (MMR) 
and increase editing efficiency. Spacer and PAM are highlighted by the grey  
and yellow bars, respectively. (B) Quad-plot indicating the base changes at each 
position within the KITD121L pegRNA, with highlighted editing of the target bases 
(red squares). Spacer and PAM are highlighted by the grey and yellow bars, 
respectively. (C) Electroporation pulse optimization for efficient delivery of  
PE mRNA into CD34+ HSPCs using Lonza-4D Nucleofector. Bar plot reporting 
editing efficiencies for different prime editing strategies (PE2, PE3, PE3b) and 
four electroporation pulses (DS130, CA137, DZ100, EO100). (D) CD34+HSPC 
culture media formulations based on StemCell StemSpan SFEMII or Lonza 
X-VIVO15 tested for PE optimization. (E) Viability of CD34+ HSPCs 24 h after 
electroporation with PE mRNA and pegRNA, cultured in the 4 different media 
described in panel D. (F) KIT PE efficiencies across different media compositions 
in SFEMII and X-VIVO15. (G) Absolute counts of CD45RA-CD90+ cells after  
PE and culture with the different media compositions. (H) EGFP Median 
Fluorescence Intensity (MFI) as a surrogate marker of transfection efficiency 
and mRNA translation in different progenitor subpopulations gated on 
CD45RA and CD90 subsets, according to media composition. (I) Correlation 
between EGFP MFI (see panel H) and KITD121L PE efficiency across tested 
conditions. ( J) Quantification of KITD121L (left) and BCL11A+58 (right) PE 
efficiency in human CD34+ HSPCs using the PE3 strategy with or without  
co-electroporation of VPX mRNA and nucleoside supplementation (dNS). 
Mean±SD. N = 3 donors. (K) Absolute counts of KIT prime edited HSPCs vs 
AAVS1 control during in vitro expansion culture in the presence of SCF. Stacked 
bar plots report the different progenitor subpopulations by flow cytometry. 
Mean ± SD. N = 3 donors. Two-way ANOVA with multiple comparisons.  
(L) Phospho-flow analysis of CD34+ HSPCs-derived myeloid culture comparing 

non-edited, electroporation only (EP only) and KITD121L PE3-edited conditions. 
CD34+ cells were thawed, edited and cultured in myeloid-differentiation 
media, before overnight starvation and challenge with different stimuli. The 
Median Fluorescence Intensity (MFI) of the Fluorescence Minus One (FMO) 
control was subtracted from each replicate value for each marker to account 
for background staining. MFI was normalized between 0 and 1 to enable 
plotting of different parameters on the same scale. N = 3 biological replicates 
(independent donors). Representative flow plots for all markers and stimuli are 
reported as Supplementary Figs. 6 and 7. (M) Experimental layout for RNAseq 
of KITD121L epitope edited CD34+ HSPCs. Cells were thawed and edited as 
previously described, cultured for 4 days to allow substitution of the receptor 
protein on the cell surface, starved for cytokines (overnight) and stimulated 
with SCF. Cells were harvested at 24 h after the start of stimulation for RNAseq 
(Plasmidsaurus), respectively. The experiments were performed in biological 
replicates (N = 3 independent HSPCs donors). (N) PCA plot of the first two 
principal components for the RNAseq dataset from the experiment described 
in (M). Samples are labeled by stimulation and donor origin. (O) Heatmap 
reporting the significant DEGs resulting from the SCF stimulation vs 
unstimulated comparison. Each column corresponds to a sample (see mapping 
reported above the heatmap and legend on the right), while rows correspond  
to transcripts. As depicted by the dendrogram, unbiased clustering  
shows predominant effects of the stimulation, while editing conditions are 
distributed within each cluster. Full comparisons are available in Supplementary 
Table 4. (P) RNA-seq analysis of KITD121L epitope- or BCL11A- edited CD34+ 
HSPCs, with or without stimulation with SCF, compared to AAVS1 control 
edited cells. log-scale scatter plot of the mean gene expression values of  
the AAVS1 control and KIT- or BCL11A- edited cells, either at the baseline  
(top) or after stimulation with SCF (bottom). N = 3 biological replicates. 
