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Summary

Aeromonas salmonicida subsp. salmonicida is a fish pathogen that causes furunculosis.
Antibiotherapy used to treat furunculosis in fish has led to resistance. Virulent phages are
increasingly seen as alternatives or complementary treatments against furunculosis in
aquaculture environments. For phage therapy to be successful, it is essential to study the natural
mechanisms of phage resistance in A4. salmonicida subsp. salmonicida. Here, we generated
bacteriophage-insensitive mutants (BIMs) of A. salmonicida subsp. salmonicida, using a
myophage with broad host range, and characterized them. Phage plaques were different
depending on whether the A-layer surface array protein was expressed or not. The genome
analysis of the BIMs helped to identify mutations in genes involved in the biogenesis of
lipopolysaccharides (LPS) and on an uncharacterized gene (4S54 1998). The characterization of
the LPS profile and gene complementation assays identified LPS as a phage receptor and
confirmed the involvement of the uncharacterized protein ASA 1998 in phage infection. In
addition, we confirmed that the presence of an A-layer at the bacterial surface could act as
protection against phages. This study brings new elements into our understanding of the phage

adsorption to 4. salmonicida subsp. salmonicida cells.

Keywords: Aeromonas salmonicida subsp. salmonicida, bacteriophage, A-layer (S-layer),

bacteriophage-insensitive mutants (BIMs), lipopolysaccharides (LPS).
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Introduction

The Gram-negative bacterium Aeromonas salmonicida subsp. salmonicida is a
significant fish pathogen that causes furunculosis (Menanteau-Ledouble ef al., 2016), a disease
prevailing in the salmonid family. Furunculosis negatively affects the aquaculture industry
worldwide (Dallaire-Dufresne et al., 2014a), leading to major economic losses in this fast-
growing sector (FAO, 2018).

The type III secretion system (T3SS) and the A-layer are two main virulence factors of
A. salmonicida subsp. salmonicida (Dallaire-Dufresne et al., 2014a). The T3SS is a needle-like
structure, which allows the translocation of effector proteins from the bacterial cytoplasm to host
cell. These effector proteins then alter various cell functions including inhibition of phagocytosis
and induction of apoptosis (Vanden Bergh & Frey, 2014). The A-layer is a major surface array
protein also known as the S-layer (Doig et al., 1992). Among others, it confers resistance to
macrophage cytotoxicity and provides protection against specific immune defense (Dallaire-
Dufresne et al., 2014a).

Several plasmids that confer resistance to antibiotics have been identified in strains of
this bacterial species, thereby limiting treatment options for furunculosis outbreaks (Vincent et
al., 2014, Vincent et al., 2015, Tanaka et al., 2016, Trudel et al., 2016). Moreover, prophylactic
immunization for this pathology suffers from logistic constraints, side effects, or, in some cases,
a lack of efficiency (Larsen & Pedersen, 1997, Dallaire-Dufresne ef al., 2014a). Therefore, phage
therapy is now being explored as a possible alternative for treatment of furunculosis (Imbault,
2006, Pereira et al., 2011, Kim et al., 2015).

If properly selected, virulent phages can rapidly penetrate into their target bacteria and

lyse them promptly (Jamal et al., 2018). The initial step of the phage lytic cycle is its adsorption
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to the host receptor (Labrie et al., 2010). Lipid A of the lipopolysaccharide (LPS) was previously
identified as a receptor for the 4. salmonicida subsp. salmonicida myophage 55R-1 (Ishiguro et
al., 1983). The A-layer was also reported as a receptor for temperate myophage TP446 of
A. salmonicida (Ishiguro, 1984), indicating a diversity of phage receptors in this species.

Over a decade ago, a study reported the testing of the virulent myophage HER110 to treat
trouts with furunculosis (Imbault, 2006). After 45 days, only 10% of the fish showed mortality
or serious illness while 100% of the untreated fish were severely sick or died (Imbault, 2006).
The potential efficacy of phage therapy on A. salmonicida subsp. salmonicida was also evaluated
with infected rainbow trout. The myophage PAS-1 showed notable protective effects, revealed
by the increased survival rates of infected rainbow trouts (Kim et al., 2015).

However, treatments with bacteriophages also present complications and some disparate
effects (Torres-Barcelo, 2018). Bacteria have a wide range of phage defense mechanisms (Labrie
et al., 2010). Understanding the mechanisms that drive the emergence of phage-resistant strains
is crucial to provide a successful path to phage therapy as an alternative treatment method in
aquaculture (Samson et al., 2013, Moreirinha et al., 2018). Usually, all mechanisms rely on
protein interactions or functions, but defence against phage infections based on bacterial
secondary metabolites was also recently reported in Streptomyces (Kronheim et al., 2018).

In the case of 4. salmonicida subsp. salmonicida, mechanisms of resistance to phages by
the bacterium are still elusive. Recently, we characterized several phages infecting
A. salmonicida subsp. salmonicida including phages with broad host range such as the myophage
SW69-9 that contains no lysogeny module (Vincent et al., 2017). A good way to study these
mechanisms of resistance is to isolate bacteriophage-insensitive mutants (BIMs) for these phages

and compare their genomes with the sensitive parental wild type strain (Millen & Romero, 2016).
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In Lactobacillus delbrueckii subsp. bulgaricus, analysis of BIMs showed that the attachment and
the adsorption of the phage to the bacterial receptor was a critical step, and that it was hindered
by a change in the polysaccharide structure on their S-layer (Deng et al., 2018). Other studies
pointed to the presence of quorum-sensing-regulated phage defense mechanisms or changes in
the gene sequence of the receptor (Hossain et al., 2012, Tan et al., 2015).

In this study, we generated A. salmonicida subsp. salmonicida BIMs following infection
with the lytic phage SW69-9 and characterized their phenotypes and genotypes with the goal to
improve our knowledge on mechanisms of resistance to phages for this bacterium. This helped
to identify a potential new gene involved in the adsorption of 4. salmonicida' bacteriophages
while presenting new clues about the role of LPS and the A-layer in the regulation of

bacteriophage-bacterium interaction.
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Results

Altered lytic plaque phenotype

A. salmonicida subsp. salmonicida M15879-11 was used as a bacterial host to amplify
the newly characterized A. salmonicida lytic phage SW69-9 (Vincent et al., 2017). A spot test
of SW69-9 on the M15879-11 strain shows a turbid phenotype of the lytic plaque (Figure 1A).
In order to create mutants showing new phenotypes in regard of bacteriophage's interaction,
M15879-11 strain was grown at 25°C, a temperature known to promote genomic rearrangements
that include the loss of the T3SS locus (Daher ef al., 2011, Tanaka et al., 2017). We generated
the M15879-11-R3 (AS-R3) and M15879-11-R5 (AS-RS5) mutant strains, and noticed that those
had lost their T3SS, confirming that genomic alterations occurred (Figure S.1). We noticed that
AS-RS5 showed a clear lytic plaque phenotype (Figure 1B) in spot test assay against SW69-9,
contrary to the wild type strain and AS-R3. In addition to the lost T3SS, AS-R5 also lost its A-
layer, as was revealed by growth on brilliant blue Coomassie agar (Figure 1C). The wild-type
bacteria had a functional A-layer that absorbed the brilliant blue colorant pigment, while AS-R5
remained non-pigmented. PCR amplification was done to confirm the presence of the vapA4 gene
that encodes the A-layer protein (Figure 1D). Wild type strains (01-B526 and M15879-11) and
natural mutants (AS-R3 and AS-RS5) had positive amplification product of 1900 pb for vapA.
Only strain HER1110, which is the negative control and is known to lack a functional A-layer
(Daher et al., 2011) on brilliant blue Coomassie agar, did not possess the vapA gene.

