











Extended DataFig.9|Matched whole genome sequencing data validates
fCpGs asaphylogenetic character. a-b: Corresponding phylogenies
reconstructed on matched WGS SNVs for CLL case12and 19 to Fig.4a,b,
respectively. c-e: Thereconstructed phylogenies of the relationship between
samples collected longitudinally in3individual ALL patients, annotated with
the clinical classification of each sample. The black triangles represent the time
thatoccurred since the most recent common ancestor, taken as the posterior
median of T-rfrom the single-sample EVOFLUx inferences. f: Paired boxplot
showing the standard deviation of the fCpG methylation distributions of

B-ALL samplesis greater than their matched remission sample (p = 9.6e-39,
paired t-test). g: Comparison of the standard deviation of the fCpG methylation
distributions of B-ALL patients in remission (i.e. no cancer cells presentin
blood) vs normal wholeblood (p = 0.067, MW-U test). h: Example longitudinal
samples from one patient showing the development of the fCpG distribution
fromdiagnostic B-ALL, through remission and relapse. i: Scatterplots showing
the marginal fCpG methylation distribution between diagnosis and relapse for
the ALL caseinh.
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Extended DataFig.10|Additional survival analyses. a: Kaplan-Meier curves patients with high vs low (cut-off values identified using maxstat statistics)

comparing the OS between patients with high vs low (cut-off values identified inferred cancer growthratesin the validation cohort, separated by IGHV

using maxstat statistics) inferred effective populationsizes (V,) in the mutational status. e: Multivariate Cox regression of the effect of the cancer
discovery cohort®, separated by IGHV mutational status. b Multivariate Cox growthrateonthe TTFTinthe validation cohort, controlling for IGHV status,
regression of the OS shows the N, is significant when controlling for IGHV TP53alteration and age at sampling. f: Multivariate Cox proportional hazard
status, TP53alterations and age at sampling in the discovery cohort. regressiononthe TTFT for 229 CLL patients where longitudinal measurements
c:Univariate survival analysis of the time to first treatment (TTFT, blue) and ofthelymphocyte numbers were available and therefore the contemporary
overallsurvival (OS, red) in the validation CLL cohort*®?* for evolutionary growthrate could be estimated. The contemporary lymphocyte counts refer
variablesinferred via EVOFLUx. Note this cohort contains amixture of treated tothe estimate of alinear model of the number of historical lymphocyte counts
and untreated samples, of which only the untreated samples wereincludedin with the sampling dates of patients with at least 10 sample timepoints before

the TTFT analysis. d: Kaplan-Meier curves comparingthe TTFT between treatment.
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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  No software was used to collect data.

Data analysis Preprocessing of sample data and some analysis was performed using R (v4.3.1). This involved the use of the minfi package (v1.46.0),
alongside llluminaHumanMethylation450kanno.ilmn12.hg19 (version 0.6.1), IllluminaHumanMethylationEPICanno.ilm10b2.hg19 (version
0.6.0) and methyICIPHER (https://github.com/MorganLevineLab/methylCIPHER). Base core R and Bioconductor (version 3.1) packages as well
as custom R scripts were used to mine, analyze and plot the data. ggplot2 (v3.5.2) was also used to plot data. Survival (v3.5-7), maxstat
(v0.7-25), survminer (v0.4.9) and ggsurvfit (v0.3.1) R packages were used to analyze and display clinical associations.

Other data analysis was performed using Python (v3.7.4). Analysis employed the following package: numpy (v1.21.6), pandas (v1.3.5), scipy
(1.7.3), statannotations (v0.4.4), statsmodels (v0.13.2) and scikit-learn (v0.23.2). The Bayesian programming language Stan was used to
perform fCpG discretisation using a custom script. Pathway analysis was performed using gProfiler version e109_eg56_p17_1d3191d.

The EVOFLUx code employed to infer the evolutionary history of cancer samples from methylation array data is at https://github.com/
CalumGabbutt/evoflux. Code to curate DNA methylation data and to perform clinical and additional bioinformatic analyses is available at
https://github.com/Duran-FerrerM/evoflux. The phylogenetic method is available at https://github.com/adamallo/PISCA.