Unstim., unstimulated.
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Extended Data Fig. 5 | On-target and off-target genomic safety analyses of 
PE and BE HSPCs. (A, B) NGS amplicon sequencing of on-target prime editing 
sites on CD34+ HSPCs edited for either KIT or BCL11A, during in vitro expansion 
culture, according to PE approach. Bar plots report results for KIT (A), and 
BCL11A (B). Perfect edits entail precise introduction of pegRNA specified 
genomic changes. Mean ± SD. N = 3 biological replicates. (C, D) NGS amplicon 
sequencing of on-target prime editing sites on in vitro differentiated erythroid 
cells derived from CD34+ HSPCs edited for either KIT, BCL11A or both, 
according to PE approach. Bar plots report results for KIT KIT (C), and BCL11A (D). 
Perfect edits entail precise introduction of pegRNA specified genomic 
changes. Mean ± SD. N = 3 biological replicates. (E) rhAmpseq targeted NGS  
re-sequencing of genomic sites showing statistically significant editing in 
KITH378R, BCL11A+55/+58 triplex BE HSPCs as compared to unedited controls.  
The editing difference (%) of BE samples vs controls for sites that showed 
significant editing (vs controls) is displayed. Off-target sites are separated  
by sgRNA (KIT, top; BCL11A+55, middle; BCL11A+58, bottom). N = 3 biological 

replicates (independent donors). (F) rhAmpseq targeted NGS re-sequencing of 
genomic sites showing statistically significant editing in KITD121L and BCL11A+58 
duplex PE HSPCs as compared to unedited controls. The editing difference (%) 
of PE samples vs controls for sites that showed significant editing (vs controls) 
is displayed. Off-target analyses are separated by PE approach (KIT PE2/BCL11A 
PE3, KIT PE3/BCL11A PE3) and whether substitutions (top 2 plots) or indels 
(bottom 2 plots) were detected. N = 3 biological replicates. (G) Design of UDiTaS 
(Uni-Directional Targeted Sequencing) strategy to detect translocations  
in multiplex BE CD34+ HSPCs. (H) Circos plot displaying UDiTaS results for 
KITH378R, BCL11A+55/+58 triplex BE HSPCs. N = 3 biological replicates (independent 
donors). (I) Design of UDiTaS (Uni-Directional Targeted Sequencing) strategy 
to detect translocations in multiplex PE CD34+ HSPCs. ( J) Circos plot 
displaying UDiTaS results for KITH378R, BCL11A+55/+58 triplex BE HSPCs. Samples 
in which a translocation product was detected (1% threshold) are highlighted 
by a red outline. N = 3 biological replicates (independent donors).
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Extended Data Fig. 6 | Quantitative estimation of PE-induced translocations 
by digital-droplet PCR (ddPCR). (A) Schematic overview of the ddPCR 
strategy used to detect and quantify chromosomal translocation products 
involving the KIT and BCL11A loci. Translocations were detected through 
custom ddPCR assays using a FAM-fluorescent probe. TTC5 assay (HEX 
fluorescence) was used as internal genomic normalizer. (B) Genomic locations 
of on-target primers at the KIT and BCL11A sites, indicating the “short” and 
“long” amplicon configurations used for qualitative detection of CRISPR-
induced translocations. (C) Editing conditions (gRNA combinations) evaluated 
in the initial screening experiment in K562 cells to assess detection of 
chromosomal translocations between KIT and BCL11A loci. All conditions were 
edited using CRISPR–Cas9 nuclease, except condition #10, which employed 
KIT+BCL11A PE3/PE3 editing using PE7. (D) Agarose gel electrophoresis of  
PCR products generated using long-amplicon primer combinations (indicated 
on the left) across the conditions shown in (C); the editor used (SpCas9 nuclease 
or PE7) is indicated below each condition. Uncropped gels are reported in 
Supplementary Fig. 5. (E) Agarose gel electrophoresis of PCR products 
generated using short-amplicon primer combinations (indicated on the left) 
across the conditions shown in (C); the editor used (SpCas9 nuclease or PE7)  

is indicated below each condition. Uncropped gels are reported in 
Supplementary Fig. 5. (F) Editing conditions evaluated in edited CD34+  
HSPCs to assess detection of KIT–BCL11A translocations in primary cells. 
