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Abstract

Background. Pseudomonas aeruginosa is a leading cause of opportunistic and healthcare-
associated infections and is listed by the World Health Organization among the pathogens for
which new therapeutic options are most urgently needed. Lytic bacteriophages are one of the
few alternatives that can be deployed rapidly and at low cost, but phage collections and phage
genome sequences remain very unevenly distributed geographically, and West Africa is
particularly under-represented. Wastewater, which combines high bacterial densities with
continuous inputs of faecal, hospital and industrial effluent, is the most productive
environment for recovering phages that are locally adapted to circulating clinical strains. We
therefore set out to isolate lytic phages active against clinical P. aeruginosa isolates from
wastewater in Bobo-Dioulasso, Burkina Faso, and to characterize their genomes.

Results. Twenty-eight lytic phages were isolated from five wastewater sites using six P.
aeruginosa host strains, and screened against a panel of eleven clinical and reference strains.
Hostranges were broad: eleven isolates lysed at least ten of the eleven strains and three lysed
all eleven, while only two isolates were restricted to four strains. Five phages were selected
for whole-genome sequencing and three yielded complete, high-quality assemblies. All three
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belong to the class Caudoviricetes. vB_PaeM_CMO0001 (57,614 bp; 63.5% GC; 88 CDSs) is a
member of the family Mesyanzhinovviridae, subfamily Bradleyvirinae, genus Abidjanvirus.
vB_PaeP_CM0002 (43,491 bp) and vB_PaeP_CM0003 (43,177 bp), each encoding 65 CDSs
with 62.3-62.6% GC, belong to the family Autographiviridae, subfamily Krylovirinae, genus
Phikmyvirus. Intergenomic similarities indicate that vB_PaeM_CMO0001 is a new isolate of an
existing Abidjanvirus species, whereas vB_PaeP_CM0002 and vB_PaeP_CM0003 represent
two new Phikmvvirus species. The two Phikmvvirus genomes share 91.9% nucleotide identity
and 62 orthogroups and are fully collinear with each other and with their closest relatives;
their divergence is confined to nucleotide substitution and to a single 2.0 kb region spanning
the tail fibre locus. vB_PaeM_CMO0001 shares no detectable orthogroups with them.

Conclusions. These three genomes are the first P. aeruginosa phage genomes reported from
Burkina Faso. Two of them represent new species. Their broad host ranges, strictly lytic gene
repertoires and absence of resistance determinants make them credible starting points for a
national phage bank and for future therapeutic evaluation.

Keywords: bacteriophage; Pseudomonas aeruginosa; wastewater; comparative genomics;
phage therapy; antimicrobial resistance; Burkina Faso

Background

Antimicrobial resistance (AMR) is one of the major public-health problems of the century[1]
. Bacterial AMR was associated with an estimated 4.95 million deaths worldwide in 2019, of
which 1.27 million were directly attributable to resistance [2] . In its 2024 Bacterial Priority
Pathogens List, the World Health Organization (WHO) again identified carbapenem-resistant
Pseudomonas aeruginosa as a high-priority target for research and development|[3].

P. aeruginosa is a non-fermenting Gram-negative bacillus that is ubiquitous in soil, water,
plants and built environments, and a formidable opportunistic pathogen responsible for
respiratory, urinary, wound, bloodstream and device-associated infections[4] . Its clinical
success rests , among other factors, on its ability to colonize surfaces and form biofilms[5], as
well as on a combination of intrinsic, acquired and adaptive resistance mechanisms, low
outer-membrane permeability, multidrug efflux pumps, antibiotic-inactivating enzymes and
horizontal acquisition of resistance genes[6]. In Burkina Faso, P. aeruginosa resistance to
several antibiotics used in clinical practice, including cefepime, ceftazidime, and
ticarcillin/clavulanic acid, has been identified through passive surveillance[7].

Bacteriophage therapy has attracted renewed attention[1] because antibiotic development
is slow, costly and increasingly unable to keep pace with resistance. Phages are viruses that
infect and lyse bacteria with high host specificity, so that treatment spares the commensal
microbiota, and they can be produced locally at modest cost [9] . Advances in sequencing and
in phage genome annotation now make it feasible to screen candidate phages for the
properties required of a therapeutic agent, a strictly lytic lifestyle, absence of integrases, and
absence of virulence or antimicrobial resistance genes, before any in vivo evaluation[10].



The present work has two main motivations. First, the effectiveness of phage therapy
depends heavily on the phage bank available. Since the host range is strain-dependent,
collections assembled elsewhere may perform poorly against locally circulating isolates,
providing a rationale for current efforts to build regional phage banks in Africa [11]. Second,
the phage genomes available in public databases come overwhelmingly from a small number
of countries, so that sampling under-represented regions is also a direct contribution to viral
diversity and to phage taxonomy. Wastewater is the environment of choice for such sampling,
as it concentrates both hosts and their phages [12] .

