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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | Somatic mutations in human tissues. a) Bar chart of the strain fed the HFD (n =120 mice profiled for liver gene expression). f) Similar
number of mice of each strain (n = 50 strains, n = 882 mice). b) Kaplan-Meier to (e) but for mice fed the CD (n =150 mice profiled for liver gene expression).
survival curve for each strainin (a). ¢) Scatter-plot comparing the maximum g) Correlation of the standardized values of each covariate with principal
lifespan of each strain on the chow diet (CD, x axis) to the high-fat diet (HFD, component1(thatis, “PClloading”, n =270 mice, Methods). h) Kaplan-Meier
y-axis, n =29 strains profiled for lifespan and RNA-seq on both diets). d) Kaplan- survival curve of CD fed mice belonging to strains with the highest vs lowest
Meier survival curve for mice of all strains on the CD (n = 498 mice) compared to 20% of DREAM complex activities (purple vs. pink, n =132 mice, n = 15 strains).
the HFD (n = 522 mice). The dark line and shaded area indicate the proportion The darkline and shaded area indicates the proportion of mice surviving to
of mice surviving to a particular age and the 95% confidence interval of this aparticular age and the 95% confidence interval of this survival estimate,

survival estimate, respectively. Dashed lines indicate the median survival of each respectively. Dashed lines indicate the median survival of each group. P value
group. e) Box plots of the distribution of DREAM complex activity in mice of each calculated from a two-sided log-rank test.
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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7| Duplex sequencing. a) Barplot indicating the mean and
95% confidence interval of the number of somatic mutationsidentified in each
cell per year (normalized to haploid genome size, Methods) grouped by cell type
(n=2803,122 cells, n = 90 individuals). b-f) Line plots comparing the number of
somatic mutations per year identified by “this study” compared with previous
estimates using DNA sequencing. Dark pointsindicate the mean mutation rate
for asingle cell type in a particular study, while the colored points indicate the
mean and 95% confidence interval of these mutation rates. The x axis lists the
study from which the respective data came. g) Heatmap depicting the pairwise
Spearman correlations of DREAM complex activity in different brain regions of
the same individual (n =1,101individuals, 2,776 samples, mean 2.4 + std 1.0 brain
regions per individual). All pairwise correlations are significant (p < 0.0004).

h) Histogram showing the distribution of hazard ratios from Cox proportional
hazards models predicting age at AD diagnosis (using the same covariates as

Fig. 6g, n =1,101individuals, Methods) using the ssGSEA enrichment of 500
randomly chosen sets of genes. HR of DREAM-regulated gene expression is
shown for reference (red, dashed, vertical line). P value shown for two-sided one
sample t-test. i) Similar to (h), but selecting gene sets randomly fromall cell-cycle
genes annotated by KEGG'” or Gene Ontology'” (n=1,801cell cycle genes).

j) Violin plots showing the distribution of DREAM-associated activity values
inindividual samples (n =1,101individuals), Z-score normalized within each
brain tissue, stratified by the duration eachindividual had AD before death. No
pairwise comparisons between AD duration groups (violin plots) were significant
(p < 0.05) based on two-sided Mann-Whitney U tests.
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Extended Data Fig. 8| The association of DREAM-related pathways with
lifespan and somatic mutation burden. a-c) Associations between covariates
and single-base substitution (SBS) mutations per cell from negative binomial
regression (Methods). Points and whiskers show incidence rate ratios (IRR)
with 95% Cls. Model 1 (e) includes DREAMK.O. status, read families (per million)
and coverage (per 10 Mb). Model 2 (f) adds age (months). Model 3 (g) further
includes aread families x coverage interaction. P values are from two-sided
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Z-score threshold of 3. (i

Wald tests. Less-negative log-likelihood indicates better fit. d-f) Similar to (a-c),

but for insertion/deletion (ID) mutations. g-i) Per-mouse mutation burden and
outlier diagnostics by mutation type. Each point is one mouse; colors denote

mutation class, with outlier sample S225 labeled. (g) Total mutations per mouse
(logy, scale). (h) Z-scores used to assess outlier status - the dashed line marks the

) Cook’s distance from the regression model (log,, scale)

-the dashed line marks the Cook’s distance threshold of 1. Samples above the
thresholds on all mutation classes are considered outliers.
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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

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

OXX O OO0 000F%

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  All custom algorithms and analysis code are available in the GitHub repository at https://github.com/zanekoch/dream_proj.