Conditions #1–4 were edited with PE7, whereas conditions #6–14 were edited 
using CRISPR–Cas9 nuclease. Positive-control translocation-generating 
conditions were performed in triplicate. (G) Agarose gel electrophoresis of 
PCR products generated using short-amplicon primer pairs (indicated on  
the left) across the conditions shown in (F); the editor used (SpCas9 nuclease  
or PE7) is indicated below each condition. PCR experiments reported in  
panels E-G were repeated twice (on K562 cells and CD34+ HSPCs on 3 donors). 
Uncropped gels are reported in Supplementary Fig. 5. (H) ddPCR quantification 
of KIT–BCL11A translocations in edited K562 cells used as positive controls. 
Primer combinations used for each assay are indicated above bar groups, with 
the green dot indicating the location of the fluorescent probe (see also Supp.
Table 2), and corresponding gRNA/editor combinations are shown below the 
plot. (I) ddPCR quantification of KIT–BCL11A translocations in edited CD34+ 
HSPCs. Primer combinations and corresponding gRNA/editor conditions are 
indicated below the plots. Mean ± SD. N = 3 donors.
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Extended Data Fig. 7 | Secondary transplantation of epitope-edited HSPCs 
after non-genotoxic hematopoietic replacement. (A) Human chimerism 
assessed by flow cytometry (hCD45+ w/in total CD45+) in the BM of secondary 
recipients of the experiment in Fig. 5a. Mean ± SD. N = 3 mice per group.  
(B) Absolute counts of hCD45+ cells within the BM of secondary recipients 
transplanted with BM cells from the experiment in Fig. 5a. Mean ± SD. N = 3 mice 
per group. (C) Absolute counts of human cells within the BM of secondary 
recipients, according to fluorescent protein marking. Mean ± SD. N = 3 mice per 
group. (D) Relative composition of human CD45+ cells in the BM of secondary 
recipients, according to fluorescent protein marking. N = 3 mice per group.  
(E) Relative composition of KITD121L editing outcomes within myeloid cells 
(CD33/66+) as visualized by dual staining with SR-1 and 104D2 clones. Mean ± SD. 
N = 3 mice per group. (F,G) Representative flow cytometry plots of myeloid 
cells (pre-gated on hCD45+CD33/66b+) from the BM of secondary recipients 
stained with SR-1 and 104D2 anti-KIT mAb clones, according to treatment and 
editing conditions in the primary mice. Biallelic edited cells are highlighted  
by the purple gate, monoallelic by the pink gate, and unedited (wild-type) by 

the navy gate. (H) Representative flow cytometry gating strategy for bone 
marrow analysis of mice xeno-transplanted with edited HSPCs. Cells are pre-
gated on singlets, live and physical parameter gates. Gated populations:  
total CD45+, human CD45+; total CD19+; total myeloid cells (CD33/66b+); 
monocytes (mono); mast cells (mast); total granulocytes; mature granulocytes 
(PMN, CD10+); immature granulocytes (iPMN, CD10-); classical dendritic cells 
(cDC); pro-B cells (proB); pre-B cells (preB); mature B cells; B-prolymphocytes 
(B-prolymph.); T prolymphocytes (T-prolymph.); myeloblasts; lin-CD34+ 
(CD33/66+ lin-CD34+ and CD33/66- lin-CD34+ are pooled for downstream 
gating); pre-B/NK; granulo-mono progenitors (GMP); common myeloid 
progenitors (CMP); megakaryocyte-erythroid progenitors (MEP); 
hematopoietic stem cells (HSC); multipotent progenitors (MPP); lymphoid-
primed multipotent progenitors (LMPP); multipotent lymphoid progenitors 
(MLP). CountBeads are first gated on singlets as FSC-AlowPIhigh and then with  
two additional fluorescent parameters (plot in the top right corner). See also 
Supp.Table 3 for additional information on gating strategy and the list of flow 
cytometry antibodies used.
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