Here, we report the isolation of 28 lytic P. aeruginosa phages from five wastewater sites in
Bobo-Dioulasso, western Burkina Faso, the characterization of their host ranges against
clinical isolates, and the complete genome sequences, comparative genomic and proteomic
analyses, taxonomic placement and in silico safety assessment of three of them. To our
knowledge these are the first P. aeruginosa phage genomes reported from Burkina Faso.

Results

Bacterial hosts and their antibiotic susceptibility profiles

Eleven P. aeruginosa strains were used in this study: ten clinical isolates recovered from urine
samples at the Clinical Bacteriology Laboratory of Centre MURAZ, and the reference strain
ATCC 27853. Disk-diffusion testing showed a homogeneous phenotype across the panel
(Table 1). All eleven strains were susceptible to meropenem, and all were categorized as
intermediate (“susceptible, increased exposure”) to piperacillin/tazobactam, ceftazidime,
cefepime, aztreonam and levofloxacin. Three clinical isolates (PA_CM22, PA_CM24 and
PA_CM30) were additionally resistant to ticarcillin and piperacillin, a profile consistent with
penicillinase production. All strains remained below the usual threshold for multidrug
resistance.

Six of these strains, five clinical isolates and ATCC 27853, were used as hosts for phage
enrichment and isolation, and the full panel of eleven was used for host-range determination.

Isolation of lytic phages from wastewater

Wastewater was sampled at five sites in Bobo-Dioulasso: the Souro Sanou University
Hospital (SSUH), a wastewater discharge station (WDS), the municipal sewage treatment
plant (STP), the Houet River backwater (HR) and the Dogona slaughterhouse (SGH)
(Additional file 1: Fig. S1). Lytic phages were recovered from all five sites, on every host strain
tested, as clear lysis zones on double-layer LB agar (Additional file 1: Fig. S2). Two host
strains, PA_CM22 and PA_CM25, were lysed by phages from all five sites, whereas PA_CM26
was lysed by phages from only two (Table 2).

After three rounds of single-plaque purification, 28 distinct lytic phage isolates were
obtained. Plaques fell into two visually distinct size classes (Additional file 1: Fig. S3); large
plaques predominated (16/28, 57.1%) over small ones (12/28, 42.9%) (Additional file 1:
Table S1).



Host range

The 28 purified isolates were spotted on lawns of the eleven P. aeruginosa strains (Additional
file 1: Fig. S4). Lysis patterns defined 17 distinct host-range profiles (Additional file 1: Table
S2). Host ranges were generally broad: 22 isolates (78.6%) lysed at least eight of the eleven
strains (272.7%), 11 isolates (39.3%) lysed at least ten strains (290.9%), and three isolates
(PA_BD_S06,PA_BD_S11 and PA_BD_S12, all sharing profile 1) lysed all eleven (100%). At the
other extreme, two isolates (PA_BD_S20a and PA_BD_S21b) lysed only four strains (36.4%).

Five isolates were selected for whole-genome sequencing on the basis of their host-range
profiles and plaque phenotypes: PA_BD_S01 and PA_BD_S03 (both profile 2), PA_BD_S12
(profile 1), PA_BD_S21 (profile 9) and PA_BD_S29b (profile 7).

Genome sequencing and assembly outcome

The DNA yields from the five selected isolates, measured by fluorometric assay, were 5.92,
85.0, 1.25, 13.18 and 11.4 ng/uL for PA_BD_S01, PA_BD_S03, PA_BD_S12, PA_BD_S21 and
PA_BD_S29b, respectively.

Three of the five libraries produced complete, high-quality assemblies. These correspond to
the phages designated vB_PaeM_CM0001, vB_PaeP_CMO000Z2 and vB_PaeP_CMO0003,
corresponding respectively to PA_BD_S03, PA_BD_S12 and PA_BD_S29b (Table 3). These
three are the subject of all analyses below. The two remaining datasets, from PA_BD_S01 and
PA_BD_S21, were excluded: one yielded a single contig of less than 5 kb, compatible with co-
purified host plasmid DNA rather than a phage genome, and the other produced a highly
fragmented assembly with a CheckV completeness below 25%.

