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Abstract: Animals throughout the metazoa selectively acquire specific symbiotic gut bacteria
from their environment that aid host fitness. Current models of colonization suggest these
bacteria use weakly specific receptors to stick to host tissues and that colonization results when
they stick in a region of the host gut that overlaps with their nutritional niche. An alternative
model is that unique receptor-ligand binding interactions provide specificity for target niches.
Here we use live imaging of individual symbiotic bacterial cells colonizing the gut of living
Drosophila melanogaster to show that Lactiplantibacillus plantarum specifically recognizes a
distinct physical niche in the host gut. We find that recognition is controlled by a colonization
island that is widely conserved in commensals and pathogens from the Lactobacillales to the
Clostridia. Our findings indicate a genetic mechanism of host specificity that is broadly
conserved.

One-Sentence Summary: Host-symbiont specificity is encoded by a conserved colonization
island that provides molecular precision to host niche access.
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Main Text:

Bacterial colonization of the animal gut assembles a microbiome that aids in digestion (/, 2),
vitamin production (3), host immune modulation (4), and prevention of pathogen invasion (5).
Colonization depends in part on the physiological demands of the bacteria, including nutrients, pH
and O, requirements, their resistance to host factors, including stomach acid, bile salts, and
immune effectors, as well as successful competition with other bacteria strains (6). The
combination of all these host and bacterial factors results in “ecological filtering,” where the set of
colonized bacteria are those that entered the gut and persisted (3, 7).

Along the length of the animal gut, there is considerable physiological variation in support of
distinct host digestive processes such as protein decomposition and lipid absorption.
Correspondingly, there is considerable spatial variation in bacterial composition along the
digestive tract, with regions such as the mouth, stomach, jejunum, and colon having distinct
compositions (§—/0). Hosts can control the localization of bacteria by providing a niche site that
sequesters and maintains specific bacteria (//—14). Bacteria also use proteins called adhesins,
which stick to host tissues and prevent washout by peristaltic flow (/5). Adhesins are
operationally defined and do not have a conserved structure; they often bind somewhat non-
specifically, based on electrostatic interactions (/5). While specific binding of terminal mannose
glycosylations in the urinary tract is known from an Enterobacterial pathogen (/6), opportunistic
pathogens are not selected over long evolutionary time for their ability to cause infections (/7),
and conserved mechanisms of host specificity are not known to regulate symbiont colonization.
However, cophylogenetic patterns of evolution between symbionts and their hosts (/8—20)
suggest these mechanisms exist. How hosts and symbionts recognize one another to maintain
site-specific colonization remains poorly understood even in the best studied models.

Genomic islands that promote host association are best studied in opportunistic pathogens,
including Streptococcus and Staphylococcus, which are lactic acid bacteria related to the
lactobacilli (2/-23). Symbiosis islands are also known from symbiotic bacteria (24) including
the Vibrio fischeri strains that colonize the light organs of squid (23, 26). These islands carry
clusters of genes that are likely involved in bacterial association with their host and often contain
adhesins (27).

Differentiating transient binding due to non-specific stickiness, as is often observed in
opportunistic pathogens, from specific adhesion by a symbiont to niche tissue is complicated
because it occurs deep inside the host gut, where other selective pressures such as nutrient
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availability act simultaneously. Live imaging studies, for instance in zebrafish larvae (28), can
directly observe bacterial cells as they migrate through the gut (29). We developed single
bacterial cell tracking in living Drosophila to differentiate between static adhesion to a precise
physical location in the gut versus transient adhesion. Drosophila melanogaster fruit flies are an
emerging model system for the gut microbiome, with a relatively low diversity of 5 to 20
species, including Firmicutes and Proteobacteria (30). Lactiplantibacillus plantarum, one of the
widest-used human and animal probiotics (37, 32), is one of the most consistently associated fly
bacteria across many studies (33-335), and it colonizes a precise, spatially-defined physical niche
in the foregut of the fly (/2). Despite over a century of work on L. plantarum, a host specific
adhesion mechanism has never been identified, and L. plantarum has been labeled nomadic (36).
Here, we investigated the physical and genetic basis for fly gut colonization specificity by L.
plantarum and found broad conservation of the necessary genes across the Firmicutes, one of the

most-host-associated bacterial phyla but for which host specificity genes are almost completely
unknown.

Lactobacillus colonizes by stably binding the niche.