In light of these results, we sequenced the genome of AS-R5 by Illumina MiSeq. A
mutation in the vapA gene produced a premature stop codon, leading to an ORF that encodes 87

amino acid proteins instead of the 502-residue polypeptide found in the wild-type strain. This
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explained the absence of the A-layer while the vapA4 gene is still present in AS-R5. Therefore,
the absence of the A-layer at the surface of the cell could contribute to the clear lytic plaque
observed for this strain.

To confirm the hypothesis that turbid lytic plaque is associated with the presence of a
functional A-layer, 24 strains of A. salmonicida subsp salmonicida were screened for the
presence of the vapA4 gene, the presence of an A-layer and, finally the appearance of lytic plaque
on a phage spot test assay (Table 1). Three different profiles were observed: presence of vapA
and functional A-layer leading to the turbid lytic plaque phenotype with phage SW69-9 on spot
test (11/24, e.g.: M15879-11), presence of vapA and non-functional A-layer leading to clear lytic
plaque with phage SW69-9 on spot test (8/24, e.g.: AS-R5) and finally absence of vap4 and non-
functional A-layer leading to clear lytic plaque with phage SW69-9 on spot test (5/24, e.g.:
HER1110). The presence of a functional A-layer was linked to the turbid lytic plaque phenotype
against phage SW69-9. Eleven other A. salmonicida subsp. salmonicida specific bacteriophages
from a previous study (Vincent et al., 2017) were tested and confirmed that this phenomenon is
bacterial host strain dependent (Table S.1), i.e. linked to the absence of a functional A-layer at

the surface of the bacterial strain and not linked to an effect due to the phage.

Phage adsorption assay

Lipid A, one of the major structures of the LPS, is known to be required for binding of
A. salmonicida subsp. salmonicida bacteriophages to bacterial cells (Ishiguro et al., 1983).
However, it was described in the same bacterium that more than 60% of the LPS is covered by
the A-layer (Ebanks et al., 2005). Knowing that the A-layer could act as a protection against

bacteriophages, we compared the adsorption activity of phage SW69-9 on host M15879-11 with
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a functional A-layer, compared to AS-R5 with a non-functional A-layer (Figure 2). After 5
minutes, less than 15% of the phage's population was adsorbed to the M15879-11 cells
comparatively to more than 70% with strain AS-R5. Even after 20 minutes, the adsorption of
SW69-9 to M15879-11 was limited at 43% compared to more than 90% to AS-RS. After 30
minutes, the adsorption rate of the mutated strain remained constant comparatively of the low

and variable adsorption rate for the wild type strain.

BIM generation and genomic analysis

To investigate phage-bacteria interactions in A. salmonicida subsp. salmonicida, we
isolated a set of BIMs (Table S.2) following the prolonged incubation of the mutated strain AS-
RS with phage SW69-9. Characterisation of 9 BIMs revealed a strong level of phage resistance
when compared with the parental strain even after repeated growth on plates and
freezing/thawing cycles. One of these BIMs was randomly selected (BIM93) and its genome
sequenced to shed light on the genetic determinant involved in the phage resistance phenotype.
Only one non-synonymous mutation was found in the genome of BIM93 as compared to AS-
R5. This mutation occurred in a gene, named AS4 1998 in the reference strain 4. salmonicida
subsp. salmonicida A449 (Reith et al., 2008) and codes for a 544 amino acid hypothetical protein
of unknown function. The mutation resulted in the modification of cysteine at position 219 to a
phenylalanine. Because LPS are known to act as receptor for 4. salmonicida subsp. salmonicida
bacteriophages (Ishiguro ef al., 1983), and because no mutation was detected on LPS-biogenesis
genes on BIM93, this result suggests that the adsorption of the phage was blocked or that the

resistance mechanism used by the bacteria is not at the adsorption level.
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170 The genomic DNA of 8 other BIMs were pooled and sequenced to analyse and to
171 compare their mutation profiles (Table 2). This second round of sequencing allowed detecting
172 and confirming mutations on genes involved in LPS synthesis: i.e., two heptosyltransferase
173 family proteins with mutations at different positions on these genes for all other BIMs.

174

175 Complementation assays

176 To confirm the various phage phenotypes observed above, we cloned the wild-type vapA
177 and ASA 1998 genes in plasmid pAsa7 and transformed the recombinant plasmids into BIM93.
178  The expression of a functional A-layer (vapA4) in BIM93 was confirmed on Coomassie brilliant
179 blue agar (Figure 3A and C) but it did not restore the phage sensitivity phenotype. On the other
180  hand, BIM93 expressing ASA 1998 was totally lysed by phage SW69-9, confirming its role in
181  phage infectivity (Figure 3B). Of note, the complemented strain BIM93-ASA 1998 stayed non-
182 pigmented on Coomassie brilliant blue agar (Figure 3C), suggesting no link between ASA 1998
183 and the A-layer biogenesis.

184

185  LPS profile on SDS-PAGE

186 To verify if the ASA 1998 gene was linked to LPS production, the LPS profile of various
187  strains were analyzed on 12% SDS-PAGE and revealed by silver staining (Figure 4). Wild-type
188  isolates M15879-11, AS-R5 and HER 1110 had no mutation in the LPS gene and had very similar
189  LPS profiles with several well-distributed LPS-moieties at various molecular weights. On the
190  other hand, BIM93, which has a point mutation in the AS4 1998 gene, showed an altered LPS
191  profile. The LPS profiles of all other BIMs, possessing mutations required in the LPS biogenesis

192 (Table 2), were very similar to the one of BIM93 (Figure S.2), suggesting that the
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uncharacterized ASA 1998 gene is directly or indirectly involved in LPS transportation,
structure, synthesis or anchoring. Finally, the rescue of the vapA gene leading to an over
expression of A-layer protein at the surface of the positive electro-transformant BIM93 did not
allow a return of the LPS biosynthesis. The complementation of 4S54 7998 in BIM93 led to a
partial return of LPS biosynthesis, further supporting the hypothesis that ASA 1998 plays a role

in the biosynthesis of LPS.
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199  Discussion

200 This study has shed light on the role of the A-layer during the phage-bacteria interactions
201 in A. salmonicida subsp. salmonicida. Deprived of the A-layer, the strain AS-R5 showed a clear
202  phage plaque phenotype and was used to generate stable BIMs. The characterization of these
203  BIMs led to the identification of a new gene (4S54 1998) involved in phage adsorption. The
204  function of the uncharacterized protein encoded by this gene is also associated with LPS
205  biosynthesis.