General features of the three genomes

The three genomes differ substantially in size and gene content and fall into two groups
(Table 3, Fig. 1). vB_PaeM_CMO0001 (GenBank PZ231876) is 57,614 bp long with 63.54% GC
and 88 predicted CDSs over a coding density of 94.5%. vB_PaeP_CM0002 (PZ365779) and
vB_PaeP_CMO0003 (PZ365800) are 43,491 bp and 43,177 bp long, with 62.63% and 62.25%
GC respectively, and each encodes 65 CDSs at coding densities of 95.6% and 96.2%.
vB_PaeM_CMO0001 is therefore 14,123 bp and 14,437 bp longer than vB_PaeP_CM0002 and
vB_PaeP_CMO0003 respectively. The three genomes contained no predicted tRNA genes.

vB_PaeP_CM0002 and vB_PaeP_CMO0003 are closely related to each other. They differ in
length by only 314 bp, encode the same number of CDSs, share 91.9% genome-wide
nucleotide identity (Fig. 3) and share 62 orthogroups, corresponding to approximately 95%
of their proteomes (Fig. 6). vB_PaeM_CMO0001, in contrast, shares no orthogroup with either
of them (Fig. 6) and intergenomic similarity with them is negligible (0.1% and 0.2%; Fig. 3).

The lifestyle prediction classified all three phages as strictly virulent, with confidence scores
0f 97.33% (vB_PaeM_CM0001), 99.97% (vB_PaeP_CM0002) and 99.99% (vB_PaeP_CMO0003)
(Table 3).



Functional annotation

The coding sequences were annotated by a three-stage consensus approach (see Methods).
Across the three genomes, PHROG assigned 13, 18 and 16 products in vB_PaeM_CM0001,
vB_PaeP_CM0002 and vB_PaeP_CM0003 respectively, Phold assigned a further 46, 15 and 17,
and blastp against viral RefSeq assigned 3, 0 and 0. A putative function could therefore be
assigned to 62 of the 88 CDSs of vB_PaeM_CMO0001 (70.5%), to 33 of the 65 CDSs of
vB_PaeP_CM0002 (50.8%) and to 34 of the 65 CDSs of vB_PaeP_CM0003 (52.3%), leaving 26,
32 and 31 proteins of unknown function respectively (Fig. 2). The annotation source and
functional category of every CDS are given in Additional file 2 (Table S7).

Each CDS was assigned to one of eleven functional categories on the basis of its final product
name (Table 4), the same scheme used to colour the genome maps in Fig. 1. In
vB_PaeM_CMO0001 the largest annotated categories are tail assembly and other/auxiliary
functions (14 CDSs, 15.9% each), followed by DNA metabolism (11 CDSs, 12.5%) and DNA
replication and repair (8 CDSs, 9.1%). The two Phikmvvirus genomes share an almost
identical profile, dominated by DNA replication and repair (8 and 9 CDSs, 12.3% and 13.8%),
with equal numbers of CDSs in head and capsid assembly (5 each, 7.7%) and baseplate and
host recognition (5 each, 7.7%), and three CDSs each in DNA injection and in host lysis. The
expanded DNA metabolism repertoire in vB_PaeM_CM0001, including three ribonucleotide
reductase subunits, thymidylate synthase, dCMP deaminase, and 5-hmdU DNA Kkinase,
distinguishes the two families and is consistent with the larger genome size of
vB_PaeM_CMO0001.

The annotated products of the three genomes contained no integrase, excisionase,
recombinase, or lysogenic transcriptional repressor.

Comparative genomics with the closest available relatives

For each isolate, the five most similar genomes in GenBank were retrieved and ranked by a
combined identity x coverage score (Additional file 1: Table S3). All fifteen reference
genomes shared more than 96% nucleotide identity over at least 93% of the query length,
and differed in length from the corresponding isolate by roughly 1 kb or less.

VIRIDIC intergenomic similarities (Fig. 3) placed vB_PaeM_CMO0001 at 90.7-96.3% similarity
to its closest relatives, within the same species cluster as Pseudomonas phages
vB_PaeS_PAO1_Ab20 (LN610585.1) and  vB_PaeS_PAO1_Ab18 (NC_026594.1).
vB_PaeP_CM0002 and vB_PaeP_CMO0003 reached 94.1-94.6% and 90.8-94.6% similarity
respectively to their closest relatives, and each fell into its own species cluster.

Whole-genome comparisons with Easyfig (Fig. 4) showed extensive collinearity between
each isolate and its reference genomes, interrupted by localized insertions, deletions and
gene-order shifts.

