Genomic analysis of sewage from 101 countries
reveals global landscape of antimicrobial
resistance
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Supplementary Figure 1 Rarefaction curves of bacterial genera.
Random sub-sampling without replacement was used to count the
observed number of genera per sample at different sampling efforts. The
step size along the x-axis was the median of the number of Silva
fragments per sample, divided by a hundred, rounded to nearest integer.
Source data are provided as a Source Data file.
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Supplementary Figure 2 Rarefaction curves of ARGs. Random sub-
sampling without replacement was used to count the number of different
ARGs (90% homology-reduced) at different sampling efforts. The step
size along the x-axis was the median of the number of ARG fragments
per sample, divided by a hundred, rounded to nearest integer. Source
data are provided as a Source Data file.
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Supplementary Figure 3 ARG alpha diversity indeces separated by region. The Chaol estimated richness (left), the
Shannon diversity (middle) and Pileou’s evenness. The individual dots represent the samples and are jittered sidewars to
reduce overplotting. n=750 biologically independent samples (135, 244, 70, 30, 80, 36, 155 from left to right). For this
analysis, samples with less than 1,000 ResFinder hits were excluded and the rest were rarified to the new lowest (1,035).
The horizontal box lines represent the first quartile, the median and the third quartile. Whiskers denote the range of points
within the firrst quartile — 1.5x the interquartile range and the third quartile + 1.5x the interquartile range. Source data

are provided as a Source Data file.
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Supplementary Figure 4 Association between alpha diversity in the
resistome and bacteriome. a: Chaol richness association between bacterial
genera and ARGs. b: Shannon diversity association between bacterial genera and
ARGs. a/b: A local polynomial regression fit (loess) is drawn in with the 95%
confidence intervals shaded around it. c: Histogram of resistome/bacteriome Chaol
richness ratio. d: Histogram of resistome/bacteriome Shannon diversity ratio. Source
data are provided as a Source Data file.
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Supplementary Figure 5 Association between average measured ARG
load per country and previous prediction. Each variable is relative to the
maximum value within the variable (100%). The x-axis thus shows the predicted
proportion based on the pilot study, while the y-axis shows the actually observed
relative total ARG load. A linear regression line with 95% confidence intervals as
shade is also drawn in. Source data are provided as a Source Data file.
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Supplementary Figure 6 World-wide total AMR load through time. Total
AMR loads (FPKM) were stratified by year (2016-2018) and country and
visualized as a choropleth. Note that 2016 only had a single summer sampling

round, versus two seasons sampled in the two latter years. Source data are
provided as a Source Data file.
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Supplementary Figure 7 Heatmap of most abundant ARGs. Clustered resistome heatmap showing the relative (additive log
ratio) abundance of the 50 most abundant ARGs in the dataset. Hierarchical clustering of sample columns is based on all ARGs,
not just the visualized ones. Dark blue indicates no assigned reads in sample-ARG combination. Source data are provided as a
Source Data file.
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Supplementary Figure 8 PCA ordinations of class
separated ARG abundances. Contour density plots show
the highest density areas of samples, stratified by World Bank
region. a: Streptogramin A, b: Streptogramin B, c: Folate
pathway antagonist, d: Lincosamide, e: Amphenicol, f:
Quinolone, g: Pleuromutilin, h: Fosfomycin, i: Rifamycin, j:
Polymyxin, k: Oxazolidinone, |: Glycopeptide. See Figure 3 for
remaining drug classes and see panel b for the legend. Each
panel represent genes encoding resistance to a class of drugs
(upper left corner). Source data are provided as a Source
Data file.
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Supplementary Figure 9 Venn Diagram for Plasmid classification.
Three different plasmid classification tools were used on contigs with
ResFinder ARGs containing flanking sequence on either side. Contigs with
at least two methods suggesting plasmid origin were annotated as such.
Source data are provided as a Source Data file.
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Supplementary Figure 10 ARGs with flanks identified in the metagenomic assemblies. Height of each bar
reflect the number of times a flanked ARG was retrieved across all samples. Height of the green bar shows the

