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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | Evaluation of prediction accuracy on Nanopore
samples. a) Comparison of times for (1) DNA isolation, (2) library preparation,
and (3) sequencing for 10 samples runininteroperative settings in the clinics
(‘Clinical Demonstrators’) with corresponding videos (see Supplementary
Video). The median times are 22:15 minutes for DNA extraction, 17:10 minutes
for library preparation, and predictions after 15 minutes of sequencing, resulting
inthe correct diagnosis in all runs (2-4 sequencing runs per sample to validate
consistency in results, Supplementary Table 10). b) Assessment of a posterior
probability cutoff for Nanopore samples. The graphillustrates the percentage
of samples exceeding the threshold for each posterior probability, along with
the corresponding accuracy based on these samples. Notably, a posterior

probability of 0.6 or higher resulted in a high percentage of correctly predicted
samples. ¢) Comparative analysis of predicted classes derived from Nanopore
datausing MethyLYZR and matching 450k methylation arrays employing the
Capper classifier version 11b4. At the CNS class level, predictions align in 74.07%
of cases, while 100% of predictions are in agreement at the clinically relevant MZ
CNSlevels. d) Assessment of predictive power across sequencing times ranging
from 5 minutes to 72 hours, analyzed individually by runs. The most substantial
increase in prediction power was observed between 5 and 15 minutes of
sequencing, with three samples exhibiting either no correct predictions or none
atall. The color bar on the side depicts the reference class.
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Extended Data Fig. 7| Evaluation of the barcoded Nanopore cohort and
technology comparison. a) Barplot visualizing prediction outcome of the
180 brain cancer biopsies of 13 CNS cancer classes sequenced using barcoding
onaPromethlON R10 flow cell. For 80% of the 180 samples a classification

was returned with an accuracy of 91.78%. b) Confusion matrix illustrating the
prediction outcomes for all 180 barcoded Nanopore samples using 7.5k CpGs,
resultingin an overall accuracy of 91.78% for MZ CNS classes. Misclassification
errors are depicted by deviations from the bisecting line. ¢) For a subset of 26
samples with available intraoperative frozen section neuropathology (left) and
matching Nanopore sequencing experiments (middle), MethyLYZR's results
showed full agreement with the broader rapid frozen section categories and
more nuanced feedback aligned with current diagnostic groups (right).

d) Correlation heatmap of the metastasis class kernels (breast cancer, lung
cancer, and melanoma), showing correlations of >0.93. e) Barplot visualizing
the 27 brain metastases mainly from lung, colon, and breast. 22 of these were

predicted with a posterior above 0.6 (7.5k CpGs). 15 of the 22 were identified

as metastasis and the 7 misclassifications were correctly identified as non-

CNS cancer and assigned to control (n = 4) or hematopoietic (n = 3) groups.

f) Confusion matrix illustrating the prediction outcomes for all 22 metastasis
samples using 7.5k CpGs. 15 of the 22 were identified as metastasis and the

7 misclassifications were correctly identified as non-CNS cancer and assigned
to control (n =4) or hematopoietic (n = 3) groups. g) Barplot visualizing

the prediction outcome of the 16 samples sequenced with Nanopore

(first 15 minutes, rapid kit, R9) and PacBio HiFi (no posterior threshold due to
high sequencing quality). h) Heatmap comparing the prediction accuracy of
different sequencing technologies (EPIC with Capper classifier, PacBio HiFi,
Nanopore R9 rapid, and R10 barcoded) for 16 samples from 8 different CNS
classes. i) Visualization of prediction outcomes when using a limited number of
CpGs (n=2.5k, 5k, 7.5k, and 10k). All data were down-sampled 10 times to the CpG
numbers ona per-read sampling basis.
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Extended Data Fig. 8| Tumor purity affects prediction accuracy. a) Proportions
of tumor classes of tumor purity (ACE) stratified samples. b) Classification results
of cell-free DNA from cerebrospinal fluid sequenced with Nanopore sequencing.
8samples with limited quality showed less than 2.5k CpGs covered after filtering
for reads within the expected length for cfDNA of 50-700nt. Annotations on top
state the age of the donor, the time to/from operation, the estimated tumor cell
content, and the number of CpGs. c¢) Classification results of cell-free DNA from