Progressive Mauve alignment was performed on genomes normalized for strand and origin
(see Methods). Within the Autographiviridae, a single locally collinear block (LCB) spanned
the full length of vB_PaeP_CM0002, vB_PaeP_CM0003, vB_PaePA10145phi1l_HR2 and MPK7,
all in the same orientation (Fig. 5a). Within the Mesyanzhinovviridae, three LCBs were



resolved, occurring in the same order and the same orientation in vB_PaeM_CMO0001,
vB_PaeS_PAO1_Ab20 and PAKlein3 (Fig. 5b). The alignments did not contain any inverted
blocks, and the genomes showed no evidence of structural rearrangements.

The divergence between vB_PaeP_CM0002 and vB_PaeP_CMO0003 is limited to nucleotide
substitution and to one localized region. The sliding-window sequence identity along the
alignment (mean 93.7% in 250 bp windows) fell below 80% over a single interval of
approximately 2.0 kb, where it averaged 56.5%. This interval corresponds to the tail fibre
locus, comprising CM0002_0054-CM0002_0057 in vB_PaeP_CM0002 and CM0003_0008-
CM0003_0011 in vB_PaeP_CMO0003. The gene content differs across it: vB_PaeP_CM0002
encodes four annotated tail fiber proteins, whereas vB_PaeP_CM0003 encodes three together
with a hypothetical protein of comparable length occupying the equivalent position. The
same interval is the most divergent locus between vB_PaeP_CM0002 and MPK7 (56.4% mean
identity) and between vB_PaeP_CM0002 and vB_PaePA10145phil_HRZ2.

Comparative proteomics

The OrthoFinder clustering of the three isolates against their closest relatives (Table 5)
showed that 79 of the 88 proteins of vB_PaeM_CM0001 (89.8%), 63 of the 65 proteins of
vB_PaeP_CMO0002 (96.9%) and 61 of the 65 proteins of vB_PaeP_CM0003 (93.8%) are shared
with at least one relative. Each isolate nevertheless has unique proteins: nine in
vB_PaeM_CMO0001, two in vB_PaeP_CM0002 and four in vB_PaeP_CM0003. Conversely, one
reference protein is absent from vB_PaeM_CM0001, seven from vB_PaeP_CM0002 and two
from vB_PaeP_CMO0003.

The orthogroup analysis restricted to the three isolates (Fig. 6) confirmed the two-group
structure. vB_PaeP_CM0002 and vB_PaeP_CMO0003 share 62 orthogroups and have three
singletons each, whereas vB_PaeM_CMO0001 shares none of its 88 proteins with them. The
ViPTree proteomic distance tree (Fig. 7) reproduced this separation, placing
vB_PaeM_CMO0001 within the Mesyanzhinovviridae and vB_PaeP_CM0002/vB_PaeP_CM0003
within the Autographiviridae.

Phylogenetic relationships and taxonomic assignment

We carried out a BLASTn analysis, with confirmation by PhaBOX, which assigned all three
phages to the class Caudoviricetes (Table 3). vB_PaeM_CMO0001 belongs to the subfamily
Bradleyvirinae, genus Abidjanvirus, within the family Mesyanzhinovviridae. vB_PaeP_CM0002
and vB_PaeP_CMO0003 belong to the subfamily Krylovirinae, genus Phikmvvirus, within the
family Autographiviridae.

Using the ICTV thresholds of 70% intergenomic similarity for genus and 95% for species, the
VIRIDIC results (Fig. 3) show that vB_PaeM_CMO0001 shares more than 95% similarity with
vB_PaeS_PAO1_Ab18 and vB_PaeS_PAO1_Ab20, indicating that it is a new isolate of an
existing Abidjanvirus species. In contrast, vB_PaeP_CM0002 and vB_PaeP_CM0003 each show
less than 95% similarity to all other genomes and to each other, supporting their
classification as two new species within the genus Phikmvvirus.



The proteome-based ViPTree analysis (Fig. 7) placed vB_PaeM_CMO0001 among the
Mesyanzhinovviridae reference phages, next to vB_PaeS_PAO1_Ab18, vB_PaeS_PAO1_Ab20
and vB_PaeS_PAO1_Ab05, and vB_PaeP_CM0002 and vB_PaeP_CMO0003 adjacent to each
other within the Autographiviridae, close to vB_PaeP_PPA-ABTNL and MPK?7. All three
isolates fall within the Pseudomonadota host group.

The GBDP phylogenomic tree inferred with VICTOR (Fig. 8) recovered two well-separated
clades corresponding to the two families, with 100% bootstrap support for the node
separating them. Within the Autographiviridae clade, vB_PaeP_CM0002 grouped with
vB_PaePA10145phil_HR2, HX1, BrSP08, Atpa010 and Atpa011, while vB_PaeP_CM0003
grouped with PaFZ4 and Henu_18-20N, close to MPK7 and vB_PaBD_211. The OPTSIL
clustering shown alongside the tree assigns vB_PaeP_CM0002 and vB_PaeP_CMO0003 to
distinct species clusters, in agreement with the VIRIDIC result.

