


Letter https://doi.org/10.1038/s41588-026-02672-1

Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | Clustering of transposable elements by chromatin
modification. a, K-means clustering of transposable elements not located within
genes. Clustering was performed on histone coverage over the transposable
element, with similar clusters ordered together. Heatmaps show read coverage
of ahistone modification, log, normalized to input. The plotted region includes
500 bp upstream and downstream of the transposable element. Adjacent

heatmaps show transposable element orders, where each row corresponds to
the displayed transposon in the k-means clustering heatmap. Heterochromatin
types summarized in Fig. 4a areindicated next to the relevant k-means clusters.
b, Horizontal stacked bar graphs of transposable element orders per cluster.
Numbers to the right of each bar indicate the total number of elements per
cluster.
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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7| Heterochromatin types across eukaryotes. Box plotsand  corresponding to the first and third quartiles, and whiskers extending to the

browser snapshotsillustrating heterochromatin types are summarized in Fig. 4a. minimum and maximum values within 1.5x the interquartile range. Browser
Box plots show average read coverage of histone modification over agene, snapshot tracks follow the same color scale as box plots, in addition to 3’ RNA-
log, normalized to input. The number of TEs or genes per cluster is indicated seq reads (gray, top), transposable elements (black, bottom), and genes (gray,
above as n. Box plots show the median centerline, lower and upper box bounds bottom).
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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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Confirmed

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.

[ ] Adescription of all covariates tested
D A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

& 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)

D For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give 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

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  Software used to preprocess data in this study (package/version/source):

bcl2fastg 2.20 Illumina

Data analysis Open source software/packages used for data analysis in this study (package/version/source):

Bowtie2 v2.5.3 https://github.com/BenLangmead/bowtie2
EDTA v2.2 https://github.com/oushujun/EDTA

Sambamba v1.0 https://github.com/biod/sambamba
deepTools v3.5.4 https://github.com/deeptools/deepTools
MACS v2.2.9.1 https://github.com/macs3-project/MACS

R v4.1.2 https://www.r-project.org

tidyverse v1.3.1 Bioconductor

rtracklayer v1.54.0 Bioconductor

reshape2 v1.4.4 Bioconductor

dplyr v1.1.4 Bioconductor

tidyr v1.3.1 Bioconductor

valr v0.6.6 Bioconductor

GenomicRanges v1.46.1 Bioconductor

ggplot2 v3.5.1 Bioconductor

SRA Toolkit v2.9.0 https://github.com/ncbi/sra-tools

STAR v2.7.10a https://github.com/alexdobin/STAR
ChromHMM v1.24 https://github.com/jernst98/ChromHMM
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Gviz v1.38.4 Bioconductor
ved v1.4-11 CRAN

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.

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

ChlIP-seq raw and processed files are available in GEO repository under accession number GSE329959, and RNA-seq raw and processed files are available under
accession number GSE329952.

The raw proteomics data have been deposited to the PRIDE repository with the ProteomeXchange dataset identifier PXD069944 and the Skyline documents are
publicly available in the Panorama web server at https://panoramaweb.org/histones.url with the ProteomeXchange dataset identifier PXD070263.

All code used for the processing, analysis, and visualization of data have been uploaded to a Github repository at https://github.com/sebepedroslab/iChIPv2/, also
available in Zenodo (DOI: 10.5281/zen0d0.20049133)

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 NA

Reporting on race, ethnicity, or NA
other socially relevant

groupings

Population characteristics NA
Recruitment NA
Ethics oversight NA

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 D Behavioural & social sciences D 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 Each chromatin extraction was performed using:
A. castellanii: 5-10M cells
A. thaliana: 0.5 g leaf tissue
B. natans: 5-10M cells
C. fragrantissima: 5-10M cells
D. disdoideum: 5-10M cells
G. theta: 5-10M cells
N. gruberi: 5-10M cells
N. vectensis: 2-3 juvenile polyps
P. patens: 0.5 g gametophytes tissue
S. cerevisiae: 5-10M cells
S. punctatus: 5-10M cells
T. thermophila: 5-10M cells

Data exclusions  ChIP—seq samples were assessed using the quality-control metrics described in the Methods section and samples that did not meet the
predefined inclusion criteria were excluded from downstream analyses.
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Replication ChiIP-seq and datasets are represented by at least two replicates.
Randomization  NA

Blinding NA

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 Methods

Involved in the study n/a | Involved in the study
Antibodies [1IX] chip-seq

Eukaryotic cell lines X] D Flow cytometry
Palaeontology and archaeology D MRI-based neuroimaging
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Animals and other organisms
Clinical data

