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Methylome profiles to investigate gene regulation mediated
by phase-variable DNA methyltransferases in serogroup B

Neisseria meningitidis
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ABSTRACT Neisseria meningitidis serogroup B is a major cause of meningitis and
septicemia. Here, we report PacBio HiFi single-molecule real-time (SMRT) methylomics
data sets for strains MC58, B6116/77, and M0579. These strains encode the phase-var-
iable DNA methyltransferases ModA11, ModA12, and ModD1, respectively, which are
epigenetic regulators pivotal to meningococcal pathogenicity.

KEYWORDS Neisseria meningitidis, phase variation, DNA methyltransferase, Mod,
PacBio HiFi methylome analysis, epigenetic regulation

Neisseria meningitidis serogroup B is a primary cause of bacterial meningitis and
septicemia (1). This species encodes phase-variable DNA methyltransferases (Mods)
that switch between ON-OFF states via slip-strand mispairing within the simple
sequence repeat tract of their open reading frame (2-4). Mod switching drives genome-
wide changes in N°-adenine methylation, with each Mod recognizing a unique motif.
For instance, ModA11 (MC58), ModA12 (B6116/77), and ModD1 (M0579) methylate the
motifs: 5-CGY™AG-3’, 5-AC™ACC-3’, and 5-CC™AGC-3’, respectively (3-5). Genome-
wide methylation changes epigenetically modulate bacterial gene expression (4, 6).
Here, we report the release of PacBio HiFi quantitative methylome resources for N.
meningitidis strains MC58 (ModA11), B6116/77 (ModA12), and M0579 (ModD1), each
profiled in a Mod ON state and an isogenic mod::kan knockout (KO) (Table 1).

Strains were cultured from frozen stocks in GC glycerol broth supplemented with 30
UM desferal (Sigma-Aldrich) to mimic biological iron-deplete conditions at 37°C with 200
rpm aeration. Genomic DNA was extracted from mid-logarithmic phase cells (Gel-Elute
Bacterial Genomic DNA Kit; Sigma), as per manufacturer’s instructions. DNA quality and
purity were assessed using pulsed-field gel electrophoresis (Femto-Pulse system) and via
the CLARIOstar Plus platform, respectively.

High molecular-weight DNA was sheared (~7-10 kb) (FastPrep 96), converted to
SMRTbell libraries (SMRTbell prep kit 3.0), size-selected (AmpurePB beads, >5 kb) and
sequenced on the PacBio Revio system (30 h movie). HiFi data sets (~9.0-kb mean read
length) yielding 87.9 Gb of high-quality sequencing data were analyzed against RefSeq
assemblies, with MC58, B6116/77, and M0579 mapped to references GCF_000008805.1
(ASM880v1), GCF_001029815.1 (ASM102981v1), and GCF_001029835.1 (ASM102983v1),
respectively. Alignments were generated with pbmm2 v1.12.0 (HiFi preset), with
summary metrics from samtools v1.18.

PacBio HiFi SMRT sequencing enabled genome-wide methylation profiling. Modi-
fied-base information was extracted using a Fiber-seq-based workflow repurposed for
endogenous prokaryotic methylation detection, applying the fire step and generating
pileups while excluding non-primary and supplementary alignments. Motif methylation
was quantified by locating motif instances in each reference genome (segkit-locate
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v2.7.0), intersecting motif coordinates with pileup data (bedtools-intersect v2.27.1), and
exporting per-motif count tables and bedGraph tracks reporting the percentage of reads
modified at the target base. Motifs analysed included ModA11, ModA12, and ModD1, in
addition to ModB1 (5-CCACC-3’) (8) and ModB2 (5-CGAAT-3’) (9). Genome-wide
coverage was computed with mosdepth v0.3.10 and collated with MultiQC v1.25. The
number of motif sites detected was consistent between ON and KO methylomes, with
the following count per strain: MC58, 7,956 (ModA11) and 3,726 (ModB1); B6116/77,
3,969 (ModA12) and 4,349 (ModB2); and M0579, 4,281 (ModA12), 3,830 (ModB1), and
5,043 (ModD1). De novo motif discovery was performed using PacBio SMRT Link v25.2.0:
strand-specific kinetics were generated (CCS reads; ccs-kinetics-bystrandify), reads were
aligned to RefSeq assemblies (pbmm?2 v1.12.0; sorted/indexed), and modified-base sites
and enriched motifs ("™A/™C) were identified using ipdSummary and pbmotifmaker
(minimum motif score threshold 20).

Across all genetic backgrounds, SMRT methylomics produced high-coverage,
motif-resolved methylation profiles that enable direct comparison of motif occu-
pancy and methylation signal between Mod ON and KO conditions, with de novo
motif discovery supporting known methyltransferase-associated motifs and identifying
additional candidate motifs for further investigation.
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In this study, we used laboratory stocks of MC58 (cerebrospinal fluid isolate, UK, 1983),
B6116/77 (Iceland, 1977), and M0579 (USA, 1993), all of which originate from patients
with invasive meningococcal disease, and whose genomes and detailed metadata are
publically available from pubMLST (10). Raw PacBio Revio HiFi reads (unaligned BAM
files) for N. meningitidis serogroup B strains MC58, B6116/77, and M0579 (mod ON
and mod:kan) have been deposited to the NCBI Sequence Read Archive (SRA) under
BioProject PRJINA1404856. These data sets comprise raw reads; assembled transcripts
were not submitted. SRA accession IDs and associated BioSample accession IDs are
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summarized in Table 1.
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