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Supplementary Methods

Droplet genome sequencing.

Droplet genome sequencing was performed by bitBiome (Japan) as previously described [1]. Briefly, in the
cell-DS, the cell suspensions from biofilm samples were mixed with 1.5% agarose solutions in Dulbecco’s
PBS (DPBS; Thermo Fisher Scientific) so that the expected percentage of positive droplets was = 40% (i.e.
cells/droplets ratio become = 0.5) based on the previous study [2]. In the case of nanoparticle genome
sequencing, the suspensions of nanoparticles were mixed with the agarose solutions so that the expected
percentage of positive droplets was less than 30%. Bacterial cells or nanoparticles were encapsulated in
droplets using fabricated microfluidic droplet generators [3] and further used for in-bead bacterial genome
amplification sequencing. Collected droplets were incubated on ice for 15 min for solidification. The
solidified gel droplets were broken with 1H,1H,2H,2H-perfluoro-1-octanol (Sigma-Aldrich). Then, the gel
beads were washed with acetone (Sigma-Aldrich), and the solution was mixed vigorously and centrifuged.
The gel beads were washed three times each with DPBS, followed by isopropanol. In the case of cell-DS,
the encapsulated cells were further lysed using the lysis solutions in gel beads. First, 50 U/ uyL Ready-Lyse
Lysozyme Solution (Epicentre), 2 U/ mL Zymolyase (Zymo Research), 22 U/mL lysostaphin (MERCK), and
250 U/mL mutanolysin (MERCK) were added and incubated in DPBS at 37 °C overnight. Then gel beads
were washed three times and 0.5 mg/mL achromopeptidase (FUJIFILM Wako Chemicals) was added into
DPBS at 37 °C for 8 hours. The gel beads were washed with DPBS three times again and 1 mg/mL
Proteinase K (Promega) with 0.5% SDS in PBS was added and incubated overnight at 40 °C. Following
lysis, the gel beads were washed with DPBS five times. Then, the droplets in cell-DS and NP-DS were
processed for multiple displacement amplification (MDA) using REPLI-g Single cell Kit (QIAGEN). The
droplets were suspended in Buffer D2 from a REPLI-g Single Cell Kit and incubated for 2 hours or 8 hours
for cell-DS or NP-DS, respectively. Following whole-genome amplification (WGA), gel beads were washed
three times with 500 yL DPBS. Thereafter, beads were stained with 1x SYBR Green (Thermo Fisher
Scientific) in DPBS. Following the confirmation of DNA amplification in the presence of green fluorescence
in the gel, fluorescence-positive beads were sorted into 0.8 yL DPBS in 96-well plates using the
FACSMelody cell sorter (BD Bioscience) equipped with a 488-nm excitation laser. Following droplet sorting,
96-well plates were proceeded to the second round of WGA. Second-round MDA was performed with the
REPLI-g Single Cell Kit. The 96-well plates were incubated at 65 °C for 10 min after the addition of Buffer
D2 (0.6 pL) to each well. Thereafter, 8.6 uL of MDA mixture was added to each well, and the plates were
incubated at 30 °C for 2 hours for cell-DS and 8 hours for NP-DS, followed by the incubation at 65 °C for 3
minutes. Following second-round amplification, aliquots of the 96 well-plates were transferred to replica
plates for DNA yield quantification using the Qubit dsDNA High Sensitivity Assay Kit (Thermo Fisher
Scientific). For cell-DS, 16S rRNA gene Sanger sequencing (FASMAC) with the V3-V4 primers (Forward,
5-TCGTCGGCAGCGTCAGATGTGTATAA GAGACAGCCTACGGGNGGCWGCAG-3'; reverse, 5-
GTCTCGTGGGCTCGGAGATGTGTATAAGAGAC AGGACTACHVGGGTATCTAATCC-3') was also

performed using the replica plates. The whole-genome amplified samples with enough DNA were further



subjected to the whole-genome sequencing analysis. In the case of cell-DS, the whole-genome amplified
samples were further screened using the Geneious software (Biomatters, Ltd.) based on the quality of 16S
rRNA with the criteria that more than 400 bp in length and HQ 40%. For whole-genome sequencing
analysis, sequencing libraries were prepared from second-round MDA products using the Nextera XT DNA
Library Prep Kit (lllumina) according to the manufacturer’'s protocols and sequenced using the HiSeq
System (lllumina) 2 x 150 bp configuration for the biofilm samples or 2 x 75 bp configuration for P. gingivalis
BEVs.

Estimation of the percentage of particles with DNA in cell-DS and NP-DS.

The theoretical ratio of droplets to particles in the encapsulation step is denoted as R:and described as
follows:

N
th?

Here N is the total number of nanoparticles (cells) and t is the number of droplets. We used the fixed R:for
cell-DS or NP-DS as described above. Here, the nanoparticle samples subjected to the gel-lysis are
considered as a mixture of viruses, BEVs, and other nanoparticles (extracellular proteins), and thus N can
be described as follows:
N=a+f+y+6

Here, a, B, vy, and 0 are the total numbers of viruses, BEVs with DNA, BEVs without DNA, and other
nanoparticles. The observed ratio of droplets to particles with DNA in the encapsulation step is denoted as
Roand described as follows:

a+p
t
For estimating Ro, the percentage of DNA-containing droplets (we call this parameter as P, hereafter) after

R, =

processing cells or nanoparticles were quantified by counting the number of droplets with green
fluorescence in microscopic images. From P,, we further estimated the ratio of droplets to particles with
DNA (Ro) using the empirical curve in a previous study [2]. We can also estimate the ratio of BEVs (Rp) by
positive particles with lipid-staining dye using NTA.

Bty

R, =—m
PTa+B+y+6

The ratio of droplets containing viruses to those containing BEVs with DNA was estimated based on the

taxonomic profiles (Fig. 4).

a
Ry, = E
Then the percentage of BEVs with DNA (r) was calculated as follows.
B R,

T = =
B+vy R Ry(1+Ry)



Acquisition of transmission electron micrographs (TEM)

Purified BEV samples were placed onto formvar coated copper grids and negatively stained with 2%
phosphotungstate acid solution (pH = 7.0) for 60 sec. The grids were analyzed and visualized using a JEM-
1400 microscope (JEOL Ltd.) operated at an acceleration voltage of 100 kV and imaged using an EM-
14830RUBY2 CCD camera (JEOL Ltd.) or JEM-2100 microscope (JEOL Ltd.) at an acceleration voltage of
80 kV with Orius SC200D (Gatan, Inc.).

