Control

200

150

Amino acid position in GFP (with upstream TAG PTC)

Control

No peptides detected

souBpuUNqe PazZI[BWION

o

Flag

IDUA cDNA

W405X
W405X
+sup-tRNA
(Leu-TAA-1-1)

100%

W405
(wild type)

B Leu

Ac-only sup-tRNA / control

Trp

100 150 200

50
Aligned position across the 3'UTR of proteins translated

o

@ouepunqge pazijew.oN

Post-PTC
controls
(p <0.05)

® GFP

past natural TAG stop codons
Ac-only sup-tRNA / control

controls

Post-NTC

souepunqe) abueyd pjoj} ‘6o
J

03:

GFP

2

0
Log, fold change (abundance)
Engineered sup-tRNA / control

2

~— o

anjea-d pejsnipe %o -

Y O m
o
[$]
=
<
zZ
x
&
=}
(7]
®
s w
£
(o]
[=
) w
g2
AV\O\
S
8 X
46 o\mvv
N /vvfo

—

anjea-d pajsnipe %o -

0

Post-PTC

controls
Post-NTC

r<

roe

souepunge) abueyd pjo} 6o
)

Control / control

Log, fold change (abundance)

1
!
!
!
|
!
|
!
!
|
!
|
!
!
!
|
T
!
|
!
|
I
!
|
!
!
L
!
|
!
|
!
!
|
!
|
!
!
!
!
|
!
1

~ o

anjea-d pajsnipe %607 -

-4

Log, fold change (abundance)

Extended DataFig.9|See next page for caption.
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Extended DataFig.9|Mass spectrometry on PE-installed sup-tRNAs to
evaluatereadthrough of PTCsand NTCs. (a) Evaluation by mass spectrometry
ofthe frequency of amino acid installationin aFlag-tagged murine IDUA cDNA
at position401with awild-type cDNA sequence (W401) or withacDNA sequence
containingaPTC (W401X) and with a PE-installed sup-tRNA sequence.

(b-d) Protein-level analysis of whole proteome mass spectrometry data from
cells prime edited toinstall an ac-only sup-tRNA (b), engineered sup-tRNA (c),
or unedited control cells (d). Log, fold change in protein abundance compared
tounedited control cells. Dashed linesindicate an adjusted p-value of 0.05on
they-axis and log, fold change in abundance of +1compared to unedited
control cells. (e) Normalized abundance of peptides identified past a premature

termination codon (PTC) (top) or past natural TAG termination codons (NTCs)
(bottom) for non-prime edited control HEK293T cells. Dotted lines correspond
totrypsincleavage sites. (f-g) Target-ion mass spectrometry showing changein
abundance of peptides predicted to result from NTC readthrough of the 69
most abundant proteins that use a TAG stop codonin HEK293T cells expressing
anac-only sup-tRNA (f) oranengineered sup-tRNA (g) compared to non-prime-
edited cells. All peptides identified post-PTC (GFP) are significant (adjusted

p <0.05). Peptides for pre-NTC controls and for one post-NTC peptideidentified
arenotsignificant (adjusted p > 0.05). The datashowninfandgareonlya
subset of the complete dataset, whichis provided in Supplementary Table 14.
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Extended DataFig.10|Prime editing-installed suppressor tRNAs that
readthrough prematurestop codonsin GFPreportersinvivo. (a) Sequencing
reads with the specified edit (%) for the brain cortex of BL/6 mice treated with
prime editing agents to convert tRNA-Leu-TAA-2-1into CUA or UCA suppressors
alongside awild-type GFPreporter (WT) or a GFP reporter containing a TAG or
TGAstop codon. (b) Sequencing reads with the specified edit (%) for the brain
cortex of BL/6 mice treated with prime ediing agents to convert tRNA-Leu-TAA-2-1
intoa CUA suppressor or tointroduce abenign Dnmtl edit. (c) Body weight in

BL/6 mice, brain cortex
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grams (g) over time following treatment with prime editing agents, corresponding
to editingshownin (b). N =3 female sup-tRNA mice, 5 female Dnmtl mice,