cerebrospinal fluid sequenced with Nanopore sequencing. 33 samples with more
than 2.5k CpGs covered after filtering for reads within the expected length for
cfDNA of 50-700nt are shown. 17 had a tumor fraction above 0.1: one sample

did not reach the posterior threshold; 15 of 16 were correctly predicted (93%),
including a metastasis predicted as metastatic (instead of CNS). Annotations on
top state the age of the donor, the time to/from operation, the estimated tumor
cell content, and the number of CpGs.
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Extended Data Fig. 9| MethyLYZR predictions are more accurate than
Sturgeon onshallow coverage, low CpG methylation information.

a) Comparative analysis of MethyLYZR, Sturgeon, and nanoDx on the 100 x2,801
simulated CNS samples based on 450k methylation array data. Predictions

were conducted for 5k, 7.5k, and 10k CpGs. MethyLYZR predicts a class in >99%
of samples with an average accuracy of 94.43%, 95.15%, and 95.25%, whereas
Sturgeon reports for 89% of the samples a class with an accuracy of 92.61%

(7.5k CpGs) and nanoDx in 42% with 98.69% (7.5k CpGs) accuracy (correct class,
but below default reporting threshold indicated by blue diagonal lines). Of note,
nanoDx has to re-train and thus requires more than 20 minutes per sample.

b) Comparative analysis of MethyLYZR, Sturgeon and nanoDx on our 75
Nanopore runs. Predictions were conducted for CpGs that were sequenced

20 30 40 50 60 70 80 90

within the first 15 minutes. MethyLYZR predicts a correct class in 94.52% out of
97.33% of samples, while Sturgeon only predicts 91.94% out of 82.67% of samples
correctly and nanoDx predicts 98.69% out of 42% of samples correctly (correct
class, but below default reporting threshold indicated by blue diagonal lines).

c) Comparative analysis of Sturgeon and nanoDx matching the MethyLYZR
analysis in Fig. 4c (Nanopore samples stratified by tumor purity, 73 of 94
predicted in full dataset, 82.19% accuracy). Of note, the predictions are based
ononly 7.5k CpGs to simulate 15 minutes of sequencing. While Sturgeon shows
anaccuracy of 75.95% (79/94 samples predicted), nanoDx shows an accuracy
of100% but low number of above-threshold classifications (43/94 samples
predicted) and also 100% without the default threshold (correct class, but below
default reporting threshold indicated by blue diagonal lines).
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Data collection  Minfi (version 1.32.0), MinKnow with dorado v7.0.9, minimap2 v2.24, guppy v6.2.7

Data analysis MethyLYZR code with a pre-trained model and test data, as well as documentation, is available under the following link: https://github.com/
marasteiger/MethyLYZR
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v10.2.0, pyarrow v15.0.0, pyparsing v3.1.1, pysam v0.22.0 with samtools v1.16.1 and htslib v1.16, python-dateutil v2.8.2, pytz v2024.1, scipy
1.12.0, setuptools v44.0.0, six v1.16.0, tabulate v0.9.0, types-python-dateutil v2.8.19.20240106, tzdata v2023.4, watchdog v3.0.0, zipp
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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

Sequencing data obtained via Nanopore or PacBio sequencing have been deposited in the European Genome—Phenome archive (study accession no.
EGAS50000000559, Nanopore R9 dataset accession no. EGAD50000000832, Nanopore R10 dataset accession no. EGAD50000000791, PacBio dataset accession no.
EGAD50000000798). The methylation values have been provided in feather format and have been deposited at https://zenodo.org/records/13324498. The
Supplementary Video has been deposited at https://zenodo.org/records/13236097.