subset that was classified as plasmidic. Source data are provided as a Source Data file.
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Supplementary Figure 11 Proportion of plasmid-associated ARGs per country.
Only countries with more than 50 flanked ARGs were used for calculating shown
proportions. Source data are provided as a Source Data file.
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Supplementary Figure 12 Variation in taxonomic assignment per ARG. Heatmap
showing the (log) times an individual flanked non-plasmid ARG was found on a
metagenomic scaffold assigned to a genus. Only the intersection between ARGs assigned
to >3 taxa and taxa with >3 ARGs assigned is plotted. Source data are provided as a
Source Data file.

log(Frequency)
5

4
3
2
1
0



°
Bifidobacterium

Riemerella
L]

Iﬁeroides

\ | |
&roides

Vibrio Empedobagter

o Nissabagter
Xanth e i/ -
anmongs (] Shewariella 4

i\ il & a
g = " \\ Y

iella_a ) -
E { ]

K Rahnella

- Lactobacillus .. /

Staphylecoccus @ " erichia= N o
[} - - X

U ~H \s | ]

P
=

/ Campylobacter /

Peptoclostridi s [ | E‘\\ ‘ '\P 4 .
ept.ocostrl |umE A - Aero@onas / ELF \/ ‘:Tnonas
u =] / .Enteroﬁer 4

Y ’ X
Carnobacterium E\\ / - /
. N

S actococous o\ n

Leplél"cia Y E @ifrobaeter
a Enteroc’r sy 2 o AN\

a

o Exiguobacteriury L Pasteurella 7,
’ = concpacer | ° ]
A o Cronobacter Acinet

I &ra’xella ¢
! Sphinggbiunt - Ralstonia _ Bordetella

Listeria - U
o I | ]
|

Tabrizic%

B S‘Imonella

o
Bacillus

Clostridium
Psychrobacter
]

°
Clostridioides

Butyricimonas
Actinobacillus Gordonia Corynebacterium Cutibacterium
L]

] [ ] ] Py 5 || - [ ] m ° ] ® .
Glaesserella Glutamicibacter

Comamonas

@
[ ] [ ] | ] [ ] | ] [ ] BSireptococcus

L} . f
Pantoea Rhodococcus Piscirickettsia Providencia

Supplementary Figure 13 Gene-sharing network between bacterial genera. The ‘backbone’ algorithm was used
to compute the graph layout. Edges link ARGs to the genera which their contigs were taxonomically assigned to. Only
flanked, non-plasmidic contigs were used. Color and thickness of edges denote the nhumber of observed taxa-gene co-
occurrences. Nodes are ARGs and genera which are visualized as grey boxes and colored circles respectively. Node size
denote the centrality of the individual nodes to the overall network. Source data are provided as a Source Data file.
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Supplementary Figure 14 Gene-sharing network between bacterial genera in Sub-Saharan Africa. The
‘backbone’ algorithm was used to compute the graph layout. Edges link ARGs to the genera which their contigs were
taxonomically assigned to. Only flanked, non-plasmidic contigs from Sub-Saharan Africa were used. Color and
thickness of edges denote the number of observed taxa-gene co-occurrences. Nodes are ARGs and genera which are
visualized as grey boxes and colored circles respectively. Node size denote the centrality of the individual nodes to
the overall network. Source data are provided as a Source Data file.
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Supplementary Figure 15 ARG-Flank association strength varies drastically between ARGs.
(a) Clustering of gnrS2 gene sequences: an example of a gene with low variation and no correlation to
its 1 kb flanks. (b) Clustering of fosA gene sequences: an example of a gene with deep branches that
correlate to its flanking sequence. (c) Clustering of flanking sequences for qnrS2. (d) Clustering of
flanking sequences for fosA. The annotation bars (left-to-right) in a-d signal different genera, plasmid

status and WHO regions.