L. plantarum WF (LpWF), isolated from the gut of a wild D. melanogaster colonizes the
gut with higher efficiency than related strains of L. plantarum isolated from humans, lab flies, and
silage (Fig. 1A-F, Fig. S1; (/2, 37)). To investigate the stability of colonization at the single
bacterial cell level, we directly visualized individual mCherry-expressing bacterial cells colonizing
the niche in living flies by optimizing the Bellymount video microscopy technique (38) at a focal
plane in close proximity to the inner surface of the crop (Fig. 1G-H, Fig. S2). As a control, we
imaged the weak colonizer, LpATCC8014 (Fig. 11I; Movie S1), which diffused with a median
diffusion coefficient of 0.10 pm?/s (Fig. 1J), consistent with the theoretical prediction from the
Stokes-Einstein equation (Fig. S2). L. plantarum lacks cellular machinery for motility, such as
flagella (39), so diffusive movement is expected. In LpATCC8014, cases of transient binding were
observed followed by detachment, consistent with the observed probabilistic colonization (37). In
contrast, LpWF, cells adhered to the inner surface of the crop (Fig. 1H, K, Movie S2) with a
median diffusion coefficient of 0.001 pum?/s. We observed no detachment events for LpWF. Thus,
LpWF cells colonize by static adhesion rather than transiently adhering and rebinding. We note
that this binding occurs only in the symbiotic niche tissue and not in any other part of the gut,

including the midgut (12).
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An evolutionary screen isolates mutants with loss of colonization.

To identify the bacterial genetic basis for LpWF adhesion, we first sequenced LpATCC8014
and LpWF using Illumina paired end 150 bp reads and performed de novo genome assembly.
Bioinformatic comparisons between the genomes yielded 596 unique genetic differences,
corresponding to 368 and 228 unique genes in LpATCC8014 and LpWF, respectively. Most of the
genetic differences were in uncharacterized genes (531 genes, 89%). 11% of the 596 genes were
classified by RAST (40), and these corresponded to 13 metabolic pathways, including pathways
involved in carbohydrate and nitrogen metabolism, DNA metabolism, and cell wall formation
(Table S1). None of these provided a clear hypothesis regarding the genes responsible for
colonization.

We next screened for colonization genes using an evolve and resequence approach (Fig.
1L). We reasoned that in the wild, LpWF requires the fly as a vector, imparting strong selection
pressure to maintain colonization. We used continuous growth in a rich liquid medium to eliminate
the selection pressure for attaching to the fly while maintaining selection for robust growth. After
51 passages, we observed a maintenance of growth rate (Fig. S3, Table S2) and a decrease in
colonization efficiency for all 12 replicates (Fig. 1M, Fig. S4, Table S3). Replicate 3 at passage
51 (LpWF®P31) was the weakest colonizer between biological replicates (Fig. 1M, Fig. S4). Over
the course of the evolution experiment, Lp WF®* decreased in colonization efficiency beginning at
passage 37 (Fig. 1N, Fig. S4), suggesting that a mutant with loss of function in one or more
colonization genes took over the population at this time point. Bellymount imaging revealed a
sharp decrease in gut adhesion and an increase in diffusion rate to 0.122 pm?/s for LpWF®3F31ys,

0.001um?/s for LpWF) (Fig. 10, Movie S3).

Deep sequencing of mutants identifies a colonization island.

To identify genomic changes associated with the colonization defects observed in the
evolved populations, we resequenced the evolved strains and mapped the reads to the LpWF
assembly, revealing only 11 single nucleotide polymorphisms (SNPs) with no obvious linkage to
colonization (Table S4). The LpWF Illumina assembly was highly fragmented, with 316 contigs
(Table S5). To search for structural variants, we resequenced both LpWF and LpWF®! with
PacBio HiFi long reads (Table S5), resulting in an assembly for LpWF composed of a single
circular chromosome (3.23 Mbp), plus five plasmids (Plasmid 1: 185.5 Kbp, Plasmid 2: 60.0 Kbp,
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Plasmid 3: 41.6 Kbp, Plasmid 4: 17.2 Kbp, and Plasmid 5: 15.8 Kbp) (Fig. 2A). Analysis by PCR
and read mapping to our reference genome for LpWF showed that Plasmid 1, which we named
pKG-WEF, is linear while the four remaining plasmids are circular (Fig. S5, S6, Table S6). Linear
plasmids are known from several lactic acid bacteria, including L. salivarus (41, 42), L. plantarum
(43), and L. gasseri (44) among others. In LpWF®3P! the assembly revealed a loss of a contiguous
84.5 Kbp segment in pPKG-WF (Fig. 2A). No short reads or long reads from LpWF?3"3! aligned to
this region (Fig. S7). Alignments of short reads from passage 51 of each of the 12 replicates
showed significant loss of the colonization island (Fig. S7). Loss of the island was detected by
sequencing as early as the second week of passaging in R3P51, with a negative selection
coefficient of 4% per generation (Fig. S8), consistent with the faster growth rate of the mutants
(Fig. S3).