4 male sup-tRNA mice, 4 male Dnmtlmice. (d) Iduaenzymaticactivity in Hurler
syndrome mice without prime editing treatment. (¢) Hematoxylin and eosin
staining of the brainand liver. Arrows show vacuolated cellsand inset is a high
power magnification of aPurkinje cell. Scale bars are 20 pm and arrow heads
are pointing to areas of marked vacuolization. (f) Tissue pathology score based
on GAG storage evaluated by microscopy. Values and error bars reflect mean +s.d.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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IZ 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
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|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
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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  MiSeq reporter software (v2.6) was used on the lllumina MiSeq to demultiplex HTS data. Beckman CytoFlex LX was used for flow cytometry
with CytExpert Acquisition and Analysis Software (v2.4). Fluorescence activated cell sorting (FACS) was performed on the SONY MASQO Cell
Sorter (Sony Biotechnology) with MASQ0O Cell Sorter software (v3.1). IDT online rhAmpSeq design tool was used for the design of the
rhAmpSeq primer pools for the targeted amplicon sequencing of potential off-target sites.

Data analysis Mean, standard error of the mean, and linear correlation were calculated using GraphPad Prism 10. CRISPRessov2 (v2.2.12) was used to
analyze HTS data for quantifying editing efficiency at the genomic sites (https://github.com/pinellolab/CRISPRess02). Flow cytometry data
were analyzed by FlowJo (v10.10). Sequences for rhAmpSeq amplicons were extracted using the R Bioconductor BSGenomoe package (v1.4.3)
using the GRCh37/hg19 (human) reference genomes).

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 and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio 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 description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

There is no restriction on data availability from this study. Amplicon next-generation sequencing data have been deposited to the NCBI Sequence Read Archive
database under accession PRINA1335297. DNA sequences are available in Supplementary Table 1.
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Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Not applicable.

Reporting on race, ethnicity, or Not applicable.
other socially relevant

groupings

Population characteristics No data on population characteristics were collected.

Recruitment This study does not involve human participants, therefore recruitment is not applicable to this study.
Ethics oversight Not applicable.

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

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.
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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 Sample sizes were n=3 independent biological replicates for validation cell culture experiments, in accordance with previous literature and
standards in the field of genome editing technologies (Anzalone 2019, Banskota and Raguram 2022). Sample sizes for in vivo experiments are

specified in the figure legends. No statistical method was used to predetermine sample size but our sample sizes are similar to those reported
in previous publications (Neumann and Bertozzi 2024, Reichart, Newby, and Wakimoto 2023).

Data exclusions  No data exclusions.
Replication All experiments were conducted at least three times with biological replicates and all attempts at replication were successful.

Randomization  All control and test conditions were assigned randomly. For in vivo experiments, mice were assigned randomly into groups, with consideration
including both sexes in each experimental group.

Blinding HTS validation data were analyzed using an automated CRISPResso2 script that does not allow experimenter intervention, therefore
experimenter was not blinded.

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.
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Cell line source(s) HEK293T cells (ATCC, CRL-3216), HEK293T clone 17 cells (ATCC, CRL-11268)
Authentication Commerecial cell lines were authenticated by the supplier using STR analysis.
Mycoplasma contamination All cell lines were tested negative for mycoplasma.

Commonly misidentified lines  Not used.
(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals |dua-W392X mice were ordered from Jackson Laboratories (Strain #017681) and injected with AAV at post-natal day 0 or 1 (PO/P1).
Mice housing facilities were maintained at 20-22 degrees Celsius with 30-50% humidity. Mice were kept on a 12 h light/dark cycle
with ad libitum access to standard rodent diet and water.

Wild animals This study does not involve wild animals.

Reporting on sex Both sexes were included for each experimental condition for in vivo experiments involving mouse models. Both sexes were assigned
to each experimental group as evenly as possible.

Field-collected samples This study does not involve samples collected from the field.

Ethics oversight Broad Institute IACUC committee (D16-00903; 0162-05-16-2 and 0048-04-15-2) provided ethics oversight for all experiments
involving live animals.

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

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied-
Authentication Describe-any-atuthentication-procedures foreachseed stock-tused-ornovel-genotype-generated—Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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Methodology
Sample preparation Cells were trypsinized, quenched with media, and re-suspended in fresh media for sorting.
Instrument CytoFLEX LX Flow Cytometer (Beckman Coulter, CO6779) was used for flow cytometry.
Software CytExpert Acqusition and analysis Software (v2.4) was used for data acquisition. FlowJo (v10.10) was used for data analysis.
Cell population abundance At least 10,000 events were collected when possible.
Gating strategy Single cells were gated by FSC-A:SSC-A ratio and FSC-A:FSC-H ratio.

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