Previously published 450k or EPIC arrays were used for classifier training and evaluation: Brain normal and cancer data (GSE90496, GSE109379), Metastasis
(GSE108576), and Sarcoma data (GSE140686). DNA methylation data for purity analysis were previously published by Djirackor et al. (2021) and were reprocessed
for this study as described above. DNA methylation data for the liquid biopsy analysis were directly obtained from the authors of the original study Afflerbach et al.
(2024) upon personal communication.

The reference genome GRCH38.p13 was obtained from UCSC Genome Browser.
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performed, and sex- and gender are not relevant to our research findings.

Reporting on race, ethnicity, or = We did not analyse race, ethnicity, or other socially relevant groupings in this study.
other socially relevant
groupings

Population characteristics Patients with a radiologically suspected primary brain tumor or brain metastasis undergoing surgery at the University
Hospital Schleswig-Holstein Campus Kiel, Dept. of Neurosurgery, without any age restrictions, were asked to participate in
the study. As the classifier was trained on a publicly available microarray dataset, only post hoc analysis of the classifier
results was performed without any further patient characteristics stratification. Biopsies of Gliomas, including Glioblastomas,
Astrocytomas, and Oligodendrogliomas, were sourced from archive collections at the Brain Tumor Center, University Medical
Center Regensburg, and the Department of Pathology & Laboratory Medicine, Faculty of Medicine, University of British
Columbia in Vancouver. Our research findings do not apply to only one sex or gender, no sex- and gender-based analyses
have been performed, and sex- and gender are not relevant to our research findings.

Recruitment Patients scheduled for an open craniotomy due to a suspected primary brain tumor or brain metastasis were consecutively
identified at the Department of Neurosurgery, UKSH Campus Kiel. Patients were contacted and asked to participate. Patients
initially agreeing to participate were assigned a study ID (IEGXXX). Depending on age and legal status, patients, their parents,
or legal guardians signed an informed consent for using their tissue and clinical data in research (opt-in procedure). Patients
who did not sign the informed consent documents, whose legal capacity to consent was unclear, or whose ability to consent
was questionable due to, for example, neurocognitive deficits, were excluded from the study. However, their [EGXXX
designation was retained. Samples from Vancouver and Regensburg were assigned a consecutive IEGXXX number on the day
they were sequenced.

Ethics oversight The study protocol was approved by and adhered to the Clinical Ethics Committee of the Medical Faculty of Kiel University
(D443/20). All included patients, or their legal guardians/parents provided written informed consent for participation in the
study. The results were not shared with treating physicians or caregivers and, therefore, not used to alter patient treatment
or diagnosis. The study was approved by and adhered to the University of British Columbia Research Ethics Committee,
Vancouver, BC, Canada (REB# H08-02838). The study was approved by and adhered to the Clinical Ethics Committee of the
Medical Faculty of Regensburg University (20-1799-101).

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 No statistical methods were used to predetermine sample sizes, but were determined based on availability. Further clinical validation is
pending, however the low incidence of CNS tumors and the high number of different classes prevents collection of extensive cohorts in a
timely manner. Sample sizes are indicated in the figure panels or legends.

Data exclusions  Patients who did not sign the informed consent documents, whose legal capacity to consent was unclear, or whose ability to consent was
questionable due to, for example, neurocognitive deficits, were excluded from the study.

Replication Tests on 450k methylation arrays were performed on 100 synthetic replicates from the same sample (average prediction accuracy >95%).
Tumor classes followed in replication number the distribution as obtained in the clinics (ONT sequencing), with 1-6 replicates per sample. All
technical replication attempts were successful, biological replication; ie sequencing from different samples of the same tumor showed some
variability, likely due to sample purity and covered genomic regions.

>
Q
)
(e
D
1®)
O
=
o
=
_
(D
1®)
O
=
(@]
wn
(e
=
3
Q
A

Randomization  Our genomic analyses are independent of human intervention and analyze each sample equally and in an unbiased fashion.

Blinding Blinding was not relevant for this study since this is not an intervention study. However, our analytical pipeline followed uniform criteria
applied to all samples, allowing us to analyze our data in an unbiased manner.
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