Loss of the putative colonization island from plasmid pKG-R3P51 was confirmed by
Pulsed-Field Gel Electrophoresis (PFGE), which identified a reduction in the molecular weight of
plasmid pKG (Fig. 2B). The size of the PFGE bands is consistent with the PacBio genome
assembly, showing that the length of plasmid pKG-R3P51 is smaller than the plasmid pKG-WF
(127.8 Kbp and 185.5 Kbp, respectively) (Fig. S9). Southern blot analysis confirmed that plasmid
pKG-R3P51 is smaller in length than plasmid pKG-WF and that the colonization island is lost,
confirming our bioinformatics analysis (Fig. 2C).

Functional annotation of the putative colonization island using InterProScan(45) revealed
80 open reading frames (Fig. 2D), including two putative large adhesins belonging to the group of
Serine-Rich Repeat Proteins (SRRPs), which are known from Streptococcus, Staphylococcus, and
one lactobacillus species, yet their specific role in host association remains little-understood (23,
46,47). The two LpWF SRRPs, which we call svpA4 and srpB, are 2714 aa and 4799 aa respectively,
together making up 26.7% of the island sequence, which is large for bacterial proteins but normal
for SRRPs (Fig. 2E). The island also contained the auxiliary SRRP secretion genes called the aSec
system (Fig. 2D; (22, 23, 48-50)). The domain organization of s7pA4 and srpB includes a signal
sequence peptide at the N-terminus, an accessory Sec transport domain (AST), two serine-rich
repeat domains (SRR-1 and SRR-2, respectively), a binding region domain (BR), and an LPXTG
cell wall anchoring domain (Fig. 2E).

The colonization island is necessary for colonization

To determine the role that deletion of the island played in the LpWF?#3! colonization
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phenotypes versus the role of the 11 point mutants, we developed a Cas9-based approach to remove
the complete island by truncating the pKG plasmid in the LpWF background (Fig. S10). This
mutant, LpWF::Aisland, exhibits a ~85% reduction in colonization efficiency relative to wild-type,
indistinguishable from the LpWF®F3! mutant, indicating that the island is necessary for strong
colonization (Fig. 2F). Bellymount of LpWF::Aisland confirmed that the island is necessary for
stable attachment to the crop luminal surface (median diffusion coefficient 0.073 um?/s vs. 0.0010
um?/s for LpWF), (Fig. 2G, Movie S4).

Instability of the island during 51 days of evolution appeared to arise from many repeated
insertion sequences (ISs), which are small transposable elements, classified into six different
families (IS30, IS1595, 1S982, ISL3, IS5, and IS1182). We predicted recombination sites in the
island and visualized them on a dot plot (Fig. S11). Based on the position of the ISs, we divided
the colonization island into 13 different blocks of genes flanked by ISs (I-XIII), yielding 16
putative recombination sites, most of them situated between blocks II to VIII (Fig. S11).

To identify mutants with partial deletions of the island, we used qPCR directed at specific
IS blocks to screen the early timepoints in the evolution experiment when the populations were
heterogeneous (Fig. S12; Table S7). We isolated two main genotypes, which we further confirmed
using long-read sequencing (Fig. S13): i) mutant D11 had deletions of blocks III — XIII, which
includes secA2 and carries the same colonization defects as LpWF::Aisland, indicating secA2 is
necessary for function of the island (Fig. S14, Movie S5). ii) Mutant F9 had deletions of blocks II
- 1V, including srpB. F9 retained srpA and the secA2 secretion machinery. Accordingly, F9
colonized a greater proportion of flies than LpWF::Aisland or D11, indicating that one SRRP and
the aSec system are sufficient for colonization. F9 exhibited spatial specificity for the crop but not

the proventriculus (Fig S14, Movie S6), suggesting spatial specificity of the two SRRPs.