206

207  Quter proteins and LPS

208 At the cellular membrane, the expression of a functional A-layer anchored to LPS potentially
209  hides the sugar residues and makes the accessibility to the receptor, the lipid A of LPS (Ishiguro
210 et al., 1983), difficult for phages. Bacterial outer membrane proteins play a significant role in
211 virulence because they cover the major part of the cell wall and they are the first bacterial defense
212 line against the molecules and the cells of the immune system (Rollauer et al., 2015). The A-
213 layer complex is the major outer surface protein in A. salmonicida subsp. salmonicida (Ebanks
214 et al., 2005) and it 1s attached to LPS on the cell surface (Chart et al., 1984). The A-layer can
215  impart various functions to its host. It physically protects the cell against bacteriophages, as well
216  as proteases and molecules (complement) of the fish immune system (Kay & Trust, 1991).
217 Belland and Trust demonstrated in 1987 that the cultivation of Aeromonas at 30°C may lead to
218  genetic rearrangements which can result in the loss of the expression of the A-layer (Belland &
219 Trust, 1987).

220

11
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For a long time, the LPS was identified as the receptor for phage infections (Paterson,
1969). In the 80s, Ishiguro's team clarified the portion of the LPS involved in phage interaction:
lytic phage 55R-1 linked to lipid A (Ishiguro et al., 1983). Subsequently, the same team indicated
that the A-layer is a component of the receptor for temperate phage TP446, specific to

A. salmonicida strain A446 (Ishiguro, 1984).

Attached to the outer membrane, the inner core region of the LPS is composed of lipid
A, a hydrophobic membrane anchor. The structure of lipid A is strongly conserved among
different isolates of A. salmonicida subsp. salmonicida (Wang et al., 2006). Next, the hydrophilic
core-region of the LPS, bound to lipid A, is composed of an O-polysaccharide chain followed
by the highly variable polysaccharide known as the O-antigen region in the outer region of the
bacterial cell envelope. In several Gram-negative bacteria, the LPS O-antigen is one of the
essential components of the bacterial survival toolkit in hostile environments (Kalynych et al.,
2014). In A. salmonicida, the core region or the O-polysaccharide chain composition of the
smooth LPS purified is very similar and homogeneous (Chart et al., 1984) and evolutionary
conserved (Forn-Cuni et al., 2017). Only 4. salmonicida subsp. pectinolytica presents a different
outer LPS core compared to the other 4. salmonicida species (Merino & Tomas, 2016). The O-
polysaccharide chain is also strongly immunogenic and a part of this chain crosses the A-layer
surface and is exposed to the cell surface (Chart et al., 1984). Thereby, LPS is a key target for

phages with a broad host range in 4. salmonicida.

12
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244 Discovery of A. salmonicida genes regulating phages adsorption

245 Since the complementation of BIM93 with vapA4 did not restore sensitivity to phages, we
246  confirmed that the A-layer is not the receptor for 4. salmonicida phage SW69-9. Conversely, the
247  LPS and the protein expressed by gene ASA 1998 are involved in phage binding to bacterial
248 cells. It is possible that the LPS represent only a part of the receptor for myophage SW69-9, as
249  was demonstrated for several coliphages including T4 of the Myoviridae family (Mutoh et al.,
250  1978). It is possible that phage SW69-9 uses a combination of LPS and outer membrane protein
251  receptors, with the ASA 1998 protein being the potentially second element of a composite
252 receptor. However, the LPS profile of BIM93 is clearly identical to LPS migration profiles of
253 the other BIMs (Figures 4 and S.2). Since these BIMs have mutations in genes involved in
254 enzymes of the LPS biosynthesis pathway, this suggests that the 4AS4 7998 gene found mutated
255  in BIM93 may also be associated with the biosynthesis or the attachment of LPS to the cell outer-
256  membrane.

257 The mutation in the AS4 1998 gene of BIM93 is the unique non-synonymous mutation
258  comparatively to sensitive AS-RS strain. This gene encodes a hypothetical protein predicted to
259  have a signal peptide and a transmembrane domain (Figure S.3), which let suppose that a region
260  of the protein may be exposed outside the cell. The mutation resulted in the modification of
261  cysteine at position 219 to a phenylalanine. Cysteines are known to be sometime implicated in
262 the formation of disulfide bridges permitting the stabilisation of the native conformation of a
263 protein. The impact of the replacement of a cysteine by a phenylalanine (hydrophobic amino
264  acid) in ASA 1998 remains to be elucidated. Nevertheless, since it is the only mutation found in
265  BIM93, this mutation clearly has an impact that explains the inability of the SW69-9 phage to

266  infect BIM93.

13
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Phage adsorption and lytic plaque phenotype

It was previously reported that the adsorption rate of the myophage 55R-1 was slower on
the A-layer positive strain compared to A-layer negative strain (Chart ez al., 1984). Because the
LPS is not completely decorated by A-layer proteins on the cell surface, the adsorption rate is
weak but remains (Ebanks et al., 2005). Therefore, the synthesis of A-layer protein and the
synthesis of LPS may be involved in coordinate regulation (Belland & Trust, 1985) for phage
receptor availability. We showed interest in the AS-RS5 strain because phage SW69-9 formed
clear plaques compared to all those observed in the previous study which were turbid (Vincent
et al., 2017). The observation of such phage plaque differences has been made also by others in
A. salmonicida (Easwaran et al., 2017). By comparing the lytic phenotype of several strains with

or without functional A-layers, the role of the A-layer in turbid plaque seems evident.

LPS profile and BIM mechanisms

The LPS profiles on SDS-PAGE are very similar between A. salmonicida subsp.
salmonicida strain M15879-11 with a functional A-layer or not (AS-R5 and HER1110). Having
an A-layer anchored on the LPS did not seem to modify the gel migration pattern (Shaw et al.,
1986). A BIM may lose its ability to resist a phage if it is no longer exposed to it, or if the
bacterium is subcultured several times (Deng et al., 2018). As previously noted (Imbault, 2006),
BIMs generated from the A-layer positive strain did not retain the resistance phenotype over
time. Some standard assays to generate BIMs required a clear plaque phenotype (Hynes et al.,
2017). Using the AS-RS5 strain helped to obtain stable BIM that kept the resistance phenotype

over time. The hypotheses that have been proposed to explain this phenomenon are an increased

14



Molecular Microbiology Page 16 of 40

290  expression of vapA leading to an increase in the cell surface covered by the A-layer (Ebanks et
291 al., 2005) thus rendering the receptor totally inaccessible, or, a reversible epigenetic mutation by
292 colony phase variation (Van den Broek et al., 2005).