A maximum-likelihood tree built from a conserved structural marker, the major capsid
protein (Fig. 9) recovered the expected topology, with vB_PaeM_CMO0001 within the
Abidjanvirus clade and vB_PaeP_CM0002 and vB_PaeP_CMO0003 as sister taxa within the
Phikmvvirus clade.

In silico safety assessment

The three genomes contained no antimicrobial resistance genes, anti-CRISPR proteins, or
Acr-Aca operons. Together with the absence of integrase, excisionase and repressor genes,
these results are consistent with the strictly virulent lifestyle predicted for all three phages.

A single CDS of vB_PaeM_CM0001, CM0001_0013 (9,749-10,609), returned a structural
match against VFDB during Phold annotation and was labelled accordingly in the primary
annotation. The match is to VFDB entry VFG015931 at an amino-acid identity of 12.4%, the
lowest of any functionally labelled CDS in this genome, against a median of 94.2% for the
remaining assignments. Phold’s aggregated structural evidence for this protein assigns
74.5% of the total bitscore weight to the “other” category and 16.9% to DNA, RNA and
nucleotide metabolism, against 8.5% for the moron, auxiliary metabolic gene and host
takeover category to which VFDB matches are attributed. The protein carries two diagnostic
FAD-binding motifs, a Rossmann dinucleotide-binding fingerprint at residue 7 and the
second conserved flavin-binding region at residue 132, and lies within a contiguous
nucleotide-metabolism module that includes ribonucleotide reductase, 5-hmdU DNA kinase,
thymidylate synthase and dATP triphosphohydrolase genes. The match therefore reflects the
Rossmann fold shared between this protein and flavin-dependent enzymes catalogued in
VFDB rather than a virulence function, and the CDS is annotated here as an FAD-dependent
oxidoreductase.

Discussion

We isolated 28 lytic phages active against clinical P. aeruginosa from five wastewater sites in
Bobo-Dioulasso and sequenced three of them to completion. The three genomes fall into two
very different groups, one Abidjanvirus (Mesyanzhinovviridae) and two Phikmvvirus
(Autographiviridae), that share no detectable orthologous protein families.These three



represent new species. The three phages lack resistance determinants, virulence factors, and
lysogeny-related genes.

Wastewater as a source of locally adapted P. aeruginosa phages

The phages were recovered from every site sampled, which is consistent with their status as
the most abundant biological entities on the planet, with global population estimates of 1031-
1032 particles, roughly ten times the number of bacterial cells[13]. Similar recovery rates
from wastewater have been reported for P. aeruginosa phages elsewhere[12] . Wastewater
combines high bacterial density with continuous inputs of faecal, hospital and industrial
material[12], and therefore acts as an interface where phage-host coevolution is
sustained[14].

The isolation frequencies were highest at the Dogona slaughterhouse and at the municipal
treatment plant, reproducing the pattern we previously observed for S. aureus phages
sampled at the same sites [15]. These two sites may have the highest and most stable host
densities, favouring the persistence of the corresponding phage populations[16] .

The relation of phage distribution relates to host abundance and hydrology can be explained
as follows. First, phages from two different subfamilies (Bradleyvirinae and Krylovirinae)
were isolated from the same Houet River sample using two P. aeruginosa strains with the
same antibiogram. This suggests that phage recovery was more closely related to strain
identity than to resistance phenotype. This is expected, as phage adsorption depends on
surface features such as receptors, pili, lipopolysaccharides, and outer-membrane proteins,
which are not necessarily linked to the resistance mechanisms detected here. Second, two
Krylovirinae phages were recovered from hydrologically unconnected sites, suggesting that
this lineage is widely distributed across the urban water network. Together, these
observations are consistent with the idea that phage distribution is influenced by host
population composition and is not determined by water connectivity alone.

Host range and therapeutic relevance

Broad host range is one of the main selection criteria for therapeutic phage candidates, since
it determines how much of the circulating population a given phage can cover. Twenty-two
of our 28 isolates lysed at least eight of eleven strains and three lysed all eleven, a proportion
comparable to the 84% and 87% lytic activity against clinical P. aeruginosa reported by Garbe
et al. and by Majdani and Shams Ghahfarokhi [17, 18]. At the other end of the distribution,
two isolates were restricted to four strains. Narrow-spectrum phages of this kind are of
limited direct therapeutic use but are valuable as typing tools and as components of cocktails.

