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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.
Confirmed

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
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

|X’ 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
N Gjve 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
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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  Sequencing data were collected on the Illumina NextSeq 500 or 2000 (NextSeq Control Software version 2.2.0.4), using standard software for
basecalling (RTA version 2.4.11). Sample demultiplexing was performed using bcl2fastq (v2.20.0.422).

FACS data were collected on a BD Influx (BD FACS Sortware version 1.2.0.142) for sorting experiments

Data analysis Data were analyzed using a combination of publicly available and custom software.
Publicly available software included: SingleCellMultiOmics (v0.1.2.5), cutadapt (version 3.2), bwa (version 2.7.6a), python (versions 3.7.3 &
3.8.2), round_0.20-0, lattice_0.20-45, Rcpp_1.0.7, forcats_0.5.1, stringr_1.4.0, dplyr_1.0.9, purrr_0.3.4, readr_2.1.2, tidyr_1.2.0,
tibble_3.1.7, ggplot2_3.3.6, tidyverse_1.3.1, data.table_1.14.2, R version 4.2.0 (2022-04-22)
All custom scripts to process raw data and generate figures are available at https://github.com/cgeisenberger/taps-manuscript/tree/main/
code

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

Raw sequencing data, metadata and count tables have been made available in the Gene Expression Omnibus under the accession number GSE232637

Data for comparisons to sortChiC sequencing was downloaded from Gene Expression Omnibus accessions GSE164779.

Data for ChIP (ENCFF1900WE for H3K27me3, ENCFF639PLN for H3K36me3). and Whole-Genome Bisulfite Sequencing from K562 (ENCFF721JMB) were downloaded
from the 4D nucleome project

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender n/a

Population characteristics n/a
Recruitment n/a
Ethics oversight n/a

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 No statistical methods were used to predetermine sample size. The number of cells analyzed was chosen to enable sufficient technical
validation and benchmarking of scEpi2-Useq.

Data exclusions  All raw data are uploaded in public repositories.
In downstream analyses, cells were excluded if they did not meet two quality control thresholds: a minimum number of average reads per cell
per cell and a methylation (CpG level per cell) These thresholds removed cells where the
library construction and/or TAPS coversion failed. The values of these cutoffs were slightly adjusted for each plate and sample type to
compensate for differences in sequencing depth and TAPS conversion.

Replication For the hTERT-RPE-1 cell-cycle experiments, multiple technical replicates per histone modification were processed.

Randomization  No randomization was performed.

Blinding No blinding was performed since we performed unsupervised analysis techniques (e.g., clustering and dimensionality reduction)

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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Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChiIP-seq

|Z Eukaryotic cell lines |:| |Z Flow cytometry

|:| Palaeontology and archaeology |Z |:| MRI-based neuroimaging

|Z Animals and other organisms
[] clinical data

|:| Dual use research of concern
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Antibodies
Antibodies used anti-H3K9Me3 (Abcam, ab8898, 1:100), anti-H3K27Me3 (Cell Singalling Technologies, C36B11, 1:200) and anti-H3K36Me3 (Thermo
Fisher, MA5-24687, 1:2000).
Validation https://www.abcam.com/products/primary-antibodies/histone-h3-tri-methyl-k9-antibody-chip-grade-ab8898.html

https://www.cellsignal.com/products/primary-antibodies/tri-methyl-histone-h3-lys27-c36b11-rabbit-mab/9733
https://www.thermofisher.com/antibody/product/H3K36me3-Antibody-clone-RM155-Recombinant-Monoclonal/MA5-24687

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) K562 cells were obtained from the ATCC and hTERT RPE-1 FUCCI cells were obtained from the Medema lab at the
Netherlands Cancer Institute.

Authentication None of the cell lines were authenticated.
Mycoplasma contamination All cell lines routinely tested negative for Mycoplasma contamination

Commonly misidentified lines  No commonly misidentified cell lines were used in the study.
(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 Mus musculus C57BL/6 strain
Wild animals no
Reporting on sex yes

Field-collected samples  no

Ethics oversight Our research complies with all relevant ethical guidelines. Experimental procedures were approved by the DEC of the KNAW and
performed according to the guidelines. The mice that were used are of the C57BL/6 strain. Animals used in the experiments were
between 8 and 22 weeks of age. Both male and female mice were used for the experiments. Mice were housed in open housing with
14:10h light:dark cycle at 24°C and 45—-70% humidity with food and water ad libitum.

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

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).
|Z| 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

Instrument
Software

Cell population abundance

Gating strategy

K562 and hTERT RPE-1 FUCCI cells: Cells were dissociated to a single-cell suspension using TrypLE, washed and resuspended
in PBS

containing BSA to reduce aggregation. Cells were passed through a 20-micron mesh before

sorting.

BD Influx and Beckman-Coulter Cytoflex

BD FACS Sortware 1.2.0.142 and CytExpert software

Cell population purity and abundance was not explicitly determined after sorting. FACS was primarily used to i) distribute
single cells into individual wells of a 384-well plate for subsequent processing, ii) measure the fluorescence of cell-cycle

progression markers of these cells

K562 and hTERT RPE-1 Doublets, debris, and dead cells were excluded by gating forward and side scatter in combination with
the DAPI channel.

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