Acquisition of scanning electron micrographs (SEM) of P. gingivalis cells

Pre-cultured P. gingivalis cells were first washed with PBS after centrifugation for 10 min at 7800 rpm and
25°C. ITO glass (GEOMATEC) was immersed into the resuspended cell culture for 30 min with petroselinic
acid (PA), artepillin-C (APC), or dimethyl sulfoxide (DMSQ) at 25°C. Thereatfter, the ITO glass was removed
from the culture, fixed with 2.5% glutaraldehyde, and washed three times in 0.1 M phosphate (pH 7.4)
buffer. The washed ITO glass samples were subjected to a gradual dehydration process, wherein they were
exposed to ethanol gradients of 25, 50, 75, 90, and 100% in the same buffer solution. Subsequently, the
samples were exchanged thrice with t-butanol and freeze-dried under vacuum. The dried ITO glass was
then subjected to a platinum evaporation coating process. and visualized using a JSM-7900F field-emission

electron microscope (JEOL Ltd.) at an acceleration voltage of 2 kV.

Purification of BEVs from P. gingivalis after the petroselinic acid

P. gingivalis W83 was first grown in Gifu anaerobic medium at 37°C aerobically by pre-sparging of N2/CO2
(80:20 v/v) gas. After the incubation for = 22 hours (OD600 reaches to approximately 0.5 ~ 1.0), the culture
was centrifuged for 10 min at 7800 rpm and 25 °C and the resulting pellet was resuspended in the same
amount of PBS as the original culture to remove pre-existing BEVs. Then the resuspended cell culture was
treated with either of 64 uM petroselinic acid (PA) (FUJIFILM Wako Chemicals) or dimethyl sulfoxide
(DMSO) (Sigma-Aldrich) incubated for 1 hour at 25°C. Then, the culture was centrifuged for 10 min at 7800
rem and 4°C The resulting supernatant was passed through 0.22 um filters to remove any cell debris. The
filtered supernatant was ultracentrifuged for 2 hours at 200,000 x g at 4 °C and the resulting pellets were
re-suspended in phosphate buffered saline (PBS).

Purification of BEVs from P. gingivalis cultured with artepillin-C

P. gingivalis W83 was grown in Gifu anaerobic medium at 37°C aerobically by pre-sparging of N2/CO2
(80:20 v/v) gas with either of 20 uM artepillin-C (APC) (FUJIFILM Wako Chemicals) or the same amount of
DMSO (Sigma-Aldrich). After the incubation for = 22 hours (OD600 reaches to approximately 0.5 ~ 1.0),
the culture was centrifuged for 10 min at 7800 rpm and 25 °C and the resulting supernatant was passed
through 0.22 pm filters to remove any cell debris. The filtered supernatant was ultracentrifuged for 2 hours

at 200,000 x g at 4 °C and the resulting pellets were re-suspended in phosphate buffered saline (PBS).



Quantification of DNA copy numbers by Real-time PCR analysis and nano flowanalyzer

For quantifying the amount of target DNA in the BEVs, (shown in Fig. 1B), the DNase | treated BEV
samples from the P. gingivalis culture were subjected to the quantitative real-time PCR (qPCR) assays
using Tagman Gene Expression Master Mix (Thermo Fischer Scientific). Briefly, gPCR assays were run in
a dual color format utilizing TagMan probes. The complement oligonucleotide probes to each target DNA
fragments were prepared and labelled with FAM-TAMRA (see Supplementary Table 7, for the entire
information of the primer and probe sequences used for this study). For the quantification of DNA contained
in the BEVs, the standard curves were obtained by the serially diluted P. gingivalis genomic DNA samples
(100 - 0.1 ug) extracted using Isoplant DNA extraction kit (NIPPON GENE). For sample preparation, BEV
samples were pretreated with Proteinase K (Takara bio) for overnight at 37°C, then heated at 98°C for 20
min. 4 pL of treated samples were diluted to a 20 pL reaction mixture and subjected to following
thermocycling steps: 10 min at 95°C, and 45 cycles of 15 s incubation at 95°C and 1 min incubation at 60°C
using StepOnePlus™ Real-Time PCR System (Thermo Fischer Scientific). All samples were triplicated for
all measurements. The results were analyzed with StepONE software v2.3 (Thermo Fischer Scientific).
The quantification of BEV concentrations subjected to the gPCR analysis were performed using nano
flowanalyzer (NanoFCM). We stained the isolated nanoparticles with the lipid-staining dye, 33.3 uM DiD
(1,1’-Dioctadecyl-3,3,3',3-Tetramethylindodicarbocyanine) and DNA-staining dye, 2.67 pg/mL
1000xSYBR-Green I. The samples were diluted in PBS so that the total detected events were less than =
10000 /min. The measurements were conducted with a sampling pressure of 1.0 kPa, and the side scatter,
green fluorescence, and red fluorescence signals were detected by the irradiation of 488 nm and 638 nm
lasers (set to 10 mW power and 10% decay for side scatter signals) with the bandpass filters (Green:
525/40; Red: 670/30 (peak wave length / half width)). A standard silica nanoparticle with a diameter of 250
nm (NanoFCM) was employed as a reference solution to determine the concentration of total nanoparticles.
A standard silica nanosphere cocktail S16M-Exo (NanoFCM) was used for the size calibration. The
NanoFCM Profession v2.0 software was used for data acquisition and processing. The total number of
lipid-stained nanoparticles (BEVs) was determined using the ratio of the subpopulations estimated as red
fluorescence signal positive and more than 50 nm in size by means of gating processes in the software.
Finally, the estimated copy number of target genomic regions in the gPCR was divided by the total number
of BEVs, resulting in the average copy number of the target genomic region detected in a BEV particle in a

given population.

Estimation of DNA fragments in extracellular DNA (eDNA) or BEV fraction from P. gingivalis culture
using Real-time PCR analysis

Overnight-grown P. gingivalis cultures were prepared and centrifuged for 10 min at 7800 rpm and 4 °C.
The resulting supernatant was passed through 0.22 pm filters to remove any cell debris. The filtered

supernatant was ultracentrifuged for 2 h at 200,000 x g at 4 °C to separate extracellular and BEV fractions.



The resulting pellets were re-suspended in PBS (we call this solution as the BEV fraction). The eDNA was
collected from the extracellular fractions using ethanol precipitation. The 10 mL of the supernatant after
ultracentrifugation was collected and 3M sodium acetate at 1/10 volume and 100% ethanol of 2.5 volumes
of the supernatant was added. The solution was incubated at —20°C overnight. After the incubation, the
solution was centrifuge at 4°C at 15,000 rpm for 30 minutes and the supernatant was removed. Then, the
resulting pellet was further washed with 100 pL of ice-cold 70% ethanol and centrifuged at 4°C at 15,000
rpm for 5 minutes. The resulting supernatant was removed, and the pellet was air-dried at room temperature
and then eluted with TE buffer. The collected DNA pellet was further purified with NucleoSpin Gel and PCR
Clean-up kit (MACHEREY-NAGEL) and eluted with ultrapure water (we call this solution as eDNA fraction).
As a control, we also prepared the DNA extracted from the BEV fraction. We first collected the suspended
pellets equivalent to a 10 mL P. gingivalis culture and treated with DNase | and extracted DNA using the
Isoplant-Il DNA extraction kit (NIPPON GENE) according to the manufacturer’s instructions. Then the
amount of the targeted genomic regions was quantified using the quantitative real-time PCR analysis with
the same configuration as described above. The estimated total amount of the targeted DNA fragments

was normalized to be the quantity obtained from 1 mL of the P. gingivalis culture.