293 The BIM study and the identification of the underlying mechanisms of resistance are
294  essential in the context of phagotherapy. Among the mechanisms studied on A. salmonicida
295  subsp. salmonicida, the alteration of the intracellular protein expression levels of phage-resistant
296  mutants was observed. These proteins are associated with phage transcription or stress regulation
297  (Moreirinha et al., 2018). Here, after sequencing several BIMs and sensitive strains, we revealed
298  a role for genes involved in the biogenesis of LPS, such as the heptosyltransferase family
299  enzymes (Table 2). Indeed, this enzyme family catalyzes the addition of multiple heptose sugars
300  to form the core region of LPS. Cells deficient in Hepl, the most studied heptosyltransferase in
301  Gram-negative bacteria, display a truncated LPS on their cell surface (Cote & Taylor, 2017). In
302 the present case, the mutation clearly causes a truncated LPS (Figure 4), as demonstrated in
303  another study (Jimenez et al., 2009). By the absence of sugar residues on the LPS, the phage
304  receptor thus becomes non-functional to initiate the adsorption step. This also seems to be the
305  case when phages infect the catfish pathogen Edwardsiella ictaluri, because major modification
306  on outer membrane protein, receptor for adsorption, is a principal molecular determinant of
307  phage susceptibility in this pathogen (Hossain et al., 2012).

308 Taken altogether, virulent phages with broad host range will likely be part of phage
309  therapy including in aquaculture environments. Understanding how targeted bacteria will evolve
310  toward phage resistance is crucial for the long-term option of this alternative treatment. Genome
311 analysis of BIMs identified a novel mutation in an uncharacterized protein (ASA 1998), thereby

312 linking this host protein to phage biology.

15
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Experimental procedures

Bacteriophage amplification
A. salmonicida subsp. salmonicida M15879-11 was used as a bacterial host to amplify

phage SW69-9 as previously described (Vincent et al., 2017).

Strains and homologous recombination

A. salmonicida subsp. salmonicida M15879-11 was cultured at 25°C twice over 3 days
to initiate the homologous recombination of the plasmid pAsa5 (Daher et al., 2011) under
stressful conditions. After a week, isolated colonies were analysed by PCR to detect clones that
lost genes encoding the T3SS (Tanaka et al., 2017). Two rearranged strains derived from 4.
salmonicida subsp. salmonicida M15879-11 were used in this study, namely M15879-11-R3
(AS-R3) and M15879-11-R5 (AS-RS5). Information about other strains used in this study is

available in Table S.3.

Spot test assay, Coomassie brilliant blue agar and PCR genotyping

The phage spot test assay was previously described (Vincent et al., 2017). The phenotype
characterization of the A-layer membrane protein was done by Coomassie brilliant blue agar
using the standard protocol (Daher et al., 2011). The virulent reference strain A. salmonicida
subsp salmonicida 01-B526 (Charette et al., 2012) was used as positive control for the functional
A-layer and PCR amplification. The strain A. salmonicida subsp salmonicida HER1110 was

used as the non-functional A-layer and negative PCR control (Daher et al., 2011).

16
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335 Primers used to amplify vap4 were 5’-CAGGACATGAGCATCAGTAGTTTCC-3’ and
336 5’-CGACTAGATTCGCTCTTACAGAGTG-3’. DNA lysates and PCR mixtures were prepared
337  as previously described (Trudel et al., 2013). The PCR program was 5 min at 95°C, then
338 denaturation at 95°C for 30 s, annealing at 57°C for 30 s and extension for 2 minutes at 68°C
339 repeated 30 times with a five minutes final extension at 68°C. The PCR products were made
340  visible on 1% agarose gel containing 0.5 ug.mL! ethidium bromide. All PCR reactions were
341  performed at least twice with appropriate controls. The quick load 2-log DNA ladder (NEB) was
342 used as molecular markers.

343

344  Adsorption assay

345 Adsorption assay of phage SW69-9 was performed on the wild-type and As-RS5 strains
346  intriplicate as reported (Duplessis & Moineau, 2001). Strains were grown in 10 mL TSB (EMD,
347  Millipore, Canada) until an ODggobetween 0.6 and 0.8. The phage lysate was diluted up to 0.0001
348 and 100 pL of this dilution were added to 900 pL of the host strain in a 1.5 mL tube. In parallel,
349 anegative control, which was used to determine the initial phage titer, was done with 100 uL of
350  the phage dilution in 900 uL of TSB. Six tubes were incubated simultaneously at 18°C with
351  agitation at 200 rpm. Every 5 minutes for 30 minutes, a test tube and a control tube were
352 centrifuged and 100 pL of the supernatant were plated on soft-top agar in technical triplicate.
353  The percentage of phage adsorption was calculated as described (Duplessis & Moineau, 2001).
354

355  Generation of BIMs

356 The BIMs were generated based on Mills’ procedure (Mills et al., 2007). In summary,

357  the rearranged sensitive host AS-RS was completely lysed by soft-top agar plaque assay with a

17
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SW69-9 phage at MOI > 1. After overnight incubation at 25°C or 18°C, some phage-resistant
colonies appeared. All of the phage-resistant colonies were harvested and suspended in 10 mL
of TSB, then incubated overnight at 25°C or 18°C at 200 rpm. The next day, in fresh 10 mL
aliquots of TSB, 10% of the BIM preculture was inoculated with SW69-9 phage at a MOI of 10
and incubated overnight at 25°C or 18°C at 200 rpm. The BIM and phage culture was replicated
four times, doubling the phage MOI each time. The fourth day, serial dilutions of the BIM culture
were plated on tryptic soy agar (TSA) (EMD, Millipore, Canada) and incubated overnight at
25°C. Twenty isolated colonies were streaked on TSA and incubated overnight at 25°C, then
frozen in TSA-15% glycerol stock at -80°C. The stability of the phage resistance phenotype was
measured by phage spot test assay against an undiluted solution of SW69-9 phage, by 4 passes
on TSA in the absence of the phage, and finally, by phage spot test assay post-freezing. Only

BIMs that kept the resistance phenotype were used for the study, i.e. 9 mutants (Table S.2).