(e) Genes with high Mantel correlation to their flanking sequence (>0.8)

and low multiple-adjusted p-values (<0.05) are colored blue in the scatter plothave blue text labels.
The permutational Mantel test statistic is the proportion of times a randomly permutated dissimilarity
matrix increases the Pearson correlation coefficient to the other (static) dissimilarity matrix. P-values
were then adjusted for the false discovery rate using the Benjamini Hochberg approach. Procrustes
plots of the non-significant (red) qnrS2 and significant (blue) fosA are embedded for visualization. For
ARGs like fosA, dissimilarity matrices built on ARGs and flanks result in similar clustering and high
Procrustes correlations. Source data are provided as a Source Data file.
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Supplementary Figure 16 Sampling overview. Samples included in the study, shown as a function of sampling time (x-axis) and country of origin (y-axis). Colors
denote sample sub-project. Source data are provided in Supplementary Data 1.
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Supplementary Figure 17 Lack of systematic effect of sequencing
instrument on resulting resistome composition. Principal components
analysis was used on the centered and scaled abundance matrix (CLR) of
resistance gene clusters (90% identity) across the sample set. The 90%
covariance ellipses are drawn in for the two separate sequencing instruments.
Source data are provided as a Source Data file.
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Supplementary Figure 18 Workflow for comparison of each gene
to its flanking sequence. The analysis was carried out separately for
alleles of each identified ARG. Blue boxes are specific to the gene

seguence, orange boxes are specific to the flanking sequence and green
boxes are relevant to both.



Supplementary Notes

Plasmid classification for scaffolds

We BLAST ed scaffolds against known plasmids. Of the 5,313 contigs containing the
5,814 double-flanked ARGs, a total of 1,622 had positive PLSDB BLAST (90% query
identity and coverage) hits, corresponding to 30.5%. Using a custom plasmid-
amended Kraken2 database, we found 1,405 contigs were assigned to plasmids,
rather than chromosomes. Lastly, using the Neural Net-based PPR-Meta, 3,468
contigs corresponding to 59.6% had plasmid as their most probable source. 1,833
(34.5%) of scaffolds had no indication of plasmid origin and only 590 (11.1%) had
plasmid agreement between all three methods. 2,102 (39.6%) scaffolds had two or
more methods suggesting plasmid origin, a threshold we used for considering

scaffolds plasmidic.

ARG and flank clustering and gene synteny

Summary of the genomic localization of resistance genes, phylogeny of flanking
regions and associations to bacterial genera and geographic regions. This chapter is

a description of the results visualized in supplement 1 & 2.

tet(A) has previously been found widespread among mainly Gram-negative bacterial
species! which we also observe in our data. Most tet(A) genes as well as their flanking
regions were very similar and seemingly randomly distributed across bacterial taxa
and regions. Gene synteny analyses also suggested a in general highly conserved
flanking gene organization. Despite the limited variation of tet(A), three clusters of
gene variants were identified. Two with the same gene synteny, with the most
commonly found observed in all regions, but the rarer seemingly associated with Asia
and Africa. In three samples, all from Africa, a very different variant was observed, in
a completely different gene synteny and very different flanks.

mef(B) was, as expected, primarily associated with Escherichia coli 2, but with a few
findings in Enterococcus and Enterobacter and mostly share very similar genetic
backgrounds?. In a separate genetic context, and with a separate mef(B) gene variant,

we found it in several genera of Proteobacteria.



tet(M) was mainly associated with Enterococcus, but a few findings in other cocci and
in most sites, we observed similar genes and highly similar genetic contexts. A
separate cluster of more rare variants were found in a different gene synteny more
commonly associated with Lactococcus and the variation of tet(M) and the flanking

regions were seemingly a bit larger in samples from Africa/Asia/South America.

tet(C) genes were almost all identical. However, when looking at the flanking regions,
6-7 different clusters were identified; two were mostly associated with Pseudomonas
and were predominant in Europe and North America, and four were predominant in
other unclassified genera frequently in Asia and Africa. Gene synteny analyses
suggested a similar organization of the immediate flanking genes, whereas a cluster

specific organization was observed longer away from the tet(C) gene.