Identification of terminal inverted repeats (TIRs)

Identification of TIRs from the target genome region was performed using RepeatScout and RepeatMasker
[4]. First, the “RepeatScout” and “build_Imer_table” algorithms were used to identify frequently occurring k-
mers within the target genome region. The -Imer option is set to 12 and 14 for transposons and the other
longer DNA regions, respectively. The sequences shorter than each set -Imer option were excluded from
the analysis because shorter TIRs have not been reported in each case [5, 6]. Then the repeat sequences
were comprehensively searched in the target genomic region by the “RepeatMasker”. For transposon case,
the 500 bp upstream or downstream regions from the ORF site was targeted, and pairs of repeats that flank
the target ORF and are complementary each other were further screened by the custom code. For other
genomic loci, the pairs of repeats that flank more than 5 kb region were further screened. If the identified

TIRs exist in close proximity to each other, such TIRs were merged into a single TIR manually.

Computation of cumulative GC skewness and identification of dif sites

Using the number of nucleotide G and C (nG and nC), GC skewness was calculated using as follows:

nG — nC

GCskew = ———
siew nG + nC

For a 10 kb genomic region in a target genome, GC skew was calculated in 200 bp windows, and the
average value was used as the GC skewness for each 10 kb region. The cumulative sum from the initial
position of the genome sequence was calculated and plotted as cumulative GC skewness in Supplementary

Fig. 9. The sequence information and genomic positions for dif sites were referred to the previous study [7].
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Pangenome analyses of Porphyromonas

The bacterial genomes grouped in the Porphyromonas genus were first collected from GTDB [8] (version
r214) and subject to the completeness and contamination checks using CheckM 1.1.3 [9], resulting in 244
genomes that showed > 90% completeness and < 5% contamination from 41 species (Supplementary Data
4). The CDSs in those genomes were extracted using Prokka 1.14.6 [10], and the extracted CDSs were

1

grouped into orthologous groups using Orthofinder 2.4.0 [11] with the option “-0g”. We constructed a
maximum likelihood phylogenetic tree in the Porphyromonas group using the bacterial marker genes
collected using GTDB-tk (version 2.1.1) [8]. For the 244 genomes in Porphyromonas, a multiple sequencing
alignment (MSA) of the marker genes was first performed using the “align” command in GTDB-tk. A
phylogenetic tree reconstruction using igtree 2.0.3 [12] was performed on the resulting MSA file from GTDB-
TK. The best-fitting model of sequence evolution for the given MSA was searched using ModelFinder [13].

The estimated phylogenetic and gene-cluster tree visualizations were performed using the ETE toolkit [14].

Construction of gene-cluster trees

For a target gene cluster, we first extracted orthologous genes (CDS) for each gene from 244 genomes
based on the OrthoFinder results. Then, each orthologue gene set was aligned using MAFFT 7.5.20 [15].
The poorly conserved regions were removed from the resulting MSA files using trimAl 1.4.1 [16] with options
“-automated1”. Then, the alignments of all orthologues in the target gene cluster were concatenated and

used for tree construction using igtree with ModelFinder as mentioned above.

Screening phylogenetically discordant genes

Orthologous gene sets whose pairwise similarities were significantly discordant with the average pairwise
similarities of the genomes are candidates of horizontally transferred genes, and such phylogenetically
discordant gene sets were screened using BLASTP scores based on Clarke et al. [17]. We targeted 1579
orthologous gene sets identified using OrthoFinder, which consist of more than 25 genes (10% of all
analyzed genomes). In each orthologue group, protein homology searches against the protein sequences
from all-gene members were performed using DIAMOND using the gene from P. gingivalis W83
(GCF_000007585.1) as a query sequence. The genes belonging to multiple orthologous groups were
excluded from the analysis. The bit-scores of those homology searches were normalized by the self-
matching score (i.e., the bit-score against the protein sequence from P. gingivalis W83), and these
normalized bit-score (u) were used as metrics of similarities in each orthologous group. If multiple gene
members from an identical genome exist in the same orthologue group, the gene with the highest bit-score
was used for the analysis. Finally, in an orthologue group O, we obtained the array of the normalized bit-

scores as follows:

Up = {uo,v Up,2)"""» uo,c}



Here, uo,c is the normalized bit-score of a gene from the genome G that belongs to the orthologue group

O. Then, for each target genome G, we can also obtain an array of the normalized bit-scores as follows:

Ug = {u1,c' Uz 6o uo,c}

The median of the Us (denoted as we) is used as a metric of the overall sequence similarity for a target
genome G to the query genome (GCF_000007585.1), then we obtained the array of the overall sequence

similarity for the targeted genomes as follows:
W = {w;, wy, -+, we}

By checking Pearson’s correlation between Uo and W in each orthologue group, we determined whether
the sequence similarities in that gene set are discordant with the overall similarities of the target genomes.
To test whether the observed correlation is significantly low (i.e., the correlation is significantly lower than
the expectation), we performed the permutation test. For the genomes whose genes are involved in the
target orthologue group, we randomly picked out u from Ug array and generated a random set of normalized
bit-score and computed Pearson’s correlation to W. We repeated this process 10,000 times, and the
probability that the correlation was higher than the observed value was computed. If this probability is lower
than 0.05, that orthologue group is regarded as phylogenetically discordant gene sets with overall genome

sequences, and thus possibly horizontally transferred genes.

Finding possible HGT events of the target gene cluster in Porphyromonas

The detection of possible HGT events in the target gene cluster was performed by reconciling phylogenetic
(species) and gene-cluster trees using RANGER-DTL 2.0 [18]. The phylogenetic and gene-cluster trees
were first collapsed at the species level using ETE tool kit. Then, RANGER-DTL module was run with the
following cost parameter set (-D 2 -T 5 -L 1) to reconcile the trees for 10,000 times. Transfer events detected

in more than 50% of the reconciliation analysis were labeled as HGT events between species.

Pre-processing of sequence reads and extraction of CDSs in droplet sequencing

The paired-end read sequences from each droplet were first processed using fastp 0.19.5 [19] for quality
control and adapter trimming. The processed sequence reads were assembled using SPAdes 3.12.0 [20]
with options (-k auto —disable-rr --careful). Then CDSs, rRNAs, and tRNAs were extracted from the contigs
by Prokka 1.14.6 [10].