Bacterial DNA extraction, sequencing and de novo assembly

The DNA of'the A. salmonicida subsp salmonicida strains M15879-11, AS-R5 and BIMs
were extracted with a DNeasy Blood and Tissue Kit (Qiagen, Canada). Sequencing libraries were
prepared with a Nextera DNA Library Preparation Kit and sequenced on an Illumina MiSeq
apparatus at the IBIS sequencing platform (Université¢ Laval, Canada). The sequencing reads for
M15879-11 were de novo assembled using an AS-miseq version 20160825 (Coil et al., 2015).
The mutations in strain AS-R5 were found wusing snippy version 3.2-dev
(https://github.com/tseemann/snippy) while those from the mixed BIMs were found using a

combination of bwa version 0.7.17-r1188 (Li et al., 2009, Li, 2013), samtools version 1.6 (Li et

18
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380  al., 2009), freebayes version v1.1.0-54-g49413aa (Garrison, 2016) and SnpEff version 4.3p
381  (Cingolani et al., 2012).

382

383 Cloning of vapA and ASA_1998

384 The plasmid pAsa7 (Vincent et al., 2016) is a small ColE1-type replicon plasmid (~5 270
385  bp) that bears a functional resistance to chloramphenicol and is naturally found in A. salmonicida
386 subsp. salmonicida. The plasmid pAsa7 was modified by the insertion of the lac promoter and
387  terminator from the vector pGFPuv (Clontech Lab, CA, USA). Then, each gene of interest (vapA
388  or ASA 1998) (Figure S.4) was cloned between the lac promoter and terminator before
389  transformation into E. coli MC1061 (Michelsen, 1995) competent cells and selection on
390  chloramphenicol-containing LB plates. Clones with the sequenced-confirmed right insert were
391  electroporated in 4. salmonicida subsp. salmonicida BIM93 cells (Dallaire-Dufresne et al.,
392 2014b). Electro-transformants were tested for sensitivity to phage SW69-9 (spot test assay) and
393  a functional A-layer (Coomassie brilliant blue agar).

394

395 LPS extraction

396 The LPS extraction was done with a kit from Boca Scientific (USA). Briefly, 2 mL of a
397  growing bacterial culture (ODggo between 0.8 and 1.2) were collected by centrifugation before
398  continuing with the rest of manufacturer's protocol. Then, the purified LPS was suspended in
399 buffer (10 mM Tris-HCI pH 8) and treated for 30 minutes at 37°C with 20 pg mL"! of RNase A
400  (Ambion, Can) and then 30 minutes at 50°C with 2.5 pg of proteinase K (Sigma-Aldrich, Can)
401  for each 1 pg of LPS. The LPS extraction was performed at least in duplicate for each strain and

402  sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with Coomassie blue
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staining was done to ensure the absence of contaminating proteins. The absence of DNA and

RNA was also confirmed on agarose gel.

LPS characterization

The SDS-PAGE was done by Laemmli’s method in denaturizing conditions (5% B-
mercaptoethanol) (Laemmli, 1970). A mini-PROTEAN Tetra cell system (Bio-Rad, USA) was
used to migrate all LPS trials. Samples of LPS were diluted 2/3 in TEX 3X (188 mM Tris-HCl
pH 6.8, 3% SDS, 30% glycerol, 0.01% bromophenol blue) to a final concentration of TEX 1X
and boiled 5 min before it was loaded in 12% acrylamide separating gel. Gels were run for 10
min at 100 V then 45 min at 200 V. To visualize LPS, the gels were fixed for 30 min, washed 3

times during 10 min and stained over 15 min using the Silver Staining Plus Kit (Bio-Rad, USA).
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Table 1: A-layer phenotype, vapA genotype and response to phage infection of 24

A. salmonicida subsp salmonicida strains.

Strains VapA genotype® | A-layer phenotype® | Lytic capacity® | Lytic plaqued
A449 ) ) (++) Turbid
01-B522 (+) (+) (+) Turbid
01-B526 ) ) ) Turbid
HER1084 | (+) ) ) Clear
HER1085 | (-) -) (++) Clear
HER1098 | () ) (++) Clear
HER1104 | (+) ) (++) Clear
HER1107 | (+) () (++) Turbid
HER1108 | (+) ) (++) Clear
HERI110 | (-) -) (++) Clear
09-0167 ) ) (++) Turbid
5704-5 ¢) ) (++) Clear
5704-3 ) ) (+) Clear
M23067-09 | (+) ) (++) Turbid
2009-144 K3 | (+) ) ) Turbid
M15879-11 | (+) +) (++) Turbid
AS-R3 (+) (+) (++) Turbid
AS-R5 () -) (++) Clear
JF2267 ) ) +) Turbid
RS 530 () -) (++) Clear
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RS 595 ) ) (++) Clear
JF3224 ) ) (++) Turbid
JF3507 ) ) (++) Clear
AS527 () ) (++) Clear

avapA genotype: (+) the vapA gene is present on the chromosome; (-) the vapA4 gene is absent
on the chromosome confirmed by PCR analysis (see Figure 1D).

bA-layer-phenotype: (+) the A-layer protein is functionnal (-) the A-layer protein is non-
functionnal (see Figure 1C).

Lytic capacity: (++) the strain is easily lysed by a weak proportion of phage SW69-9; (+) the
strain is lysed by a medium proportion of phage, (see Material and methods section).

dLytic plaque: Clear= the background on agar is clear, transparent and clean; Turbid= the

background on agar is trouble, indefinite and dim (see Figure 1A and B).
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602  Table 2: Detection of mutations in gene of BIMs of A. salmonicida subsp salmonicida.

Locus tag® | Position | Protein function BIM93 | BIM95 | BIM96 | BIM97 | BIM98 | BIM99 | BIM100 | BIM101 | BIM102
Hypothetical
protein/sorting
domain-containing
protein

LPS

ASA_4222 149 heptosyltransferase no no no no no yes no no no
family protein
LPS
ASA_4222 404 heptosyltransferase no no no no yes no yes yes yes
family protein

LPS
heptosyltransferase |
LPS
heptosyltransferase |l

ASA_1998 656 yes no no no no no no no no

ASA_ 4220 331 no no no yes no no no no no

ASA_4220 587 no yes yes no no no no no no

603
604  a: The locus tags and annotations are given according to the curated genome sequence of 4. salmonicida subsp. salmonicida A449
605  (GenBank CP000644.1). A more complete description of the different mutations is available in Table S.4.
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606  Figure legends

607

608  Figure 1: Spot test assay, Coomassie brilliant blue agar and PCR genotyping. Serial
609  dilutions of a SW69-9 phage lysate were spotted on M15879-11 and AS-RS5 bacterial lawn. The
610  dilution 10° was zoomed to show the turbid lytic plaque of M15879-11 host comparatively to
611  the clear plaque of AS-R5 host (A and B). The Coomassie brilliant blue agar revealed that the
612  strain AS-R5 did not have functional A-layer outer proteins, because the bacteria did not absorb
613  the brilliant blue pigment as the negative control HER1110. However, M15879-11 as the positive
614  control 01-B526, absorbed the colorant, which indicates the presence of a functional A-layer
615  protein on the cell surface (C). PCR detection of vapA gene amplicon (1900 bp) from the
616  chromosome of A. salmonicida subsp. salmonicida strains revealed that the wild type strain
617  MI15879-11 and rearranged strains AS-R3 and AS-RS5 had the gene on chromosome as the
618  positive control strain 01-B526. Only the strain HER1110 did not have the vapA gene (D).

