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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

Research involving human participants, their data, or biological material
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

Reporting on race, ethnicity, or
other socially relevant groupings

Population characteristics

Recruitment

Ethics oversight

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.

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

Data exclusions

Replication

Randomization

Blinding

All datasets used in this publication are publicly available. The synthetic sequence templates from Liu et al. 2009 were obtained from the NCBI Gene Expression
Omnibus (GEO) database under the accession number GSE124309. The nanopore read signals for the in-vitro transcribed (IVT) RNAs obtained from these synthetic
sequence templates with m6A, m5C, or no modifications, were obtained from NCBI Sequence Read Archive (SRA) under accessions PRJNA511582 and
PRJNA563591. Nanopore data for the synthetic transcripts from Jenjaroepun et al. 2021 was obtained from The Sequence Read Archive (SRA) accession
PRJNA497103. Nanopore data for HEK293 WT and METTL3-KO samples from Pratanwanich et al. 2021 was obtained from the European Nucleotide Archive (ENA)
under accession PRJEB40872. Data from the m6ACE-seq experiments from Koh et al. 2019 was obtained from the NCBI Gene Expression Omnibus (GEO) under
accession number GSE124509. Nanopore data for HeLa WT and HeLa NSUN2 KO and for the embryonic mouse brain tissues produced in this work have been
deposited at NCBI GEO under accession GSE211762. Nanopore sequencing and bisulfite RNA sequencing data for the IVT RNAs is available at NCBI GEO under
accession GSE253150. All source data files for the main and supplementary figures for this publication are publicly available in figshare [10.6084/
m9.figshare.25424857].

N/A

N/A

N/A

N/A

N/A

No sample size was calculated. We used three biological replicates per condition with cell lines, and two or more for mouse embryonic tissues,
which allowed us to estimate the experimental and biological variability in each condition.

Modifications occurring in ribosomal RNA (rRNA) were excluded from this study, as the ribosomal RNA is known to be hypermodified with a
large variety of modifications that, as we show in the manuscript, can affect the detection of m6A and m5C. As only reads for one rRNA (18S)
in mouse were observed, this exclusion does not impact the general results of our analyses.

We used two or three replicates for each of the experiments and show in the manuscript that our analyses are consistent across replicates.
This is shown for the cell lines and the mouse tissues.

Randomization was performed at the time of splitting the available in vitro transcribed datasets into training, validation, and testing. This was
performed only once. Additional randomization of reads and positions was performed once per dataset to estimate the false discovery rate.
For the selection of mouse samples, randomization was not performed. Randomization was also performed when selecting mouse embryos
for RNA sequencing: male and female embryos were randomly selected for each condition. Conditions were known and comparisons were
performed between conditions, so no further randomization was done. No other covariates were used for the analyses of IVT, cell line, or
mouse tissue experiments.

Blinding was not performed in this study, since the sequencing was performed of samples in known conditions, such as a wild type cell or a
knckout. Knowing the condition was essential for the study.
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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 and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(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

Wild animals

Reporting on sex

Field-collected samples

Ethics oversight

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

anti-NSUN2 (1:1000; Proteintech, cat. no. 20854-1-AP), anti-ACTB (1:1000; SantaCruz, cat. no. sc-47778 AF790), anti-rabbit-IR-
Dye680 secondary antibody (1:10,000; LI-COR, cat. no. 925-68071)

anti-NSUN2 antibody validation available from https://www.ptglab.com/products/NSUN2-Antibody-20854-1-AP.htm

anti-ACTB antibody validation available from https://www.scbt.com/p/beta-actin-antibody-c4

HeLa cells (human cervical cancer) were obtained from ATCC (cat. no CCL-2)

HeLa cells were confirmed via short tandem repeat (STR) profiling with CellBank Australia.

HeLa cell cultures were negative for mycoplasma contamination in a test prior to their processing for gene editing.
Additionally, cells were grown in medium supplemented an antibiotic-antimycotic solution (Sigma).

No commonly misidentified cell lines were used in this study.

species: mouse, strain: C57BL/6J, age: embryonic (E12, E15, E18). Mice were collectively housed in standard Makrolon cages, in a
temperature- and humidity-controlled room under a 12h light/dark cycle (lights on at 07:00), with ad libitum access to food and
water.

No wild animals were used in this study.

All mouse cortex samples were obtained sampling randomly male and female embryos. Samples from the same embryonic stage
were pooled. Sex of the embryonic samples was not reported.

No field collected samples were used in this study.

All procedures were conducted in accordance with the Australian National University Animal Experimentation Ethics Committee
(protocol number A2019/46)




