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Introduction

* Accurate methylation sequencing from clinical samples is challenging
due to DNA-damaging chemistries that reduce library yield and
sequence diversity, limiting data quality and reproducibility — particularly
for fragmented or low-input materials such as cfDNA.

* The objective of this study was to evaluate a new positive-readout
methylation method (TAPS+) in a clinically relevant cohort and compare
its performance to an enzymatic methylation conversion method
employing a negative-readout approach.

Methods

* TAPS+ chemistry converts methylated cytosines to thymines while
preserving unmethylated cytosines, allowing non-damaging,
high-complexity methylation profiling (Figure 1).

* Applied to a 24-sample cohort including invasive breast carcinoma

patients, healthy donors, and methylation-state controls, including a
methylated control (MC) and non-methylated control (NMC).

* Libraries were sequenced to a target depth of 10x on an lllumina NovaSeq
6000 alongside an enzymatic negative-readout method to compare
conversion efficiency, background, and DMR concordance.

* methylKit was used for DMR calling, and candidate biomarkers were
selected based on statistically significant methylation differences in
annotated genomic regions.

* Sequencing was also performed on these libraries using the Ultima UG
100 sequencer to a minimum depth of 100x to independently assess
methylation patterns alongside lllumina sequencing.

Results

* TAPS+ showed improved workflow performance, yielding shorter
turnaround times and higher library yields across all sample types
compared to the negative-readout method (Figure 2).

* cfDNA samples showed significantly higher methylation ratios with TAPS+
(p = 8.6%107"9). A fully methylated control demonstrated greater 5mC
accuracy with TAPS+ (88.8% vs. 76.8%) (Figure 3).

* CpG-island methylation was highly correlated between methods, though
the negative-readout approach displayed increased noise at
low-coverage sites.

* Both breast cancer and healthy samples showed the expected TSS
hypomethylation pattern, with no significant global methylation
differences between cohorts (Figure 4).

* TAPS+ DMR analysis identified 16 significant biomarker candidates,
including SHH hypermethylation (g = 3.15%107°) and additional loci
involved in developmental pathways, cancer signaling, transcriptional
regulation, and immune response (Figure 5).

* The negative-readout dataset did not produce strong biomarker signals
indicative of disease status.
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Figure 3: Methylation modification rate comparison
between TAPS+ and negative readout method shows that
TAPS+ preserves higher methylation ratios (Wilcoxon p =
1.4e-05).
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of amplification, whereas TAPS+ was
performed with 8 cycles.
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B) Breast Cancer Samples
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Figure 4: Average CpG methylation around
transcription start sites (x5 kb) in healthy (A) and
breast cancer (B) samples for autosomes and chrX.
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Figure 6: Ultima sequencing of TAPS+ products showed high conversion efficiency and deep, uniform
coverage, with the TAPS+ positive methylation control exhibiting near-complete CpG conversion across the
lambda genome (A) and the TAPS+ negative control showing minimal CHG/CHH methylation (B).
Genome-wide transcription start site (TSS) profiles generated from Ultima sequencing (C) closely matched
those obtained using lllumina (Figure 4), demonstrating consistent methylation patterns across platforms.

Conclusions

* TAPS+ enables high-fidelity methylation sequencing from diverse and challenging
clinical materials, supporting robust epigenetic analysis within a streamlined workflow.

* Under these study conditions, the positive-readout approach demonstrated superior
data quality and biological relevance compared to an enzymatic negative-readout
method, highlighting its potential utility for translational research, early detection,
and clinical assay development.

Future Directions for Research:

* Validate TAPS+ in larger, more diverse, and earlier-stage clinical cohorts to further
assess biomarker robustness, epigenetic signal stability, and its potential for early
detection applications.

* |ntegrate TAPS+ biomarkers into multiomic or machine learning frameworks to
improve disease classification and support development of sensitive cfDNA
detection assays.