619

620  Figure 2: Adsorption of phage SW69-9 on wild type A. salmonicida subsp. salmonicida or
621  rearranged strains. The percent of adsorption of SW69-9 on M15879-11 and AS-RS5 cells was
622  determined by calculating the initial titer and the adsorption titer each 5 minutes up to 30 minutes
623  on TSA top plate agar. All experimentations were done at least in biological and technical
624  triplicate.

625

626  Figure 3: BIM-complementation. Positive electro-transformants of BIM93 were confronted to
627  phage SW69-9 to confirm the role of VapA and ASA 1998 as potential phage receptors (A and

628  B). The totality of the plaque was lysed for BIM93+ASA 1998 in comparison of BIM93 and
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629  BIM93+VapA that were still resistant. The Coomassie brilliant blue agar (C) confirmed that the
630  complementation of VapA was effective as shown by the absorption of colorant by the bacterial
631  growth.

632

633  Figure 4: LPS profile on SDS-PAGE. The LPS extractions were migrated on 12% SDS-PAGE
634  and were revealed by silver staining. The experimentation was done in biological triplicate. One
635  representative result is shown.

636
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637  Supporting information

638  Figure S.1: Loss of T3SS in AS-R3 and AS-RS.

639  Table S.1: Lytic phenotype of 12 specific 4. salmonicida bacteriophages against AS-RS.
640  Table S.2: Characteristics of BIMs of 4. salmonicida subsp salmonicida.

641  Figure S.2: LPS extraction and profile on 12% SDS-PAGE of BIMs.

642  Figure S.3: Map prediction of gene AS4 1998.

643  Table S.3: Information on 4. salmonicida subsp salmonicida strains used in this study.
644  Figure S.4: Gene sequence of vapA and ASA 1998 for cloning.

645  Table S.4: A complete description of the different mutations found in BIMs.
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Figure 1: Spot test assay, Coomassie brilliant blue agar and PCR genotyping. Serial dilutions of a SW69-9

phage lysate were spotted on M15879-11 and AS-R5 bacterial lawn. The dilution 10> was zoomed to show
the turbid lytic plaque of M15879-11 host comparatively to the clear plaque of AS-R5 host (A and B). The
Coomassie brilliant blue agar revealed that the strain AS-R5 did not have functional A-layer outer proteins,
because the bacteria did not absorb the brilliant blue pigment as the negative control HER1110. However,
M15879-11 as the positive control 01-B526, absorbed the colorant, which indicates the presence of a

functional A-layer protein on the cell surface (C). PCR detection of vapA gene amplicon (1900 bp) from the
chromosome of A. salmonicida subsp. salmonicida strains revealed that the wild type strain M15879-11 and
rearranged strains AS-R3 and AS-R5 had the gene on chromosome as the positive control strain 01-B526.

Only the strain HER1110 did not have the vapA gene (D).
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Figure 2: Adsorption of phage SW69-9 on wild type A. salmonicida subsp. salmonicida or rearranged strains.

The percent of adsorption of SW69-9 on M15879-11 and AS-R5 cells was determined by calculating the
initial titer and the adsorption titer each 5 minutes up to 30 minutes on TSA top plate agar. All
experimentations were done at least in biological and technical triplicate.
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Figure 3: BIM-complementation. Positive electro-transformants of BIM93 were confronted to phage SW69-9
to confirm the role of VapA and ASA_1998 as potential phage receptors (A and B). The totality of the plaque
was lysed for BIM93+ASA_1998 in comparison of BIM93 and BIM93+VapA that were still resistant. The
Coomassie brilliant blue agar (C) confirmed that the complementation of VapA was effective as shown by the
absorption of colorant by the bacterial growth.
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Figure 4: LPS profile on SDS-PAGE. The LPS extractions were migrated on 12% SDS-PAGE and were
revealed by silver staining. The experimentation was done in biological triplicate. One representative result
is shown.
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Figure S.1: Fourteen genes associated with the pAsa5 plasmid (including 6
genes in the TTSS locus) were amplified by PCR on AS-R3, AS-RS and
M15879-11 strains to detect the presence of rearrangements in the plasmid.
The gene tapA on the chromosome was used as a positive control.



Table S.1: Lytic phenotype of 12 specific 4. salmonicida

bacteriophages against AS-RS.

Bacterophage Lytic capacity® Lytic plaque®
3 (HERS84) Sensitive (++) Clear
31.2 (HER105) Sensitive (++) Clear
32 (HER106) Sensitive (++) Clear
44RR2.8t.2 (HER98) | Sensitive (+) Clear
51 (HER108) Sensitive (++) Clear
56 (HER109) Resistant N/A
59.1 (HER100) Resistant N/A
65.2 (HER110) Sensitive (+) Clear
Asp37 (HER99) Sensitive (+) Clear
L9-6 Sensitive (++) Clear
Riv-10 Sensitive (++) Clear
SW69-9 Sensitive (++) Clear

"Lytic capacity: Sensitive (++) the strain is easily lysed by a weak
proportion of phage; Sensitive (+) the strain is lysed by a medium
proportion of phage, Resistant, the strain cannot be lysed by the
phage (see Material and methods section).
°Lytic plaque: Clear= the background on agar is clear, transparent
and clean; Hazy= the background on agar is trouble, indefinite and
hazy; N/A= the strain is resistant, no lytic plaque was visible (see

Figure 1A and B).

Table S.2: Characteristics of BIMs of A. salmonicida subsp salmonicida analyzed in this study.