Some limitations should be considered when interpreting these findings in a therapeutic
context. First, host range was assessed by spot test, which detects lysis from without as well
as productive infection. Efficiency-of-plating (EOP) assays on the same panel are needed to
confirm that the phages genuinely replicate on each host. Second, the eleven strains all derive
from urine samples collected at a single laboratory and share an unusually homogeneous
antibiogram, so the panel is not representative of the diversity of P. aeruginosa circulating in
Burkina Faso. Third, and most importantly, none of the strains in this panel is multidrug-
resistant: all were meropenem-susceptible and only three produced a penicillinase.



Genomic diversity within a single wastewater ecosystem

The coexistence of taxonomically distant phages in the same wastewater environment has
been documented repeatedly [19], and our data extend this observation to Bobo-Dioulasso.
The contrast between vB_PaeM_CMO0001 and the two Phikmvvirus genomes is striking. They
have a 14 kb difference in genome length, a 23-gene difference in coding capacity, and they
share no orthogroup [19]. This extreme divergence among co-occurring P. aeruginosa phages
is frequent. Kwan et al. found that 55% of the open reading frames among 18 P. aeruginosa
phages were novel and that most of the phages were only distantly related [20] . These
patterns are consistent with modular evolution, where functional modules are gained, lost,
and exchanged at different rates.

Despite this divergence at the level of gene content, the three genomes share the same overall
architecture, a compact, densely coding double-stranded DNA genome organized into
contiguous functional modules. Coding densities of 94.5-96.2% are typical of tailed phages,
whose short infection cycles and tightly coordinated gene expression favour highly compact
genomes[21]. The practical consequence of this compactness for annotation is that
overlapping and closely abutting genes are common. Moreover, gene callers that assume
canonical intergenic spacing tend to miss them. We used PHANOTATE[22] for this reason.

Functional annotation and hypothetical proteins

A putative function could be assigned to 70.5% of the CDSs of vB_PaeM_CM0001 but to only
50.8% of those of vB_PaeP_CMO0002 and vB_PaeP_CMO0003. Ratios such as these are common
in phage genomics and highlight the limitations of homology-based annotation, given the
incomplete representation of viral sequence diversity in reference databases[23, 24]. The
PHROG profile of vB_PaeM_CMO0001 illustrates the same point: 28.4% of its CDSs fall into the
“other” category, i.e. they have a recognizable function that PHROG does not assign to a
defined module[25]. Combining remote-homology detection, HMM profiles, and structure-
based prediction can help substantially reduce this fraction [22, 26, 27]. The application of
these approaches to the 26 and 32 hypothetical proteins identified here would be a useful
next step.

In all three genomes, the largest annotated module is DNA, RNA and nucleotide metabolism.
This predominance is characteristic of virulent phages, whose infection cycle depends on
rapid takeover of host replication and on tight coupling between genome replication and the
temporal programme of gene expression. In many phages the activation of late genes is itself
contingent on replication progress[28] , and phage-encoded proteins that modulate DNA
topology act in concert with host machinery at initiation[29] .

The absence of CDSs assigned to integration/excision and to the moron/AMG/host-takeover
categories, in all three genomes and in both PHROG and Phold annotations, is the single most
relevant functional observation for therapeutic purposes: it indicates that none of these
phages encodes the machinery for stable integration into a host chromosome. This inference
is not absolute, a sufficiently divergent integrase could escape homology-based
detection[27], but it is consistent with the independent lifestyle predictions and with the
absence of a repressor module.



Divergence in the tail fibre module

The two Phikmvvirus isolates share 91.9% genome-wide identity, are fully collinear, and
share 62 orthogroups, yet a single interval of approximately 2.0 kb drops to 56.5% identity.
The diverging interval contains the tail fibre locus, and gene content differs across it. It
consists of four annotated tail fibre proteins in vB_PaeP_CM0002 against three plus a
hypothetical protein of comparable length in vB_PaeP_CM0003.

Tail fibres are the receptor-binding proteins that determine which host strains a phage can
adsorb to, and hypervariability at this locus against a background of high genome-wide
conservation is a recurrent feature of the Autographiviridae. The same region is also the most
divergent part of vB_PaeP_CM0002 compared with its closest relatives, which is consistent
with a module shaped by host-driven selection while the rest of the genome remains
constrained by replication and virion assembly.

The two phages are collinear and 91.9% identical, with their main difference in the receptor-
binding module and host range. This makes the tail fibre locus a likely candidate for
explaining the difference in host range. The proteomic data are consistent with this
hypothesis, since vB_PaeP_CM0002 and vB_PaeP_CMO0003 share 63 (96.9%) and 61 (93.8%)
of their proteins respectively with at least one relative, so the gene content across the genus
is largely preserved[30].