Our analyses confirm the genetic co-location of mef(A) and msr(D)3, and show
relatively large genetic variation within the genes, as well as the flanking regions, as
shown by both kmer- and gene synteny analyses. Our data suggest that this locus has
followed different evolutionary trajectories; perhaps it has been mobilized as different
variants multiple times, but also occasionally undergone gene synteny re-organization
or having other genes jumping in close to them. The two genes were primarily found
in Exiguobacterium and Lactococcus in all regions of the World and one gene and
flank variant was associated with Lactococcus mainly in Europe, while another
primarily with Exiguobacterium in Asia and Africa and 4-5 clusters among

Lactococcus, Enterococcus and Exiguobacterium in all regions of the world.

Two different genetic variants of tet(Q) were observed on two different clusters of
flanking regions and almost exclusively in Bifidobacterium, with a few instances of
Bacteroides. Gene synteny analyses showed that this difference in clustering was
caused by difference in the upstream region. Studies based on cultured bacteria have
previously identified tet(Q) in Bacteroides, Porphyromonas and Prevotella, as well as

Bifidobacterium#-S.

aph(3”)-Ib (also known as strA) was found widely distributed across multiple bacterial
genera mainly belonging to Proteobacteria and across all regions. The genes were in
most cases almost identical and the immediate flanking regions with limited variation.
A limited number of variants were observed in samples from Asia, Sub-Saharan Africa

and Middle East. aph(3”)-1b is most often found co-located with aph(6’)-Id (also known



as strB). In our study, this gene retained its flank more infrequently and showed some
gene synteny changes downstream, but a similar distribution across bacterial genera
and regions. These genes have been observed very widespread among several

bacterial species in human, animal and environmental environments’.

Inu(B) and Isa(E) are normally considered to be genetically co-located and observed
in streptococci and staphylococci®®. We exclusively assigned contigs with these genes
to Enterococcus and our data suggest the occurrence of at least four different genetic
variants localized in a varying genetic context and some regional clustering for the
different variants. Two clusters contained almost all samples from North America and
one cluster most samples from Africa and Asia, suggesting regional specific dispersal

of the variants.

tet(G) has been reported from multiple Gram-negative species!. For most of the
samples we did not get genus-specific assignment, with the majority assigned to
Gamma- and Alpha-proteobacteria. Pseudomonas, Klebsiella and Tabriziola carrying
the gene mainly formed separate clusters based on gene-variation, flanking variation

and gene synteny and also seemed to cluster regionally.

ant(6)-la (also known as aadE) has previously been detected in various Gram-positive
species and Campylobacter’®!3 and was in our study mainly associated with
Enterococcus, but in some cases also Lactococcus and Staphylococcus. A few
clusters of highly similar genes in similar backgrounds, mainly differing in the gene
synteny, were observed. Also, there was a smaller cluster with a completely different
gene synteny including tet(M), which was mostly Escherichia-assigned and exclusive

to samples from Africa, Asia and Latin America.

We also confirmed the tandem arrangement of the macrolide efflux and
phosphotransferase genes msr(E) and mph(E), respectively. We did not find multiple
variants of these genes, except for a single Belgian variant not co-located with msr(E)
and completely different neighbor genes. For a minority, some variation of the flanking
gene organization was observed. They were in our study assigned mainly to
Acinetobacter and Klebsiella. While originally discovered in Pasteurella'4, these genes

have previously been detected also in Acinetobacter and Vibrio>16,

We assigned a few of the blaaci-1 contigs to the Actinobacteria genera of
Corynebacterium and Cutibacterium, but the majority had no good classification.