# collection BIM Full name Temp. of Phage resistant Confirmation of
incubation phenotype

BIM93 A. salmonicida AS-R5-BIM-1 25°C SW69-9 spot test, serial plating,
freezing and pcr

BIM95 A. salmonicida AS-R5-BIM-3 25°C SW69-9 spot test, serial plating,
freezing and pcr

BIM96 A. salmonicida AS-R5-BIM-4 25°C SW69-9 spot test, serial plating,
freezing and pcr

BIM97 A. salmonicida AS-R5-BIM-5 25°C SW69-9 spot test, serial plating,
freezing and pcr

BIM98 A. salmonicida AS-R5-BIM-V2- 18°C SW69-9 spot test, serial plating,
1 freezing and pcr

BIM99 A. salmonicida AS-R5-BIM-V2- 18°C SW69-9 spot test, serial plating,
2 freezing and pcr

BIM100 A. salmonicida AS-R5-BIM-V2- 18°C SW69-9 spot test, serial plating,
3 freezing and pcr

BIM101 A. salmonicida AS-R5-BIM-V2- 18°C SW69-9 spot test, serial plating,
4 freezing and pcr

BIM102 A. salmonicida AS-R5-BIM-V2- 18°C SW69-9 spot test, serial plating,
5 freezing and pcr
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Figure S.2: LPS profile of BIMs.The LPS extractions were
migrated on 12% SDS-PAGE and were revealed by silver
staining. The experimentation was done in biological triplicate.
One representative result is shown. All profiles are very similar
to BIM93. Line 1: BIM95, line 2: BIM96, line 3: BIM97, line
4: BIMO98, line 5: BIM99, line 6: BIM100, line 7: BIM101, and
line 8: BIM102.
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Figure S.3: Map prediction of the gene AS4 1998. The gene possesses a
signal peptide and a membrane region. The unique non-synonymous mutation
occurred at position 219, modifying a cysteine residue into a phenylalanine
residue (black arrow).



Table S.3: Information on 4. salmonicida subsp. salmonicida strains used in this study.

# collection [Bacteria full name Origin
Aeromonas salmonicida subsp salmonicida 01-
1 B522 Quebec, Canada
Aeromonas salmonicida subsp salmonicida 01-
2 B526 Quebec, Canada
Aeromonas salmonicida subsp salmonicida
4 HER1098 Félix D'Hérelle reference center
Aeromonas salmonicida subsp salmonicida
5 HER1110 Félix D'Hérelle reference center
Aeromonas salmonicida subsp salmonicida
6 HER1108 Félix D'Hérelle reference center
Aeromonas salmonicida subsp salmonicida
7 HER1104 Félix D'Hérelle reference center
Aeromonas salmonicida subsp salmonicida
8 HER1085 Félix D'Hérelle reference center
Aeromonas salmonicida subsp salmonicida
9 HER1084 Félix D'Hérelle reference center
Aeromonas salmonicida subsp salmonicida
10 HER1107 Félix D'Hérelle reference center
11 Aeromonas salmonicida subsp salmonicida A449 [Michael Reith, Canada
Aeromonas salmonicida subsp salmonicida 09-
17 0167 Quebec, Canada
31 Aeromonas salmonicida subsp salmonicida 5704-5 [Quebec, Canada
33 Aeromonas salmonicida subsp salmonicida 5704-3 [Quebec, Canada
Aeromonas salmonicida subsp salmonicida
37 m23067-09 Quebec, Canada
Aeromonas salmonicida subsp salmonicida 2009-
57 144 K3 New-Brunswick, Canada
Aeromonas salmonicida subsp salmonicida
69 M15879-11 Quebec, Canada
82 Aeromonas salmonicida subsp salmonicida JF2267 |Joachim Frey, Suisse
86 Aeromonas salmonicida subsp salmonicidaRS 530 [Ontario, Canada
87 Aeromonas salmonicida subsp salmonicidaRS 595 |[France
88 Aeromonas salmonicida subsp salmonicidalF3224 (Europe
89 Aeromonas salmonicida subsp salmonicida JF3507 [Europe
193 Aeromonas salmonicida A527 India
Aeromonas salmonicida subsp salmonicida
AsR-60 |M15879-11-(#69)-25-R3 Rearranged from M15879-11
Aeromonas salmonicida subsp salmonicida
AsR-62 |M15879-11-(#69)-25-R5 Rearranged from M15879-11




Figure S.4 : Gene sequence of vap4 and AS4_1998 for cloning

>vapA (1549 pb)

CTCGAGCTCGAG
ATGTTTAAGAAGACTTTGATTGCAGCTGCCATTGTGGTCGGTTCCGCTGCACCTGCGTTT
GCTGATGTCGTGATTAGCCCGAACGACAACACTTTCGTTACTACCTCCCTCGCATCTGTA
ACTAAGCAGCCGGTACTGGACTTCTCCACTGCTCAACAAAACCTGACCCTTAACTTCAGT
GAAGTTGGTGACCTTAAGAACAACGGTTTCATTGTGTTGGAAATCCAAGGTGAAGGCCAA
TTCAACGACGCGGAAATCCGTCAGTGGCTGTCCAACGGTTTCTGGCGTAGGCCGTTTACC
GGTCTGCTGGTTAACCCGAATGATCATGGTAATTTTGCCAATAGCGGTGAAGTTAATGAC
GTTCGGAAGTTCTTTAAGATTATTTCCGACGGTACCCAGCTGACCATCGTTCACACTATC
GACAGCAATGGCAAGCGTCTGCGTCTTGCTCTTGCTTCTGATGTAGAAGAGACAATCAAT
TTTGCTGATGCAGAGGTTGAGCTGAAGCTGAACTTAGCTAACCAAGCCTTTAAGCTGACC
TCCGGTTCTCAAGGTACAGTAGCTCTGACCGCAGGAGCTCTGTGGAACGCTTCTTACACT
GCTGATCCGGTTGCTACCAAGCCGCTGTTCAAACTGGGTAAGCTGTTCCAGTTGAGTTTG
ACTAACGCTGGTAAAGCTACCGCTCTGGTTTCCGAAGGTTTCTTGAAACTTAATATCGGT
GATGCGAATATTTCTGCTACTGATTTCGCGATTACCAACGTTACTACTAACCAGACCATC
CAACGTGACAAGGTTAACCTGACCCTGACTGGTGATGTTTCTGCCTTCAAGAAAGATGCC
AACGGTAACTTGGTAAACAAAGCTGGTGCTAGCATCGGTTGGAAAGCTGCTGCTGATGGT
CAATCTGCTACAGCTGTCTTGGGTGCTGGCAACATGGCCGGTGGGGTTCAAAATGCTCTG
GCTGCTTTTGGTACACTGTACGTTGCTGCAGATAACACTGTTCCGGTTCCTGCTGTTAAC
TTCAATGTTAAGGCTGAAATCCAAGGTGATAGCCAAGCTACCTATAACTACTTCAAGGAC
GAGCTGGCTGATCTCTTCATCCTCACCCGTGATGGTATGAAGTTTGACACAATTACTACT
GGTACCACTTCTGCCAACCTCATCCACATTCGTGATGTATCTAACATCCTGCCTACTGAA
GGTGGCAAGATCTTCGTAACTATCACTGAATATGCAGATCATGCTGCCAATGGTCGTGGT
GAAGGTACTGTATTGGTTACCCGTAAAGCACTGTCTGTTACCCTGCCAAGCGGTGGTGCA
GTGACTCTGAAGCCTGCTGATGTTGCTGCTGACGTTGGTGCTTCTATCACTGCTGGCCGT
CAGGCTCGCTTCCTGTTTGAAGTTGAAACCAATCAGGGTGAAGTAGCTGTTAAGAAATCC
AATGCTGAAGGCGTGGATATTCAGAATGGTACCCGCGGCACAGCACCGCTGGTAGATTTC
ACTCTGT