Data analysis All analyses were performed in Python 3.10. Data analysis was conducted using Pandas 1.5.3, SciPy 1.10.0, Pingouin 0.5.3, and Statsmodels
0.13.5. Data were visualized with Seaborn 0.12.1 and Matplotlib 3.7.1. No statistical method was used to predetermine sample size, the
experiments were not randomized, and the investigators were not blinded to allocation during experiments and outcome assessment. Specific
statistical approaches used are noted in the respective methods sections and figure captions.

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 UD-sequencing data can be accessed on the Sequence Read Archive (SRA) under BioProject accession PRINA1436559. Other data can be accessed through the
respective publications (see Supplementary Table 1).

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 The study uses data from publicly available datasets. For the mouse studies (Tabula Muris Senis), both male and female mice
were included as provided by the original consortium. For the human Alzheimer's disease analyses (SEA-AD and ROSMAP),
sex was included as a covariate in the Cox proportional hazard model predicting age at AD diagnosis. Sex was determined as
reported in the original datasets. Sex- and gender-based analyses were not separately performed, as the primary biological
variables of interest (DREAM-associated activity, somatic mutation burden) operate at the cellular and molecular level. The
study was not designed to test sex-specific hypotheses.

Reporting on race, ethnicity, or  N/A. The study does not use race, ethnicity, or other socially constructed categorization variables.
other socially relevant

groupings

Population characteristics Human participants include 90 individuals (80 with AD/neurodegeneration, 10 cognitively normal) from the Tabula Sapiens
and SEA-AD consortia, aged 33-102 years (mean 85.2 + 13.5). The ROSMAP cohort includes 1,101 deceased donors with
post-mortem brain tissue from multiple brain regions. Covariates in the Cox model included DREAM-associated activity,
number of APOE €4 alleles, sex, RNA sequencing depth, gene detection count, and post-mortem interval.

Recruitment N/A. All data were derived from previously published, publicly available datasets.

Ethics oversight Animal protocols for the DREAM loss-of-function mouse experiment were approved as described in the original publication

(Perampalam et al. 2021). All other data were obtained from publicly available repositories with ethics approvals described in
their respective source publications.

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.

|X| 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 The maximum sample size constrained by available data and/or samples was used.
Data exclusions  Outliers were excluded based on various measures described in the manuscript.

Replication ey findings were replicated across independent datasets and biological systems. The association between DREAM-associated activity and
somatic mutation burden was observed independently in mouse single cells (Tabula Muris Senis, n = 110,824 cells) and human single cells
(Tabula Sapiens and SEA-AD, n = 803,122 cells). The association between DREAM-associated activity and lifespan was consistent across 92
mammalian species and across three tissue types (liver, brain, kidney). The link to Alzheimer's disease was replicated across two independent
human cohorts (SEA-AD, n = 83 individuals; ROSMAP, n = 1,101 individuals). The causal role of DREAM in mutation accumulation was
supported by the DREAM loss-of-function mouse experiment with biological replicates (n = 4 LoF, n =5 controls). All attempts at replication
were successful.

Randomization  Randomization was not applicable to the observational components of this study, which analyzed existing publicly available datasets.

Blinding Blinding was not applicable to the computational analyses, which used quantitative, algorithmic pipelines applied uniformly to all samples.
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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 Methods
Involved in the study n/a | Involved in the study
Antibodies |:| ChiIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms

Clinical data
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Plants

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 DREAM loss-of-function mice (p107°D/D” p130”-/-~, n = 4) and littermate controls (p1072D/D” p130~fl/fl*, n = 5), which received
tamoxifen at 8 weeks of age and were followed to natural death, as described in Perampalam et al. 2021.

Wild animals N/A

Reporting on sex N/A

Field-collected samples  N/A

Ethics oversight Animal protocols for the DREAM loss-of-function mouse experiment were approved as described in Perampalam et al. 2021.

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

Plants

Seed stocks n/a

Novel plant genotypes  n/a

Authentication n/a