Taxonomic placement and marker discordance

We used a combination of VIRIDIC intergenomic similarity, proteome-based clustering and
marker-gene phylogeny, following follows current ICTV practice for prokaryotic viruses [31].
This is better suited to mosaic genomes than nucleotide comparison alone [32] On this basis,
vB_PaeM_CM0001 is a new isolate of an existing Abidjanvirus species, while
vB_PaeP_CM0002 and vB_PaeP_CMO0003 both fall below the 95% species threshold against
every available relative and against each other, and therefore constitute two new Phikmvvirus
species. The VIRIDIC species clustering, VICTOR/OPTSIL clustering, and ViPTree proteome
distances all support this conclusion, strengthening the taxonomic assignment.

The relationship between vB_PaeP_CM0002 and vB_PaeP_CMO0003 is less uniformly resolved.
They are adjacent in the ViPTree proteome tree and sister taxa in the marker-gene tree, but
the GBDP whole-genome tree places them in different subclades of the Phikmvvirus group.
This result is expected for two collinear genomes that are 91.9% identical but have a highly
divergent tail fibre locus. GBDP distances are based on high-scoring alignment segments and
can therefore be influenced by regions of low similarity, whereas proteome- and marker-
based methods rely mainly on the conserved portions of the proteome.

Absence of tRNA genes

We did not detect any tRNA gene in any of the three genomes, which is in line with reports
on other P. aeruginosa phages .
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Safety profile

The three genomes contained no detectable virulence factors, antimicrobial resistance genes,
or anti-CRISPR proteins. This is a necessary condition for any therapeutic candidate, since
transducing phages can mobilize resistance and virulence determinants, and it is consistent
with the strictly lytic repertoire described above [33]. However, this alone is not sufficient.
In silico screening is limited by database coverage and the sensitivity of homology-based
searches. The clinical application of phage therapy requires a thorough experimental
evaluation of several key factors, including the stability of the preparations, control of
endotoxin levels, and validation of their efficacy in vitro and in vivo [34].

Limitations

Some limitations of the work should be considered. First, only three of the 28 isolates were
sequenced, so the genomic diversity of the collection is unknown. Next, the experimental
characterization was limited to host range. We did not assess adsorption rate, latent period,
burst size, EOP, pH and thermal stability, and biofilm activity, and transmission electron
microscopy was not performed. Therefore, the morphotype was inferred solely from the
taxonomy. Also, the host panel was small, showed limited diversity in antibiograms, and was
derived from a single sample type and laboratory. Finally, all safety assessments were based
on in silico analyses.

Conclusion

We report the isolation of 28 lytic P. aeruginosa phages from wastewater in Bobo-Dioulasso
and the complete genome sequences of three of them. vB_PaeM_CMO0001 is a new isolate of
an Abidjanvirus species within the Mesyanzhinovviridae, while vB_PaeP_CM0002 and
vB_PaeP_CMO0003 represent two new species of the genus Phikmvvirus within the
Autographiviridae. All three have compact, densely coding genomes, encode no tRNA, no
integration or excision functions, no virulence factor and no antimicrobial resistance
determinant, and are predicted with high confidence to be strictly virulent. The two
Phikmvvirus isolates are fully collinear with each other and with their closest relatives, and
their divergence is concentrated at the tail fibre locus, the module that determines receptor
binding. To our knowledge these are the first P. aeruginosa phage genomes described from
Burkina Faso, and they extend the known diversity of the genus Phikmvvirus.

These genomes provide a documented starting point for a national phage bank. Their
translation into therapeutic candidates now requires experimental characterization of their
infection kinetics and stability, efficiency-of-plating measurements against a larger and more
resistant panel of clinical isolates, in particular carbapenem-resistant strains, and
experimental confirmation of the absence of transduction. The most direct and informative
next step would be to test whether the tail fibre locus determines the difference in host range.
Functional and structural annotation of the 26 and 32 proteins of unknown function reported
here would be the second, more exploratory direction.
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Methods

Bacterial strains and antibiotic susceptibility testing

Ten P. aeruginosa clinical isolates were recovered from urine samples submitted to the
Clinical Bacteriology Laboratory of Centre MURAZ for routine diagnostic examination.
[solates were subcultured on Mueller-Hinton agar (Liofilchem, Italy) and incubated for 24 h
at 37 °C. Identification was based on Gram staining, oxidase and catalase tests, and the VITEK
2 Compact system (bioMérieux, France) with GN cards. P. aeruginosa ATCC 27853 was used
as the reference strain and for disk quality control. Antibiotic susceptibility was determined
by Kirby-Bauer disk diffusion on Mueller-Hinton agar after 18-24 h of incubation and
interpreted according to CA-SFM/EUCAST 2024 breakpoints[35]. The antibiotics tested were
ticarcillin, piperacillin, ticarcillin/clavulanic acid, piperacillin/tazobactam, ceftazidime,
cefepime, aztreonam, meropenem and levofloxacin.