The colonization island is necessary for colonization specificity in other L. plantarum strains

The colonization island is not present in short read genomes for the technical reason that
extensive sequence repeats in the SRRPs and ISs cause fragmented assemblies with very short
contigs. To directly assess the prevalence of the colonization island in other L. plantarum strains
without assembly, we downloaded the raw reads for NCBI genomes from SRA and aligned them
to the LpWF island. We first constructed a WGS database with 1,247 raw read data sets sequenced
by [llumina (96.1%), PacBio (2.4%), Oxford Nanopore (0.89%), and other long read technologies
(0.61%) (Table S8). Next, we mapped the reads against the nucleotide sequence of the island. We
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identified two L. plantarum strains, named LpDm13 and LpDm48, which were isolated from wild
D. melanogaster flies collected in Ithaca, NY and generously shared by the authors (McMullen et
al., 2021) (Fig. S15). We confirmed the presence of the colonization islands by long-read
sequencing. The LpDm 13 and LpDm48 islands are each a comparable size to LpWF'’s island (97.3
Kbp and 113.8 Kbp, respectively) and within a linear plasmid (Fig. S16). The island in LpDm13
consists of 79 ORFs, while LpDm48's island comprises 108 ORFs. Both islands harbor two SRRP
alleles (SrpA= 513 kD and SrpB= 442 kD for LpDm13; and SrpA=352 kD and SrpB= 493 kD for
LpDm48) and a corresponding aSec secretion system, with numerous adjacent ISs.

LpDm13 and LpDm48 both colonized nearly 100% of flies when inoculated at a low dose
(Fig. 2F) with stable populations averaging ~20,000-50,000 CFUs inside the fly gut, consistent
with LpWF (Fig. S17), and showed similar spatial localization (Fig. S18) and diffusion (Fig. 2H,
2J, Movies S7, S8). We next constructed mutants in LpDm 13 and LpDm48 with a knockout of the
complete island. These mutants exhibited an acute colonization deficiency (Fig. 2F; S17, S18) and
adhesion deficiency by Bellymount (Fig. 21, 2K, Movies S9, S10) compared to the corresponding
wildtype strains. Although the LpDm48::4island mutant lost its capacity to colonize, it retained its
ability to form aggregates, indicating the aggregation trait is not encoded on the island, as
suggested for some other SRRP studies (46). Overall, our results indicate a conserved colonization

specificity island within L. plantarum.

The colonization island is conserved across the Firmicutes

SRRPs with aSec systems were previously known from just three genera, all within the
Lactobacillales (46). To explore conservation of the colonization island across other bacterial
genera, we first used BLASTP to search for the complete aSec system in the
Pathosystems Resource Integration Center (PATRIC) database of bacterial genomes, focused on
human bacteria (57). Most bacterial genome assemblies were highly fragmented due to repeat
elements, which were also abundant in the LpWF colonization island. As a conservative approach
to identify homologous colonization islands, we excluded BLAST hits where the aSec genes were
not in a semicontiguous block because some aSec genes have homologs in the genome (23). We
first considered cases with at least one complete SRRP gene with the aSec block. Due to the lack
of amino acid sequence conservation in SRRP genes, we used a hidden Markov model based search
to detect these (Supplemental Methods). Despite the preponderance of highly fragmented genome