ATG start codon
TAA stop codon

XhoI sites: CTCGAGCTCGAG
TCTAGATCTAGA

VapA PRIMERS
F1:CTCGAGCTCGAGATGTTTAAGAAGACTTTG

R1: TTACAGAGTGAAATCTAC

Amplicon: 1533 pb



>ASA 1998 (1635 pb)

CTCGAGCTCGAGATGAAAAAGCAATTATCCAT
GCTGGCCATTCTGGTCAGCGCCAGCCTGCACGCCCAGGCGGCACAAAGCCCCTTTTTCAC
CATTGTTGACGGGTCTGACAAGGGATTCGCCAGCGCGATCAGTGCCGATGGCAACGGGCT
CGTCGGGATCAACACCAAAAACAACATGGCCGATCACTTCTCGACCGTACGTTTCGCCGA
CTTCCTGGTCGATCGTTTCCGTTTTGAGCAGGGCTGCATGCTCTCCAACTCGGTTTGCAA
CGCCTTCTGGAACGACAAGAGCAACTTTGCGTATCAGTGGCGTGTCGACTTTCTGGCCAA
AACCGATCAGCGCAGCAATGTGGGTGACCTAGTCAGCAACGAAACTGATGGTTTGGTTAC
CGCTTTGGGTGACGTAGCAGGCACTCGTGTGGGCTACAAGATGGATGGCAAACTGCGCAC
CGCATTTGCCATCGTCGAGGAAGGCAACGCCGTCAACCTCAAGGATGGCGCCAGCACCCA
CAGCCTGAGCGTGCCGACCAGCATCAAGAAACTGGACAACGGCCAGTACCTGGTGACCGG
TACTGCCGCCACCGGCAAGACCATTGCCGTCAATTCCGAGACCTACAACTGGTGCTTCGC
CGGTAACGACGGCCAGTATGGTGACTACCGCTACTGCCCGGGCCTCAACACCCAGGCCAG
CTTCTGGTTGCTCAACAGCACAGGCACCTTCAACAAGTTGATCCAGGCCAATGAGTATTC
CCGTGGCCGTAACGAAGTGATCCAGACTGCGTCTGCACTCGGGGTTGGCAACGTCAATGG
CAGCTTGTTCGGTGTGGGCTACTCCTCTACCGGTGAAATTGGCACCAACTACCTGGATGG
CCGCAACCTGGCGGCATACTGGACGCTGGATCTGGCCGGTGGCAAGGTCGGTACCACCCA
GACCATACCGCTGGCCGAAGGCGAGCCGGGCAAGGATGACGCCAAGCTGCAACACAGCTG
GGCTGTGGCGGTCAACGACAACGGTTATGTGATTGGCAACCAGCTCTATCGCATCAACAA
GGGGCAGAATCGCCCGGTCGAGATGTTCGTGTTCAACTTGAACACCAAGCAGACGGCGAG
TGTGCCGTTGCAAGACAGCCCAATCAGCGGTGCAGGCTCGGAAGCTGCCGCCATCAACAA
CCACAACATGGTCGTGGGCTGGCGTGACTCTCGTCACCAGACCCAGCCAGTGGTCAATGG
CACCAATCGCATGCAGGAAGGTTTCCTGCTCAATGCTGCAACCAGCAAAAATTGGTATCT
GAACGACCTCATCTGCGGGCTGGATGATGCCGGTGCCAAGCAGTGTGCCCAGAACGGCTA
CTACTACCACATCGCGTATGCCAGCGGCATCAGCACGGATGGTACTGTCGCTGCGACGGC
TTTTCGCTATAACAGCGAGAGCGATCTCAACAATCGTACCAATTCCACCATCGTTAGCGT
GAAGCTGACGCCAGCCGTTGCCGATTACAAGAACAACGAGCCTGCAAGCTATGTGGTTGC
GAATGCGCCGGTCAATAACCAGACTGGTCAGGATGGTGGCAGTGGTGGTGGCAGCCTGTT
CTGGTTGACTCTGCTGGCCCTGCCGTTTACCTGGCTGCGCCGTTACCAACGAT.

ATG start codon
TAA stop codon

XhoI sites: CTCGAGCTCGAG
TCTAGATCTAGA

Primers NR

Fl: CTCGAGCTCGAGATGAAAAAGCAATTATCC

R1: TTATCGTTGGTAACGGCG

Amplicon (1659 pb)



Table S.4: A complete description of the different mutations found in BIMs.

TYPE | REF ALT EVIDENCE FTYPE | NT_POS | AA_POS | EFFECT LOCUS_TAG | GENE | PRODUCT
snp |C A A:161 C:0 CDS 656/1635 | 219/544 | missense_variant c.656G>T p.Cys219Phe ASA_1998 hypothetical protein
TA:17 disruptive_inframe_deletion c.149_169delGGATCGA LPS heptosyltransferase
del TGGATCGACGAGATTATCCTGGA |TA TGGATCGACGAGATTATCCTGGA:78 CDS 149/1044 | 50/347 | CGAGATTATCCTGG p.Trp50_Asp57delinsTyr ASA_4222 family protein
CC:38 frameshift_variant c.404_425delTGGATCTG LPS heptosyltransferase
del CTGGATCTGGTGCGTCGCTTTCTC | CC CTGGATCTGGTGCGTCGCTTTCTC:94 |CDS |404/1044|135/347 | GTGCGTCGCTTTCT p.Leu135fs ASA_4222 family protein
del AGGGGGA AGGGGA | AGGGGA:23 AGGGGGA:112 CDS 331/1116 | 111/371 | frameshift_variant c.331delG p.Glu111fs ASA_4220 rfaF | LPS heptosyltransferase |l
CGCTGGCCGGAAGGGCACTACG CG:22 CGCTGGCCGGAAGGGCACTACG disruptive_inframe_deletion ¢.587_637del CGGAAGGG
CCGTGGTGGCGCAGAAGTATCTG CCGTGGTGGCGCAGAAGTATCTGGATG CACTACGCCGTGGTGGCGCAGAAGTATCTGGATGA
del GATGAGGG CG AGGG:62 CDS 587/1116 | 196/371 | GGGCTGGC p.Pro196_Trp212del ASA_4220 rfaF | LPS heptosyltransferase |l