blaaci-1 was originally identified in Acidaminococcus fermentans!’ and even though this
was originally suggested to have been acquired by horizontal transfer, our findings of
this gene being highly similar and observed in a similar genetic context, suggest that
in the sewage environment, it is probably stably embedded in the chromosome of an

uncharacterized Actinobacteria. The gene synteny did however, differ.

gnrS1 has a wide geographic distribution and has mainly been observed in Klebsiella,
Escherichia and Salmonella!®. In our study the gnrS1 gene was found widely
distributed in all regions, with identical genes and very similar flanking regions and
mainly in Klebsiella and a few cases assigned to Escherichia. Some variation in gene
synteny was observed and it is noteworthy that the most variation was observed

among samples from Asia and Africa.

gnrS2 has, in addition to the three species above, also be reported from Aeromonas*®
and in our data it was mainly observed on contigs assigned to Aeromonas, but also to
Klebsiella and Enterobacter in multiple cases. All genes were nearly identical, but the
flanking regions varied a lot also in gene synteny, and clustered both according to

bacterial taxonomy and region.

The mef(C)-mph(G) genes are considered tandem genes and have been found widely
distributed among marine and waste-water bacteria'®?°. In our study, five different
highly variable clusters of gene variants were observed; two mainly on contigs
assigned to Shewanella and three assigned to an undetermined
Gammaproteobacteria. A clear regional separation was observed, with the
Shewanella clusters observed in all regions. One of the other Gammaproteobacteria
clusters was predominantly in North American samples, and the last cluster was
predominantly in European samples. The variation in the flanking regions followed the
gene variants, but with much more variability. Part of this high variability was due to
differences in gene synteny. A possible explanation for the almost smooth spectrum
of variability in the flanks, could be the genes remaining within their major geographic
regions for a very long time, accumulating mutations in parallel and not outcompeting

each other, due to immobility.

The sull gene is considered an integrated part of the class 1 integrons?* and has
been found widespread in multiple Gram-negative bacterial species. Two highly similar

gene variants were observed often flanked by other resistance genes. A taxonomic



and geographical widespread occurrence was also observed in our study, but we also
observed that the flanking regions were more similar in East Asia and Pacific,

suggesting more recent, clonal dissemination.

The only tetracycline resistance gene normally considered unique to environmental
bacteria is tet(39), which has previously been identified in Acinetobacterl. We also
observed this gene mainly in Acinetobacter, with some cases in undetermined genera
and a single case of Psychrobacter. Two gene variants were observed with no
taxonomic or geographical clustering, but the flanking regions formed three clusters,
of which the most identical included all North American samples. A more variable
cluster included samples from all regions except North America, and the last cluster

almost exclusively contained Asian and African samples.

mdf(A) is a broad-spectrum antimicrobial resistance gene originally described from
Escherichia??, and in our study mainly found on contigs with conserved gene synteny
and unassigned to phyla, and various proteobacteria with Escherichia and a Klebsiella
peduovirus phage being the most frequent. Besides some outliers, six gene clusters
were observed with one cluster mainly associated with Escherichia and Klebsiella
peduovirus and found in Europe, whereas the remaining five clusters were from large

unclassified phyla, but still with some degree of regional clustering.

erm(B) has been reported from a very large range of Gram-positive and Gram-
negative bacterial species®®>. We mainly found erm(B) on contigs assigned to
Enterococcus, Lactococcus, Carnobacterium and Staphylococcus, in decreasing
frequency. Most genes were similar with a smaller deviating cluster. The flanking
regions varied, with most samples from Europe and North America being relatively
identical. The gene had much more variable flanks among Asian and African samples.
This variation seems mainly to be caused by differences in gene synteny, rather than

mutation accumulation.