assemblies, we discovered the complete colonization island in 207 bacterial genomes spanning the
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entire Firmicutes phylum, including 134 Lactobacillales and 25 Clostridia, as well as in three
Actinomycetes and one e-Proteobacterium (Fig 3A, S19, Table S9). We found the aSec system
with a non-SRRP, large adhesin in an additional 42 genomes, including 7 Clostridia and 1 y-
Proteobacterium (Fig. S19). While there was broad synteny of the aSec genes across the phylogeny
(Fig. 3A), there were stark differences in the adhesins, consistent with these being host-specific.
To investigate the conservation of the SRRPs, we constructed a similarity network based
on structural motifs in the binding regions, revealing 15 clusters and 2 singletons (Fig. 3B, S20).
We simulated their structures using RosettaFold. Three of these clusters, including the LpWF
cluster, contain a beta-solenoid motif, which was present in genera including Enterococcus,
Fructilactibacillus, Lactobacillus, Lactoplantibacillus, Leuconostoc and Weisella. Another
structural motif was a chain of immunoglobulin-like domains, which was present in genera
including Oenococcus, Pediococcus, and Staphylococcus, as well as in combination with the beta-
solenoid domain in the LpWF cluster. Additional unique binding regions were present in the
Clostridiales, including in Dorea and Pseudoramibacter. We analyzed the conservation of amino
acids within each of the three largest clusters of binding regions (Clusters 1 — 3 in Fig. 3B) and
found a strong signature of positive selection (Fig. S21), consistent with the role of these proteins
in host specificity. Non-synonymous nucleotide changes were concentrated in the beta-solenoid
motifs of Clusters 1 and 3 and in the first immunoglobulin-like domain of Cluster 2 (Fig. S21).
Based on the conservation of this genomic region, we defined the minimum colonization
island gene set, composed of seven core genes with at least one s7p, the tandem transporters
secA2/secY?2, the glycosyltransferase gtf4, and three accessory secretory protein genes: asp!, asp2,
and asp3. The order of the genes was conserved at the genus level, but differed between some
families, suggesting rearrangements within the island on longer evolutionary timescales (Fig. 3A).
To assess whether the island is predominantly passed between strains by vertical transfer
or horizontal gene transfer, we performed co-phylogenetic analysis. Vertical transfer would
produce parallel phylogenies for the core genome and the colonization island genes whereas
horizontal transfers of the island would produce discrepancies (52). We first reconstructed the
phylogeny of the host species using the core genome, which was composed of 81 orthologous
proteins (Table S10), and the island using the six conserved aSec proteins (Fig. S22). We then
compared the two phylogenies for each well-resolved clade using a cutoff bootstrap value of > 70,
and estimated the Patristic distance (53, 54). The branching pattern of the aSec phylogeny overall
matched the genome phylogeny (Fig. S22; mean ParaFit Global index: 0.021, p-value < 0.05),
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indicating that the colonization island was likely present in the ancestor of the Firmicutes, a largely
host-associated phylum. Some cases of horizontal gene transfer were apparent, such as the
acquisition of the island by the gram negative Campylobacter coli from the gram positive

Staphylococcus epidermidis, indicating spread of the island beyond the Firmicutes.

Conclusions

Our study identified a mechanism of symbiont gut colonization through specific binding
of a physical niche tissue, deep within the gut. The ability to directly observe the colonization
process at the single bacterial cell level allows a clear differentiation between a dynamically stable
population that transiently binds the gut wall and maintains itself by growing faster than it is shed
versus a population that is statically adhered to the gut wall. The genes for static attachment that
we identified have likely gone undiscovered across the Firmicutes for two primary reasons. First,
significant loss of the colonization genes occurred in just two weeks of culture in rich media (Fig.
S8), indicating strong selection against the colonization genes when grown in lab conditions
outside the natural host. The slower growth of the wildtype strain versus the mutants (Fig. S3) may
stem from the large size of the SRRPs (nearly 500 kD for SrpB) and considerable energy required
to produce them. Second, the serine-rich repeats and other repetitive sequences cause fragmented
genome assemblies when sequenced with the predominant short-read sequencing technologies.
The study of wild strains using current long read technologies can overcome these two obstacles.

The genes for this specificity include the aSec system, which was known for secretion of
virulence factors in Streptococcus and Staphylococcus species that are predominantly
opportunistic pathogens (23). The evolutionary selection for molecules that lead opportunistic
pathogens to cross an epithelial barrier and cause a systemic infection are different from the long
term selective pressures that maintain them as non-pathogenic commensals because the
opportunistic infections are typically not transmitted as such (/7). Rather, they arise anew in each
case, for instance in immunocompromised individuals. Such opportunistic infections therefore
lack long term evolutionary pressures to refine their targeting of e.g. host blood cells (76).
Symbiotic bacteria on the other hand must reach a host niche without becoming stuck in low
quality habitat elsewhere in the digestive tract. To colonize a new host, a symbiont is thus selected
for its ability to selectively colonize the symbiotic niche and not stick to other lower quality sites

in the host (117, 55)
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For commensals, receptor-ligand binding interactions provide a mechanism that hones

specificity, which can help commensals locate their correct niche without becoming entrapped in

undesirable locations in the rest of the gut, allowing the establishment of colonization with very

few initial inoculants (37). The conservation of these genes into the Clostridia and even