Taxonomic annotation of CDSs in droplet sequencing



The extracted CDSs from droplets derived from the same sample were grouped together and clustered
using CD-HIT [21] with options (-c 0.98 -s 0.5 -aS 0.9). The clustered CDSs were first annotated by a
homology search against the National Center for Biotechnology Information (NCBI) non-redundant (nr)
database (downloaded on July 1%t, 2021) using DIAMOND 2.0.8 [22] with options (--evalue 1e-10 —outfmt
6 —sensitive). For each CDS, the Genbank accession number of the best-hit protein sequence was further
used for taxonomic annotation using BASTA [23] with options (sequence prot -1 100 -1 80 -b). At this step,
hits whose percent identity is less than 80% and whose matched length is less than 100 bp were discarded.
Genbank accession numbers that were not mapped to the default BASTA database were further mapped
to the NCBI database using custom python code implemented in the original BASTA pipeline. Briefly,
taxonomic information of each protein sequence in DIAMOND hits was obtained using Bio.Entrez module
in Biopython package [24] and formatted using TaxonKit [25].

The CDSs classified as Bacteria in the kingdom-level were further annotated using a homology search
against protein sequences in the Genome Taxonomy Database (GTDB) [8] (version r202) using DIAMOND
for more strict taxonomic annotation of bacterial CDSs. If a top-hit of CDS to the GTDB protein database
with a percent identity = 80%, the assembly accession number registered in GTDB was assigned. We
eliminated bacterial taxa that were classified as potential contaminants in low-biomass human samples in

previous studies [26, 27]. The list of eliminated GTDB taxa is shown in Data. S2.

Screening of most frequently detected taxon in BEV-containing droplets

For droplets determined to BEV-containing, we first grouped CDSs using their taxonomic information
(GTDB accession number) and calculated the total CDS length assigned to each GTDB taxonomy. Then
the most abundantly detected GTDB taxonomy in the total CDS length is designated to the “most frequently
detected taxon” (MFT) for each droplet.

Identification of detected and enriched genomic regions in BEVs

We first aligned sequence reads obtained from each droplet to the assembly genomes of host bacteria
using bowtie2 2.3.5.1 [28] with option (--sensitive). We analyzed BEV-containing droplets from the P.
gingivalis and mapped the sequence reads to the host bacterial genome (P. gingivalis: GCF_000007585.1).
In the case of dental biofilm samples, we focused on Alcaligenes faecalis (GCF_002443155.1), which were
frequently detected as MFT in droplets. It is well known that MDA usually harbors chimeric sequences
during the amplification process [29] and it is possible that presence of those chimeric reads affect the
mapping profiles. We checked this possibility using BWA [30] and found that only 1.41 £ 0.34% of reads
were classified as chimeric in 96 droplets (Supplementary Fig. 20). We also confirmed that cleaning of
those chimeric reads using recently developed algorithm [31] did not harbor qualitative difference in the

mapping profiles compared to those generated from the original read sequences (Supplementary Fig. 20).



Then, the assembly genome sequences for each bacterium were separated into 1000 bp sections. Each
section is filled with black in mapping profiles (e.g., Fig. 1B), when almost the entire area (> 80%) was
mapped by reads more than 1 time.

Significantly enriched genomic regions in the droplets were screened using a binomial test with the

following formula:

p= Z (Tll) Po* (1 —pp)"*
i=k

Where n is the total number of droplets examined, k is the number of positive droplets (i.e. droplets in which
the targeted 1000 bp section was detected), and pois the average frequency of positive droplets for the
overall genomic region. If p (P value) is less than 0.01, that 1000 bp section is regarded as an enriched
genomic region in BEV-containing droplets.

For calculating the lengths of total regions or contiguous regions that mapped by reads, we extracted
sections where over 99% of the area was covered by at least 1 read. Then, 2 regions where the start
position of one region and the end position of the other region are less than 2 kbp distant were regarded to
be adjacent and treated as a single contiguous region, otherwise the 2 regions were derived from different
loci (i.e., the separate fragments). In the case of P. gingivalis, identical genomic regions, especially those
in IS elements, appeared multiple times, which potentially leads to the mapping of the sequence reads to
broader regions than their actual extent. To exclude this effect for calculating the length of all detected
regions and continuous regions, we excluded the IS elements (Supplementary Data 2) for the calculation

of the total detected region or continuous genomic region in each droplet.

Gene enrichment analysis in BEV-containing droplets

The significantly enriched genomic regions were divided into CDS-unit using Prokka and functionally
annotated using a homology search using DIAMOND against UniprotKB/Swiss-Prot database [32]
(Downloaded on April 21, 2021). To see the enrichment of specific functional categories in BEV-derived
CDSs, the gene ontology (GO) annotations [33] are attributed to a top hit in UniprotKB/Swiss-Prot database
assigned to each CDS. Then enriched GO annotations in BEV-derived CDSs were screened using a
hypergeometric test with the following formula:

n (GN(G—g
3 ()G9
P=/2.7 G\
= (7))
Where n is the total number of enriched CDSs, G is the total number of CDSs in the genome, and g is the
total number of CDSs in a GO annotation category of interest. The probability that more than k CDSs were
found in each GO annotation category is denoted as p. If p is less than 0.05, that GO annotation is regarded

as an enriched functional category in BEV-containing droplets.



Supporting Figures
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Supplementary Figure 1. NTA (nanoparticle tracking analysis) of BEVs isolated from pure cultures
of P. gingivalis. (A) The typical size distribution of nanoparticles isolated from pure cultures of P.gingivalis
using NTA (nanoparticle tracking analysis). We stained the isolated nanoparticles with the lipid-staining dye,
33.3 uyM DiD (1,1-Dioctadecyl-3,3,3’,3’-Tetramethylindodicarbocyanine), and DNA-staining dye, 2.67
pg/mL 1000xSYBR-Green |. We detected the scattered light signals (Scatter, black), lipid dye fluorescence
(red, detected in 660/680 nm laser-filter unit), or DNA dye fluorescence (green, detected in 488/500 nm
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laser-filter unit). A blue line is the fitted curve of the normal distribution to the experimental data. (B) The
total concentration of nanoparticles detected by each signal with 50 ~ 500 nm in size. Error bars indicate
the standard deviations in triplicate experiments. (C) The typical TEM micrographs of the purified

nanoparticles from the P. gingivalis culture.
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Supplementary Figure 2. The ratio of droplets containing amplified DNA fragments after processing
cells or nanoparticles. (A) Representative microscopic fluorescence images of gel beads after in-gel lysis
and amplification. The beads were stained with SYBR-Green-| to check the number of positive droplets
(i.e., internal DNA was successfully amplified). (B) Schematic of estimating the percentage of nanoparticles
with DNA. The nanoparticles expected to contain DNA, BEVs with DNA or phages, were colored by purple
and red, respectively. Gel beads expected to contain amplified DNA fragments were colored green. The
theoretical ratio of droplets to total particles (R:) was controlled to a fixed value in our analysis (see
Supporting Materials and Methods). The ratio of droplets to particles with DNA (Ro) was estimated by the
percentage of positive droplets in a microscopic image and an empirical curve in a previous study. Based
on those two parameters and other two parameters estimated using NTA and taxonomic annotation (see
Supporting Materials and Methods), we calculated the percentage of BEVs with DNA, r. (C) The observed