While sull is linked to integrons, sul2 has mainly been reported on small plasmids?“.
In our study, many very similar or identical copies of sul2 were found in a broad range
of bacterial genera across all regions. However, when analyzing the flanking regions,
two major clusters could be identified. A cluster of very similar contigs with similar gene
synteny, predominantly from Europe and North America. This was divided into two

sub-clusters of which one was exclusively assigned to Aeromonas. Secondly, a much



more diverse cluster with more variable gene organization was predominantly found

in Asian and African samples.

blaaer-1 was originally isolated from Aeromonas hydrophila from India?®, but was in our
study manly observed among undetermined and Proteobacterial genera. In terms of
flanking regions, they had highly similar gene synteny, but formed, except for a three-
sample outgroup, two clusters: one exclusively with Asian and African members, and

another with predominantly European and North American sequences.

aac(3)-l was originally identified on a plasmid in Pseudomonas aeruginosa?®. All
flanked versions of the gene were indeed assigned to Pseudomonas and the flanking

regions were generally very similar.

Inu(D) has been described from Streptococcus uberis?’. We observed seven major
gene clusters that each had little within-cluster variability. The genes were split
between unassigned and assigned to Gammaproteobacteria or Bacilli. Among the
latter, the majority were assigned to Enterococcus, which was the most frequently
assigned genus. The flanking regions were more variable within the clusters mainly
formed by differences in gene synteny and showing some regional predominance and

taxonomic clustering.

catQ has been observed in streptococci and Clostridium?8-30, We observed this gene
on contigs with very similar gene synteny assigned to Enterococcus, Lactococcus,
Exiguobacterium and Salmonella. Again, more genetic variation was observed among
samples from Asia and Africa. Some highly similar flanking regions were exclusively
assigned to Enterococcus and observed in all regions, while more highly variable
flanking regions were assigned to the other three genera and were predominantly in
African samples. Flanks suggested multiple possible transfer events and a possible

introduction to Salmonella from Exiguobacterium.

The floR gene has been detected in multiple Gram-negative bacterial species®. In our
data, four clusters of genetic variants were discovered; one highly similar with multiple
genera and across all regions and other more variable clusters mainly associated to
Pseudomonas and predominantly in samples from Asia and Africa. A similar clustering
was observed for the flanking regions suggesting evolution of the gene within its

genetic context.



cfxA5 was cloned from the chromosome of Bacteroides distasonis, and all copies were
in our data assigned to Butyricimonas; a known human gut inhabitant of the same

order. There was no noticeable clustering of genes or flanks across the regions.

tet(O) has been observed in multiple Gram-positive bacterial species and
Campylobacter®?. We observed highly similar gene variants exclusively assigned to
Salmonella and with no regional clustering for gene or flanking regions. The
unanimous taxonomic assignment was surprising, given that it is an unusual host, not

normally associated with tet(O).

tet(S) has been described from Gram-positive cocci and Listeria and were in our data
exclusively on contigs assigned to Lactobacillales members, including Enterococcus,
Lactococcus and Streptococcus. No regional clustering was observed for gene

variants or flanking regions.

aac(3)-ld has been observed in several bacterial species belonging to
Enterobacteriaceae33-6, We found this gene mainly assigned to contigs of Escherichia
and without clustering of genes or flanking regions. The variation in the flanking

regions was seemingly not associated with differences in gene synteny.

tet(32) has previously been detected in Clostridium3?, but also recently observed in
Streptococcus pneumonia®’. All but one tet(32) were indeed discovered on
Streptococcus contigs, with the outlier belonging to the Actinobacterium genus
Cutibacterium, which was surprising. Both genes and flanking regions revealed two
separate clusters; one observed in Asia and Africa, and another spread across all
regions of the world, except South Asia. The flanking gene synteny differed between

the two clusters.

tet(B) has been described from multiple Gram-negative species®? and we also found

this gene in multiple genera, with no noteworthy clustering based on gene or flanks.

fosA has mainly been observed on plasmids in Enterobacteriaceae®. We observed
the gene on Proteobacteria contigs, most frequently belonging to Escherichia. Multiple
different low-similarity clusters and deep branches in both the gene and flank trees
were seen, where some of the major changes likely are due to changes in gene

synteny.