Dual use research of concern

OXXOXOOS
XOOKOX KX

Plants

Antibodies

Antibodies used anti-H3K9ac (Millipore, 17-658)
anti-H3K9ac (ThermoFisher, MA5-33384)
anti-H3K27ac (Abcam, ab4729)
anti-H3K27ac (Active Motif, 39136)
anti-H3K4me2 (Abcam, ab32356)
anti-H3K4me3 (Millipore, 07-473)
anti-H3K36me3 (Abcam, ab9050)
anti-H3K79mel (Abcam, ab177183)
anti-H3K79me2 (Abcam, ab3594)
anti-H3K79me3 (Diagenode, C15410068)
anti-H4K16ac (Millipore, 07-329)
anti-H3K9me1 (Abcam, ab9045)
anti-H3K9me1 (ThermoFisher, MA5-33385)
anti-H3K9me2 (Abcam, ab1220)
anti-H3K9me3 (Abcam, ab176916)
anti-H3K9me3 (Diagenode, C15410056)
anti-H3K9me3 (ThermoFisher, 713008)
anti-H3K27me3 (Millipore, 07-449)
anti-H3K27me3 (Millipore, 17-622)
anti-H3K27me3 (Abcam, ab192985)
anti-H3K27me3 (Cell Signaling, 9733)
anti-H3K27me3 (Diagenode, C15410069)
anti-H3K27me3 (ThermoFisher, MA5-11198)
anti-H3 (Abcam, ab1791)

Validation Antibodies were validated by manufacturer in different species.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Acanthamoeba castellanii strain Neff (ATCC 30010)
Naegleria gruberi strain ATCC30224
Dictyostelium discoideum strain AX4
Creolimax fragrantissima strain CH2
Spizellomyces punctatus strain DAOM BR117
Tetrahymena thermophila strain CU428
Bigelowiella natans strain CCMP2755
Guillardia theta strain CCMP2712
Saccharomyces cerevisiae strain BY4742
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Authentication NA




Mycoplasma contamination NA

Commonly misidentified lines  na
(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 Nematostella vectensis
Wild animals NA
Reporting on sex NA
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Field-collected samples NA

Ethics oversight NA

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

Dual use research of concern

Policy information about dual use research of concern

Hazards

Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented
in the manuscript, pose a threat to:

Yes
[ ] Public health

D National security
D Crops and/or livestock
D Ecosystems

XX XX X &

|:| Any other significant area

Experiments of concern

Does the work involve any of these experiments of concern:

Yes

|:| Demonstrate how to render a vaccine ineffective

Confer resistance to therapeutically useful antibiotics or antiviral agents
Enhance the virulence of a pathogen or render a nonpathogen virulent
Increase transmissibility of a pathogen

Alter the host range of a pathogen

Enable evasion of diagnostic/detection modalities

Enable the weaponization of a biological agent or toxin

XXX XXKXXX §
Ooodoog

Any other potentially harmful combination of experiments and agents
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Plants

Seed stocks Arabidopsis thaliana Col-0 accession
Physcomitrium patens Gransden accession

Novel plant genotypes  NA

Authentication NA
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Data deposition
X] Confirm that both raw and final processed data have been deposited in a public database such as GEO.

X] Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links Raw and processed files are available in GEO under accession number GSE329959
May remain private before publication.

Files in database submission NA

Genome browser session NA
(e.g. UCSC)

Methodology
Replicates We performed at least 2 replicates per antibody and species.
Sequencing depth 5-20M reads/replicate, depending on the species
Antibodies anti-H3K9ac (Millipore, 17-658)

anti-H3K27ac (Abcam, ab4729)
anti-H3K27ac (Active Motif, 39136)
anti-H3K4me2 (Abcam, ab32356)
anti-H3K4me3 (Millipore, 07-473)
anti-H3K36me3 (Abcam, ab9050)
anti-H3K79mel (Abcam, ab177183)
anti-H3K79me2 (Abcam, ab3594)
anti-H3K79me3 (Diagenode, C15410068)
anti-H4K16ac (Millipore, 07-329)
anti-H3K9me1 (Abcam, ab9045)
anti-H3K9me2 (Abcam, ab1220)
anti-H3K9me3 (Abcam, ab176916)
anti-H3K27me3 (Millipore, 07-449)
anti-H3K27me3 (ThermoFisher, MA5-11198)
anti-H3 (Abcam, ab1791)

Peak calling parameters Raw reads files were aligned to the reference genome of their respective species using Bowtie2 v2.5.3 with parameters -X 2000 -
mm. Low-quality reads (mapping quality < 30) and duplicate reads were removed using Sambamba v1.0 with parameters -F
"mapping_quality >= 30" and markdup -r, respectively. Resulting BAM files were processed into CPM-scaled Bigwig format using
bamCoverage from deepTools v3.5.4 with parameters -e --scaleFactor 1 --normalizeUsing CPM --outFileFormat bigwig --binSize 10.
Finally, ChIP-seq peaks were identified using MACS v2.2.9.1 with parameters --max-gap 300 -f BAMPE

Data quality FDR 5% for peak selection

Software Bowtie2 v2.5.3 https://github.com/BenLangmead/bowtie2
Sambamba v1.0 https://github.com/biod/sambamba
deepTools v3.5.4 https://github.com/deeptools/deepTools
MACS v2.2.9.1 https://github.com/macs3-project/MACS
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