percentage of positive droplets and estimated percentage of BEVs with DNA.
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Supplementary Figure 3. Alignment rate of the sequence reads to the assembled contigs or
reference genome in NP-DS. (A) The results in the NP-DS of Porphyromonas gingivalis BEVs. For each
set of sequence reads from each droplet, we performed the mapping using bowtie2 to the assembled
contigs or the original bacterial genome (GCF_000007585.1). Then the percentage of the aligned sequence
reads were plotted for each NP-DS. (B) The result in the NP-DS of the oral biofilm samples. The processed
sequence reads were mapped to the assembled contigs for each droplet. Each dot corresponds to a result

of a single droplet. In both cases, we mapped the sequence reads processed by fastp. The bold lines
indicate the median values.
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Supplementary Figure 4. DNA length of all detected fragments in each droplet containing P.
gingivalis BEV. The lengths of detected contiguous genomic regions are plotted for each droplet. Stacked
bar plots of different colors indicate DNA fragments originating from distant regions (> 2 kb) of the genome.
Droplets are sorted in ascending order according to the ratio of the longest fragment length to the total
detected region. Here, the results from 93 droplets, where more than 90% of sequence reads were mapped
to the P. gingivalis genome, were shown.
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Supplementary Figure 5. GC content of genomic locus biases the frequency of sequence reads in
bulk-BEV sequencing. (A) The difference in mapped sequence reads is dependent on the GC content of
genomic loci in bulk-BEV sequencing. The genome of P. gingivalis W83 (GCF_000007585.1) was
separated in 400 bp sections, and the average number of mapped sequence reads in each section was
estimated. Those sections were binned by GC content (from the range of 30% to 60% separated by 2%
intervals), and the mapped sequence reads were plotted as boxplots. (B) The relationship between the GC
content and frequency of positive droplets on the genome of P. gingivalis in the NP-DS. Same as panel A,
the P. gingivalis genome was separated by 400 bp sections and binned by GC content. The frequency of
positive droplets in the binned groups are plotted as box plots. In both panels, red lines indicate the linear
regression of the median values.

14



Q§%OO é@ / %%P%&
o %& 2 eDNA

V/, oOeQ« o \ o g S5

A oL © o oo
» BEV
fraction
10"
T

-
o
o

| 1
N -

-
o

I
w

-
o

Relative abundance of target DNA @
=)
T AT B AR R TITT B SR ATTI BT AR R

1
Y
Rt R2 RI R2 RI R2 RI R

R2
BEV fraction eDNA fraction BEV fraction eDNA fraction
Normal growth PA treatment

Supplementary Figure 6. The distinct characteristics of the extracellular DNA compared to the DNA
from the BEV fractions in the P. gingivalis culture. The relative abundance of DNA fragments of the two
target genomic regions in the eDNA or BEV fractions quantified using a real-time gPCR same as Fig. 1B.
The DNA was purified from the extracellular space (e€DNA) or BEV fraction in the equivalent volumes of the
cultures. Here, we normalized the detected amount of DNA fragments by dividing the average value of the
BEV fraction in the Region 1 (i.e., the enriched region in the BEVs) in the normal growth case (without PA
treatment). The error bars indicate the standard deviations. Asterisks indicate statistical significance levels

according to Student’s t-test (*: P value < 0.05 and no symbol in not significant case).
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Supplementary Figure 7. The blebbing-promoting drug increased the BEV production level. (A)
Scanning electron microscope (SEM) images of P. gingivalis cells treated with 20 yM Artepillin-C (APC)
same as Fig.1 1E. (B) Total number of the lipid-dye-stained nano particles after 22 h of incubation with APC
or DMSO, which was quantified using a nano flowanalyzer. Asterisks indicate statistical significance levels
according to Student’s t-test (*: P value < 0.05).
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Supplementary Figure 8. Explosive cell lysis promotes BEV production but decreases the DNA
content of BEVs in P. gingivalis. (A) SEM images of P. gingivalis cells treated with 64 uM Petroselinic
acid (PA) or dimethyl sulfoxide (DMSQ). The image of PA is same as Fig. 1E. (B) Total number of lipid-
dye-stained nano particles after treatment with PA and DMSO, and quantified using a nano flowanalyzer.
(C) The total DNA content purified from the BEV population after treatment with PA or that from naturally
occurring BEVs (i.e., produced during the growth condition without drug treatment). The collected BEV
samples were treated with DNase | and subsequently subjected to DNA extraction. The amount of DNA
was normalized to the total number of BEVs. (D) Total amount of extracted DNA from BEVs from 1mL
volume of cultures in the normal growth condition or the presence of PA. Error bars indicate standard

deviation in triplicates.
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Supplementary Figure 9. The GC skewness and the dif site position on the targeted bacterial

genomes. The cumulative GC skew scores were plotted as black lines. The magenta lines indicate the

position of the dif site on each genome. (A) P. gingivalis W83 (GCF_000007585.1). Blue and orange lines

correspond to the enriched gene clusters, cobalamin biosynthesis and Type I1lI-B CRISPR-Cas,

respectively. (B) Alcaligenes faecalis (GCF_002443155.1). The orange line corresponds to the enriched

genomic position, O-antigen biosynthesis gene cluster.
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Supplementary Figure 10. The identified possible TIRs adjacent to the two clusters in
Porphyromonas gingivalis and Alcaligenes faecalis. The displayed DNA sequences here correspond
to those shown in Fig. 2. Asterisks indicate the aligned nucleotide pairs between left-arm and right-arm of
the inverted repeats. We screened TIRs whose length is more than or equal to 14 bps and the divergence

score in RepeatMasker is less than 10.
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Supplementary Figure 11. Significant overrepresentation of the TIR-flanked genomic regions on the
Porphyromonas gingivalis BEVs. (A) TIRs whose flanking regions are less than 50 kbp and more than 5
kbp were comprehensively screened. (B) The histogram of the insert length flanked by identified TIRs. We
screened 256 TIRs on the Porphyromonas gingivalis genome. (C) The histogram of the average droplet
counts in the TIR-flanked regions (red). We also randomly picked out the 256 genomic loci based on the
empirical length distribution (panel B). A typical histogram of the average droplet counts for the randomly
selected regions was shown (gray). Mean value of the droplet counts among the targeted regions were also
shown. In the case of the randomly selected region, a mean value for one typical case is shown. (D) The
histogram of the average droplet counts for the randomly selected 256 genomic loci whose length are
subject to the distribution in panel B. The random selections were iterated for 10000 times, and the
probability that the average droplet counts in the randomly selected regions were higher than those in the