The cat gene was originally cloned from Proteus mirabillis®®. We found this gene
mainly in samples from Africa and Europe and mainly on Aeromonas contigs. One
Aeromonas group comprised mainly European samples, while another smaller was
exclusively from Africa. A smaller, distinct group of African cat genes on Enterococcus

and Staphylococcus contigs and different gene synteny was also observed.

Inu(C) has been detected in Streptococcus, Brachyspira and Campylobacter?340-42
and was in our study indeed mostly assigned to Streptococcus, with single instances
of Campylobacter- and Lactobacillus-assigned genes. The genes had almost identical
sequence, but varying flanking regions across all regions, mainly due to differences in

gene synteny.

ogaX was cloned from Escherichia coli*® and was by us observed mainly on Klebsiella
contigs, with fewer instances on Enterobacter and Escherichia contigs. It had variable
flanking contexts but seemingly in two main clusters, with some regional
predominance. Samples with more similar gene synteny and flanking regions also had

similar gene variants.

blatem-1 was one of the first beta-lactamases to be discovered and while originally from
a plasmid in Pseudomonas aeruginosa“#, it has been observed across multiple Gram-
negative species. We also observed this gene in multiple Proteobacteria genera and
with varying flanking regions and mainly in samples from Asia and Africa, but with no

apparent geographic clustering.

erm(F) has been observed in multiple Gram-positive species?3. We found the gene
assigned to Bacteroides and Myroides with some variation in the flanking regions
associated to differences in gene synteny, but no obvious regional clustering. The
gene variants assigned to Myroides were more similar than those assigned to
Bacteroides.

tet(X) was observed in Myroides and Bacteroides and has previously exclusively been
reported in Bacteroides®2. Two highly similar gene variants were observed located on
two much more variable flanking gene clusters with differences in gene synteny; one
mainly associated with Bacteroides in Europe, and another mainly associated with

Myroides in North America and Asia.



cmiB was cloned from Bordetella bronchispetica*® and was by us observed mainly in
Acinetobacter without obvious regional clustering. In two assemblies, the contigs were
indeed assigned to Bordetella. The observed flanking gene variation was due to

differences in gene synteny.

The ant(2”)-la gene has been detected in different Gram-negative phyla*¢-“® and was
observed by us in two major variants, based on gene variation, flanking gene variation
and gene synteny. One variant was associated with Acinetobacter and another with
Klebsiella, Pseudomonas, Aeromonas and other Gammaproteobacterial genera. No

obvious regional clustering could be observed.

aph(3’)-1ll has been described from both Campylobacter and streptococci*®-5, and
was by us observed mostly in Staphylococcus, Enterococcus and Campylobacter, with
no apparent regional clustering based on genes or flanking regions. The flanking

regions of contigs assigned to Staphylococcus did however seem more similar.

blapha-1 was originally cloned from Salmonella®?, but has also been found in other
Enterobacteriaceae®*-°°, We found it almost exclusively assigned to Enterobacter and

with very similar flanking regions, without major regional clustering.

blaoxa-10 has been found in multiple Gram-negative species®®%’. We also found this
gene associated with multiple different Gammaproteobacterial genera. The gene
sequences had very high identity, whereas the flanks were very divergent also in gene

synteny.

While originally detected on a transposon in Enterococcus faecalis®®, Inu(G) has also
been observed in Campylobacter and Staphylococcus®®. In our study, Inu(G) was
almost always assigned to Staphylococcus from North America and Europe. The
single exception was a divergent variant assigned to African Proteus mirabilis. While
the genes shared high identity, a very clear separation was observed for the flanking
regions, including differences in gene synteny with most samples from North America
forming one cluster, and those from Europe, another. The African Proteus gene variant
shared high identity with one of the European Staphylococcus variants, highlighting

the cross-phylum jump.
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