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study methylation marks in a large number of individuals within breeding
programs.

Questions : Is Whole Genome Bisulfite Sequencing (WGBS) still the gold standard
for DNA methylation analysis ? Is Enzymatic Methyl-seq (EM-seq) a better
reference to represent the short-read sequencing ? Technologies like Oxford
Nanopore (ONT) and PacBio offer the advantage of long reads but are they
powerful for detecting methylation ?

Figure 1. Overview of study design and dataset produced.

The quail and pig samples were sequenced using EM-Seq and WGBS methods on lllumina HiSeq3000 or
NovaSeq6000, as well as Oxford Nanopore technology on PromethlON from R9.4.1 flow cell. Additionally, the quail
sample was sequenced using PacBio on Sequel2. An average coverage of 30x was achieved for each method. The
dataset was then processed by 1) analyzing the format of raw reads produced for each method, 2) applying specific
CpG methylation calling pipelines, 3) compiling fractions of 5mC methylation and depth of coverage per CpG
position and strand (one file per run), and 4) performing R analysis with result data to evaluate and compare the
technologies.

RESULTS

Comparing CpG sites coverage across technologies : Comparing CpG methylation measurements across technologies :

At the 10X threshold, the WGBS approach covers less than 75% of The highest correlation is always obtained between ONT and EM-Seq.

CpG sites, while EM-Seq and PacBio cover around 90% and ONT
achieves close to 100% coverage.

WGBS shows significant heterogeneity in CpG site coverage, along
with a high proportion of CpG sites uncovered, indicating a
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Figure 2. Coverage of CpG sites across technologies.

The percentage of CpG sites covered at a minimum depth of coverage (a,b) and the ool 08
distribution of CpG site coverage (c,d) for ONT (red), EM-seq (green), WGBS (blue) and K
PacBio (purple) sequencing of Coturnix japonica (a,c) and Sus scrofa (b,d) samples.
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/ ONT released R10.4.1 flow cell methylation calling enhancements :

R10.4.1 flow cell outperformed the R9.4.1 flow cell in methylation calling using the remora
super-accurate model.
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CONCLUSION

Choosing the most suitable technology often involves balancing resolution, genome coverage,
sample throughput, technical complexity, and overall cost. Our study [1] and other published
benchmarks [2-6] demonstrate the performance of Nanopore Technology for methylation
detection in addition to its advantage of long reads, which are particularly useful for complex
genomic regions or for detecting structural variations alongside methylation. For this reason, the
SeqOccln project continued to use Nanopore technology on a larger number of samples in pig
and quail, allowing the study of intergenerational epigenetic inheritance [7,8].

However, ONT is still more expensive than short-read technologies and poses challenges for use
in breeding programs. For projects with limited budgets or focused research questions, WGBS
and techniques like RRBS or enrichment-based methods could still be sufficient. But given our
results, we now recommend the use of EM-Seq for better CpG coverage.
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