TIR-flanked regions (MeanTirs) were calculated and shown as P value.
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Supplementary Figure 12. Prevalence and phylogenetic relationship of the cobalamin synthesis
gene-cluster among Porphyromonas group. (A) Prevalence of the seven genes in the cobalamin
biosynthesis gene cluster among 244 genomes in the Porphyromonas group. The presence of seven genes
(displayed in Fig. 2) was shown as a heatmap. The genes that exist and are clustered on the genome are
filled with blue, and those located out of the cluster are filled with red. The major species groups are shaded
by colors in the phylogenetic tree. (B) Strong correlation between the overall similarity of the genome and
the similarity of the genes in the cobalamin biosynthesis gene cluster. Pearson’s correlation (r) between
two parameters is displayed in each panel with the P value: the probability that the randomly picked out
gene similarity score exhibited a lower correlation than the observed value in the permutation test (see
Supporting Materials and Methods). (C) The correlation between the overall similarity of the genome and
the similarity of the genes in all analyzed members. The numbers correspond to those in Fig. 2. The
statistical significance levels of the correlation values are displayed as P values. The gene 4 were not

analyzed here as they did not meet the criteria of the analysis.
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Supplementary Figure 13. Characterization of isolated nanoparticles from the dental plaque biofilm.
(A) The size distribution of nanoparticles isolated from the dental plaque sample. The samples were stained
with 5 ug/mL lipid staining FM4-64 for and 1 pg/mL of 1000xSYBR Green I. We detected the scattered light
signal (black), lipid dye fluorescence (red, detected in 660/680 nm laser-filter unit), or DNA dye fluorescence
(green, detected in 488/500 nm laser-filter unit) using NTA. A blue line is the fitted curve of the normal
distribution to the experimental data. (B) The total concentration of particles detected by each signal with

50 ~ 500 nm in size.

23



B Frequency of Detected CDSs
Low I High

NP-DS

Podoviridae

Siphoviridae

Myoviridae

T
0 80 160 240 320
Droplets

Supplementary Figure 14. Phage particles in an isolated nanoparticle sample from the dental plaque.
(A) The typical TEM micrographs of phage-like particles isolated from the dental plaque of periodontal
patients. (B) Taxonomic profiles of phage-derived CDSs detected in NP-DS. Class-level taxonomic
classification of viral CDSs (vCDSs) detected in NP-DS was shown as a heatmap. The color of the
heatmaps showed the length of CDSs assigned to each taxonomy relative to the total length of vCDS
detected in each droplet. We used NCBI taxonomy for classification. Phage species whose maximum

frequency of detected CDS length in each droplet is less than 0.4 were not displayed.
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Supplementary Figure 15. The ratio of bCDSs to the sum of bCDSs and vCDSs counts in each
droplet regarded as BEV-containing in the NP-DS of oral biofilm. The histogram of bCDSs / (bCDSs +

vCDSs) in the BEV-containing droplets (bCDSs = 5) (N = 73).
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Supplementary Figure 16. Total detected CDS length in BEV-containing droplets analyzing oral
biofilm. (A) The distribution of total length of detected bCDS region in BEV-containing droplets. (B) Box
plots of total bCDS length in BEV-containing droplets (NP-DS) and bacterial cells containing droplets (cell-

DS). Medians and outliers were shown as gray lines and diamonds each.
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Supplementary Figure 17. A schematic of the analysis for identifying MFT and mapping on the
reference genome. For each droplet, the most frequently detected bacterial taxon (MFT) was identified in
GTDB taxonomy based on the annotated information of bCDSs (for details, see Materials and Methods).

Then the read sequences were mapped to the corresponding assembly genome of the MFT.
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Supplementary Figure 18. Mapping status of sequence reads in BEV-containing droplets. (A) The
distribution of the covered rate (The percentage of the genomic region covered by the sequence reads in a
BEV -containing droplet, same as Fig. 5B). For each droplet, sequence reads are aligned to the assembled
genome of the most frequently detected taxon (MFT in Supplementary Fig.17). (B) Taxonomic purity of
detected CDSs in BEVs isolated from the dental plaque. Here, the most frequently detected taxon (MFT)
to which BEV-derived CDSs were assigned was first determined, and then the percentage of CDSs length
attributed to the MFT in each droplet was calculated and plotted as a boxplot (we call this parameter “purity”
of CDSs). We quantified this parameter for the GTDB taxonomic profile in phylum, class, and genus levels.

Medians and outliers were shown as gray lines and diamonds each.
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Supplementary Figure 19. The length of DNA fragments in the droplets containing Alcaligenes
faecalis BEVs. (A) The distributions of the total lengths of the mapped genomic regions by sequence reads
(gray) or the longest continuous genomic region mapped by sequence reads in each droplet (n = 53). The
mapping profile is shown in Fig. 5C. (B) The lengths of detected contiguous genomic regions are plotted
for each droplet containing Alcaligenes faecalis BEV. Stacked bar plots of different colors indicate DNA

fragments originating from distant regions (> 2 kb) of the genome. Droplets are sorted in ascending order

according to the ratio of the longest fragment length to the total detected region.
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Supplementary Figure 20. Mapping profiles of sequence reads from P. gingivalis BEVs after

cleaning of chimeric reads. The sequence reads were mapped after the cleaning process of chimeric
reads using bwa. Same as Fig. 1B, the genomic positions where the sequence reads were mapped in each

droplet were filled with black.
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Supplemental Tables

Supplementary Table 1. Enriched CDSs in NP-DS of P. gingivalis BEVs. Enriched CDSs of P. gingivalis

BEVs, which were screened using binomial test (P value < 0.01). Those screened genes were identical to

those screened with the threshold of 75 percentile + 2*IQR (interquartile range).

start end
position position
Protein id description (bp) (bp)
WP_013815260.1 | hypothetical protein 2062054 | 2063016
WP_005874812.1 | tetratricopeptide repeat protein 2057308 | 2058195
WP_005874932.1 | hypothetical protein 2064777 | 2066783
WP_230456087.1 | 2TM domain-containing protein 2058359 | 2058541
WP_005874833.1 | mechanosensitive ion channel 2056208 | 2057206
WP_230456086.1 | T9SS type A sorting domain-containing protein 2058703 | 2059659
WP_005874913.1 | hypothetical protein 2066813 | 2067403
WP_004583626.1 | DNA-binding protein 2051440 | 2052066
WP _005874827.1 | L-threonylcarbamoyladenylate synthase 2052478 | 2053053
WP _005874926.1 | CRISPR-associated endonuclease Cas2 2069305 | 2069595
WP _005874927.1 | hypothetical protein 2073529 | 2073972
WP_005874822.1 | sugar transferase 2053050 | 2054456
WP _005874906.1 | type llI-B CRISPR module RAMP protein Cmr6 2072771 2073532
type 1lI-B CRISPR module-associated protein
WP _005874912.1 | Cmr3 2074684 | 2075874
WP _010955945.1 | IS5 family transposase 216542 217627
WP _005874916.1 | CRISPR-associated endonuclease Cas1 2069615 | 2072710
WP _010956463.1 | type llI-B CRISPR module RAMP protein Cmr4 2073969 | 2074670
WP _010955941.1 | 1S4-like element IS1598 family transposase 199227 200384
WP _005873516.1 | threonine-phosphate decarboxylase CobD 1239071 1240078
cob(l)yrinic acid a,c-diamide
WP_005873512.1 | adenosyltransferase 1241563 1242129
WP_005873514.1 | cobyrinate a,c-diamide synthase 1242152 1243471
WP _012458603.1 | DUF6261 family protein 2060211 2061263
WP _010956459.1 | DUF6261 family protein 2063358 | 2064410
WP _010956028.1 | 1S5-like element ISPg8 family transposase 502077 503162
MULTISPECIES: histidinol phosphate
WP_005874030.1 | phosphatase 611806 612324
purine nucleoside phosphorylase I, inosine and
WP _005874035.1 | guanosine-specific 615600 616421
WP _005873715.1 | histidinol-phosphate aminotransferase 623025 623531
WP _005874530.1 | thiamine-phosphate kinase 689154 690194
WP _005873566.1 | adenosylcobinamide amidohydrolase 696973 698136
WP _004342769.1 | site-specific integrase 878721 879923
WP_004342772.1 | hypothetical protein 879930 880292
WP_014709482.1 | helix-turn-helix transcriptional regulator 881003 881272
WP _004584269.1 | ABC transporter permease 1095538 1096284
WP_005873460.1 | ATP-binding cassette domain-containing protein 1096303 1097037
T9SS C-terminal target domain-containing
WP _005873451.1 | protein 1097132 1098505
WP _004584372.1 | S4 domain-containing protein 1236875 1237327
WP _010956235.1 | adenosylcobinamide-phosphate synthase CbiB 1238047 1239057
WP_005874841.1 | PH domain-containing protein 1374934 1375389
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| WP_004342775.1 | nuclear transport factor 2 family protein | 1534837 | 1535244 |