The EVOFLUx Python software contains a README.md listing the important packages, and a requirements.txt file indicating the appropriate
versions. The main packages were numpy (basic maths functions), scipy (special maths functions), pandas (dataframes manipulation), dynesty
(nested sampling - Bayesian inference), joblib (pickling large data files, preserving dynesty structure), notebook (Jupyter notebook), matplotlib
(plotting), seaborn (plotting), arviz and corner (Bayesian plotting).
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Phylogenetic inference on fCpGs was performed with the BEAST (v.1.8.4) framework (Drummond and Rambaut 2007; Drummond et al. 2012)
using custom models implemented in PISCA v1.1. Phylogenetic inference on SNV data was performed using BEAST (v.1.10 ). Phylogenetic
MCMC chains were assessed using Tracer v1.7.

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

No new methylation bead array data was generated in the course of this study. The harmonised and filtered methylation matrix was depostied using Zenodo
(https://doi.org/10.5281/zenodo.15479736), which we reference in the Methods.

Previously published DNA methylation data re-analysed in this study can be found under accession codes: B cells, EGAS00001001196; ALL, GSE56602, GSE49032,
GSE76585, GSE69229; MCL, EGAS00001001637, EGAS00001004165; CLL, EGAD0O0010000871, EGAD00010000948, EGAD0O0010001975; MM, EGAS00001000841;
DLBCL, EGAD00010001974.

CLL gene expression data is available EGAS00001000374 and EGAS00001001306. ChIP-seq datasets are available from Blueprint https://www.blueprint-
epigenome.eu/ under the accession EGAS00001000326.

Matched WES and WGS are available under accessions EGASO0000000092 and EGADO0001008954 respectively under controlled access.

Pathway analysis was run using the Gene Ontology: Biological Processes (GO:BP) release 2023-03-06 and the Human Protein Atlas (HPA) version 10.0 databases.

Matched Oxford nanopore long-read data were generated for 6 normal B cell and samples and 2 CLL/RT sample pairs. These data are in the process of being
uploaded to EGA and the accession will be provided once the data has been processed and validated.

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 Where biological sex was annotated in the preexisting sample annotations, these annotations have been retained, but sex
was not considered an important factor in this study.

Reporting on race, ethnicity, or Race and ethnicity information was not considered in this study.
other socially relevant

groupings

Population characteristics This is an analysis article using mostly epigenetic and clinical data reported in previous publications.

Recruitment Individual studies from which data were obtained for this analysis article explain how patients were recruited. In general, all
the studies recruited patients for methylation studies based on sample availability in their biobanks.

Ethics oversight The study was approved by the ethics committees of the institutions that generated the data used in the present study.

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

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample size was not determined by calculations, but by sample availability and data quality.

Data exclusions  Cancer samples with tumor cell content below 60% were excluded, in line with out previous studies (Duran-Ferrer et al., 2020). Samples
where the age of the patient upon sampling was missing were included for the purposes of fCpG selection and validation, but removed from
the EVOFLUx inference of evolutionary dynamics.

Replication Experimental replication was not feasible because this work is an observational, computational analysis of 1,976 publicly available tumour
samples. Acquiring an additional cohort of patient samples and running additional methylation bead arrays would impose prohibitive cost,
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time and ethical burden. Instead, robustness was ensured by testing that the clinical associations in CLL was observed in two independent
cohorts and blinding of the researcher performing the EVOFLUx inference to the clinical outcome data. The detection of subclonal selection in
whole exome sequencing data was validated in whole genome sequencing data.

Randomization  Patient age and tumour purity was directly accounted for in the EVOFLUx inference model. The difference in inferred evolutionary parameters
between molecular subtypes was found to exist even when tumour purity was controlled as a covariate in a multivariate linear regression (p <
0.05). The association between inferred evolutionary parameters and clinical outcomes were still significant when patient age, IGHV status
and TP53 mutational status were controlled in a multivariate Cox regression model.

Blinding The study is a retrospective, fully computational re-analysis of anonymised public datasets, and therefore full blinding was not feasible.
However, the inference of evolutionary parameters was performed blinded to the patients’ clinical outcomes.
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
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Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
Antibodies |:| ChlIP-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging
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Plants

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 apptied-
Authentication Describe-any-atithentication-procedures foreach seed stock-tised-or-novel-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.