Proteobacteria suggests a mechanism by which the observed patterns in strain engraftment may

occur (56).
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Figure 1. Live imaging of bacterial cells in the Drosophila gut shows that Lactiplantibacillus
plantarum WF (LpWF) attaches specifically to a physical niche in the host foregut. (A, B)
Schematics showing the anatomy of the fruit fly gut in the fly (A) and dissected (B), with the
symbiotic niche highlighted in red. (C) Confocal micrograph of a proventriculus colonized by
mCherry-labeled LpWF. (D) Proventriculus colonized by mCherry-labeled LpATCC8014. (E)
Crop colonized by mCherry-labeled LpWF. (F) Crop colonized by mCherry-labeled
LpATCCS8014. Red: mCherry fluorescence. Note that LpWF is a colonizer and LpATCC8014 is
not. (G) Schematic and photos showing the Bellymount apparatus for live imaging. (H) X-Z (top),
X-Y (middle) and X-Y-time-series (bottom) images of LpWF by Bellymount. (I) X-Y-time-series
and particle tracking of LpATCC8014. (J) Histogram of coefficients of diffusion for individual
LpATCC8014 and (K) LpWF cells, n=500 tracks each from 5 biological replicates. (L) Schematic
describing the experimental evolution screen. (M) Percentage of flies colonized by replicate 3
evolved mutants over time, n > 72 individual flies from 3 biological replicates per strain. (N)
Percent of flies colonized by evolved strains diminishes with passage number, n > 72 individual
flies from 3 biological replicates per timepoint. (O) Histogram of coefficients of diffusion for
LpWFRP1 n=500 tracks from 5 biological replicates.

16



10

Colonization Island B (]

Plasmid 1 (pKG) > >
‘ — —— & & & &
' | & & & &
B e T L o et & <At 185 Kbp > .
! ”‘SOI‘(ISp‘ 1‘00|‘<bp‘ ' ‘18‘0‘Kbp
S 127 Kbp 1 -
60Kbp .
41Kbp
17 Kop -~
Plasmid 3 Plasmid4 Plasmid 5 Plasmids Colonization
- WF BN R3P51 A Colonization island [ Lost of the island probes island probes
aSec Secretion system E SrpA
| \ Bindin, jion [Isignal peptide
‘{‘y‘w H / h A L[‘ | | 5 I h H i 166 271 Masec transport domain
w/,'e i " ““F \F T i \ il B serine-rich repeat domain
gyl secA2 aspl aspd 1Kbp SrpB [ICell Wall Sorting Signal
[l Insertion sequences M Uncharacterized genes W parAgene [7] Other accessory genes ] Binding Region
129 1219 4799
F . H | o J K e
100 - LpWF::Aisland LpDm13 LpDm13::Aisland LpDm48 LpDm48::Aisland
%7 1 1 30, 1 % 1 1
z > > e > v > >
5 5 g g o g 0 * g )
S ] ] ] ] o
2 25 | 3 3 " 3 a0l P 3 3
0\‘z ~ S s 5 E g oum 30 g Topm 30 g g
RO
&& T‘g’b‘\ fg’b‘\ *g'b‘\ 0 oMl . gl 0
oW 00 01 02 03 00 01 02 03 00 01 02 03 00 01 02 03
W wr om13 MDm4s D(pm?s) D(pm?s) D(pm?%s) D(pm?s)

Fig. 2. A colonization island containing serine-rich repeat proteins drives L. plantarum
adhesion to the gut. (A) Long read sequencing of LpWF and the experimentally-evolved
mutants indicates a colonization island. (B) PFGE and Southern blotting of plasmid partition
genes shows a reduction in length of the linear pKG plasmid that contains the colonization island
and (C) loss of the colonization island using probes for the island-specific genes srpA and srpB.
(D) Map of the island with functional annotations. See Fig. S11B for additional annotations. (E)
SRRP protein schematics. (F) Colonization is lost when the island is deleted in 3 separate L.
plantarum isolates from wild D. melanogaster. Live fly, single bacterial cell diffusion coefficient
histograms for (G) LpWF'::Aisland, (H) LpDm1i3, (1) LpDm13::Aisland, (J) LpDm48, and (K)
LpDmA48::Aisland.
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Fig. 3. The colonization island is widely conserved in host-associated bacteria. (A) Core
genome phylogeny of 36 species and maps of their corresponding colonization islands. (B)
Clustering analysis of the binding regions of diverse bacterial colonization islands and
representative predicted structures for each of the clusters. See Fig. S20 for complete results.
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