Supplementary Table 2. Enriched gene categories in NP-DS of P. gingivalis BEVs. Enriched GO terms
in the enriched CDSs in the BEVs were statistically screened (hypergeometric distribution test, P value <
0.05). GO terms were grouped into three categories: M: Molecular functions; B: Biological processes; and

C: Cellular components.

Members in
original Members
GO id category | name genome in BEVs | Pvalue
cobalamin biosynthetic
G0:0009236 | P process 13 4 | 5.02E-05
threonine-phosphate
GO0:0048472 | F decarboxylase activity 2 2| 0.000314
maintenance of CRISPR
G0:0043571 | P repeat elements 4 2 0.00185
defense response to
G0:0051607 | P virus 5 2 0.00304
G0:0006313 | P DNA transposition 11 2 0.0157

Supplementary Table 3. Enriched gene categories in bulk-BEV sequencing of P. gingivalis. Enriched

GO terms screened in the bulk-BEV sequencing data (hypergeometric distribution test, P value < 0.05).

Members
in original | Members

GOoid category | name genome in BEVs | Pvalue

G0:0009236 | P cobalamin biosynthetic 15 10 | 1.28E-06
process

G0:0015420 | F ABC-type vitamin B12 4 4 | 0.000243
transporter activity

GO0:0043171 | P peptide catabolic process 6 4 | 0.00297

G0:0032259 | P methylation 10 5| 0.00442

G0:0042026 | P protein refolding 4 3| 0.00715

GO0:0042351 | P 'de novo' GDP-L-fucose 2 2 0.0158
biosynthetic process

GO0:0048472 | F threonine-phosphate 2 2 0.0158
decarboxylase activity

GO0:0000156 | F phosphorelay response 2 2 0.0158
regulator activity

GO0:0070009 | F serine-type aminopeptidase 2 2 0.0158
activity

GO0:0008641 | F ubiquitin-like modifier 2 2 0.0158
activating enzyme activity

G0:0022857 | F transmembrane transporter 13 5 0.0164
activity

GO0:0006541 | P glutamine metabolic process 10 4 0.0276

GO0:0009399 | P nitrogen fixation 3 2 0.0435

GO0:0009408 | P response to heat 3 2 0.0435




Supplementary Table 4. A detailed information of terminal inverted repeats (TIRs) in or adjacent to

the enriched gene clusters in PG or AF BEVs. The number of TIR corresponds to that shown in Fig. 2

or Fig. 5. Insert length indicates the length of the region flanked by each TIR.

The genomic positions of each TIR start and end sites are also shown.

Insert TIR Left Right Right

TIR | Length | length Left end start end
species cluster No. | (bp) (bp) start (bp) | (bp) (bp) (bp)
Porphyromonas | Cobalamin
gingivalis biosynthesis 1 17961 14 1230980 | 1230993 | 1248941 | 1248954
Porphyromonas | Cobalamin
gingivalis biosynthesis 2 17646 58 1231088 | 1231145 | 1248791 | 1248848
Porphyromonas | Cobalamin
gingivalis biosynthesis 3 17354 76 1231205 | 1231280 | 1248633 | 1248708
Porphyromonas | Cobalamin
gingivalis biosynthesis 4 11788 14 1236244 | 1236257 | 1248032 | 1248045
Porphyromonas | Cobalamin
gingivalis biosynthesis 5 26730 15 1236763 | 1236777 | 1263493 | 1263507
Porphyromonas | Cobalamin
gingivalis biosynthesis 6 26675 620 1237434 | 1238049 | 1264723 | 1265338
Porphyromonas | Type IlI-B
gingivalis CRISPR 1 12979 15 | 2040184 | 2040198 | 2053176 | 2053190
Porphyromonas | Type IlI-B
gingivalis CRISPR 2 15859 14 2041832 | 2041845 | 2057691 | 2057704
Porphyromonas | Type IlI-B
gingivalis CRISPR 3 15278 14 | 2053628 | 2053641 | 2068906 | 2068919
Porphyromonas | Type IlI-B
gingivalis CRISPR 4 19076 14 2060409 | 2060422 | 2079494 | 2079505
Porphyromonas | Type IlI-B
gingivalis CRISPR 5 15929 14 | 2063556 | 2063569 | 2079494 | 2079505
Alcaligenes O-antigen
faecalis biosynthesis 1 27828 14 3282151 | 3282164 | 3309979 | 3309992

Supplementary Table 5. Enriched CDSs of Alcaligenes faecalis BEVs. CDSs detected in the enriched

genomic region of Alcaligenes faecalis BEVs (P value < 0.01, binomial test). CDS regions were extracted

using Prokka and searched against the reference protein fasta file.

start end

position | position
Protein id description (bp) (bp)
WP_042487686.1 | glycolate oxidase subunit GIcF 981833 | 983053
WP _042487683.1 | hypothetical protein 983361 984668
WP _009454582.1 | zeta toxin family protein 1484000 | 1484545
WP_009454580.1 | hypothetical protein 1484541 | 1484726
WP _042480022.1 | helix-turn-helix transcriptional regulator 1484954 | 1485787
WP _042480881.1 | efflux RND transporter periplasmic adaptor subunit | 1896312 | 1897547
WP _042480884.1 | ABC transporter ATP-binding protein 1897858 | 1898649
WP _042487215.1 | 3-(3-hydroxy-phenyl)propionate transporter MhpT 2690924 | 2692165
WP _042487212.1 | hypothetical protein 2692500 | 2693114
WP_042486227.1 | chlorohydrolase family protein 2981930 | 2983414
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tripartite tricarboxylate transporter substrate-

WP_042486230.1 | binding protein 2983444 | 2984421
WP _042486802.1 | aspartate/glutamate racemase family protein 3284430 | 3285188
WP _042486928.1 | LysR substrate-binding domain-containing protein 3285492 | 3286376
WP _226791390.1 | ABC transporter permease 3288210 | 3289034
WP 042486807.1 | ABC transporter substrate-binding protein 3289037 | 3290047
WP_157766853.1 | acyltransferase family protein 3290206 | 3292086
Wzz/FepE/Etk N-terminal domain-containing
WP_054513292.1 | protein 3292644 | 3293687
exopolysaccharide biosynthesis polyprenyl
WP_042486816.1 | glycosylphosphotransferase 3293751 | 3295019
WP_042486818.1 | glycosyltransferase 3295032 | 3295835
WP_123794683.1 | hypothetical protein 3295838 | 3296524
WP _054513305.1 | 1S5 family transposase 3296656 | 3297621
WP_054513289.1 | hypothetical protein 3297683 | 3298210
WP_042486050.1 | glycosyltransferase 3298210 | 3299310
WP_080723785.1 | N-acetyl sugar amidotransferase 3299357 | 3300478
WP_042486045.1 | AglZ/HisF2 family acetamidino modification protein | 3300478 | 3301236
imidazole glycerol phosphate synthase subunit
WP_042486042.1 | HisH 3301236 | 3301850
WP_052362964.1 | lipopolysaccharide biosynthesis protein 3301850 | 3303094
WP_042486039.1 | DegT/DnrJ/EryC1/StrS family aminotransferase 3303137 | 3304228
UDP-2-acetamido-3-amino-2,3-dideoxy-D-
WP _042486036.1 | glucuronate N-acetyltransferase 3304228 | 3304815
WP _042486033.1 | Gfo/ldh/MocA family oxidoreductase 3304815 | 3305759
WP_080723784.1 | O-antigen ligase family protein 3305990 | 3307249
WP _042485889.1 | LysR substrate-binding domain-containing protein 3379553 | 3380554
WP _042485886.1 | tRNA 2-selenouridine(34) synthase MnmH 3380547 | 3381638
WP _042485881.1 | NosR/Nirl family protein 3381813 | 3384071
WP _042485877.1 | TAT-dependent nitrous-oxide reductase 3384137 | 3386038
nitrous oxide reductase family maturation protein
WP_226791393.1 | NosD 3386049 | 3387386
WP _042485874.1 | ABC transporter ATP-binding protein 3387373 | 3388281
WP _042485871.1 | ABC transporter permease 3388288 | 3389115
WP _042485868.1 | nitrous oxide reductase accessory protein NosL 3389115 | 3389627
WP _042485865.1 | FAD:protein FMN transferase 3389663 | 3390667
WP _042485861.1 | glucose-6-phosphate isomerase 3390760 | 3392328
WP_042485854.1 | LTA synthase family protein 3393190 | 3394734
WP_042485851.1 | SDR family NAD(P)-dependent oxidoreductase 3394727 | 3395497
WP_042485848.1 | glycosyltransferase 3395487 | 3396956
WP_042485845.1 | glycosyltransferase 3396975 | 3398057
WP_042485842.1 | glycosyltransferase family 4 protein 3398057 | 3399370
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Supplementary Table 6. Enriched gene categories of Alcaligenes faecalis BEVs. Enriched GO terms
in the enriched CDSs in the BEVs of Alcaligenes faecalis were statistically screened (hypergeometric
distribution test, P value < 0.05).

Members
in original | Members in
GO id category name genome BEVs P value
O antigen
G0:0009243 P biosynthetic process 9 5 9.30E-10
polysaccharide
G0:0000271 P biosynthetic process 4 4 1.44E-09
UDP-glucuronate
G0:0006065 P biosynthetic process 3 3 2.59E-07
lipopolysaccharide
G0:0009103 P biosynthetic process 15 3 0.000112
G0:0071555 P cell wall organization 46 4 0.000198
imidazoleglycerol-
phosphate synthase
G0:0000107 F activity 4 2 0.000258
histidine biosynthetic
G0:0000105 P process 14 2 0.00375
G0:0016829 F lyase activity 18 2 0.0062

Supplementary Table 7. Oligonucleotide probes used for the quantitative real-time PCR analysis.
For each target region, we used three complement oligonucleotide probes. FAM and TAMRA are the

fluorescent labels used in this analysis, respectively.

Target
| region Type name
Region1 Forward | ATGAAGAAGTGGGCGGAATAG
Region1 Reverse | GCCTTACTGCGTCCAAAGA
Region1 Probe [FAM]-TTCGATAAGCGGCGAAAGGGCTTC-[TAMRA]
Region2 Forward | AGGAAGCTGACGAAGCATAAG
Region2 Reverse | CTATCTCGGTGGCTCTCTATCA
Region2 Probe [FAM]-TCCAAGCAGAATGACGATGACGCT-[TAMRA]

Supplementary Data 1 (separate file .xIsx format). Enriched CDSs in bulk BEV-sequencing of P.
gingivalis BEVs. We screened genes whose FPKM were larger than the threshold (75 percentiles + 2*IQR
(interquartile range).

Supplementary Data 2 (separate file .xIsx format). The list of terminal inverted repeats flanking (pseudo)
transposase or site-specific integrase in the P. gingivalis W83 genome. We screened more than 9 bp of the
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repeat sequences whose insertion length is more than 500 bp. The BEV count score shows the number of
BEVs that contain the specific transposon.

Supplementary Data 3 (separate file .xIsx format). Homologous TIRs to those identified around the
enriched genomic regions in BEVs of Porphyromonas gingivalis. The homologous TIRs to No.2 and No.3
TIRs shown in Fig. 2 (cobalamin biosynthesis gene cluster) were only identified. We screened the TIRs
whose divergence score in RepeatMasker is less than 10, the length of TIR is longer than or equal to 14
bp and more than 60% of its reference TIR, and the insert length is more than 5 kb and less than 50 kbp.
Droplet counts score indicates the average number of detected droplets in the target genomic region.

Supplementary Data 4 (separate file .xIsx format). A list of all possible sources of contaminant DNA. All
the species information in GTDB and NCBI formats were based on the listed taxa in either of Salter et al.,
2014 or Poore et al., 2020 [26, 27]. The DNA fragments that were taxonomically assigned to one of the
listed accession numbers were eliminated.

Supplementary Data 5 (separate file .xIsx format). A list of genomes used for pangenome analyses of
Porphyromonas. The bacterial genomes collected from GTDB (version r214) were subject to the
completeness and contamination checks, resulting in 244 genomes that showed > 90% completeness and
< 5% contamination.
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