Wastewater sampling

Five wastewater samples were collected on July 15, 2023, at each of the five sampling sites
in Bobo-Dioulasso : the Souro Sanou University Hospital, a wastewater discharge station, the
municipal sewage treatment plant, the Houet River backwater and the Dogona
slaughterhouse (Additional file 1: Fig. S1). Wastewater was collected in 50 mL Falcon tubes
and transported to Centre MURAZ. Samples were left to settle for 1 h; the supernatant was
transferred to a fresh tube, centrifuged at approximately 1,650 xg for 5 min at 4 °C
(Centrifuge 5804 R, Eppendorf, Germany), and filtered through 0.45 pm sterile filters.

Phage enrichment, isolation and purification

Clinical strains and ATCC 27853 were streaked on Mueller-Hinton agar and incubated at 37
°C for 18-24 h, then suspended to 0.5 McFarland using a DensiCHEK Plus (bioMérieux,
France). For enrichment, 10 mL of wastewater filtrate, 63.75 pL of 2 mM CaClz and 500 pL of
bacterial suspension were added to 15 mL of tryptic soy broth (Liofilchem, Italy) and
incubated at 37 °C for 48 h. Enriched cultures were centrifuged at 3,000 rpm for 20 min at 4
°C (Rotina 380 R, Andreas Hettich, Germany) and the supernatant was filtered through 0.22
um sterile filters.

Five microlitres of each filtrate were spotted onto double-layer LB agar (0.7% top agar;
Liofilchem, Italy) seeded with the corresponding host suspension and incubated at 37 °C for
24 h. Lysis zones were excised, resuspended in 1 mL of phosphate-buffered saline (Oxoid,
UK) containing 10 pL of chloroform (Thermo Fisher Scientific, USA), centrifuged at
approximately 1,650 xg for 10 min to remove debris, filtered through a 0.22 pm membrane
and stored at 4 °C.

Phages were purified by three successive rounds of single-plaque isolation following Lu et
al. [36]. Lysates were serially diluted 1:100 from 10-2to 10-8. 10 pL of the appropriate dilution
were mixed with 500 pL of host suspension containing 2 mM CaClz (Carlo Erba, France),
added to 4 mL of 0.7% soft agar and poured onto LB agar. After 24 h at 37 °C, the plaques were
characterized by macroscopic observation based on their size (small or large) and appearance
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(clear or turbid), and individual plaques were picked and resuspended in PBS. Purified
phages were stored in PBS at 4 °C.

Host range determination

Host range was determined by spot test on double-layer LB agar [37]. Five hundred
microlitres of each bacterial suspension were mixed with 4 mL of 0.7% soft agar and poured
onto LB agar. Once solidified, 5 uL of each purified lysate from 28 phages-were spotted on the
lawn. Plates were incubated at 37 °C for 18-24 h and scored for the presence or absence of a
lysis zone. Each phage was tested against all eleven strains.

Phage DNA extraction

Purified isolates were amplified on double-layer LB agar. Those reaching 10°-1011 PFU/mL
were retained for sequencing. Plates were overlaid with SM buffer and held at 4 °C for 24 h
to allow diffusion. The buffer was collected, filtered through 0.22 um, and phage particles
were precipitated with 10% (w/v) PEG 8000 (Sigma-Aldrich, USA) overnight at 4 °C, then
pelleted at 18,000 x g for 15 min at 4 °C. The pellet was resuspended in 500 pL of buffer (100
mM NaCl, 10 mM MgS04, 10 mM Tris-HCl) and treated with DNase [ and proteinase K for 30
min at 37 °C to remove host nucleic acids and protein. DNA was extracted according to
Sambrook and Russell [23], and its purity and concentration were assessed on a NanoDrop
spectrophotometer and by Qubit dsDNA High Sensitivity assay (Thermo Fisher Scientific).

Whole-genome sequencing

Five purified DNA samples were sequenced by GenoScreen (Lille, France). Libraries were
prepared with the Illumina DNA Prep kit according to the manufacturer’s instructions.
Library quality and size distribution were verified by capillary electrophoresis (Fragment
Analyzer, High Sensitivity NGS Fragment Kit, Agilent) and final concentrations were validated
fluorometrically with SYBR Green (Thermo Fisher Scientific). Paired-end sequencing was
performed on an [llumina platform, yielding 150 bp-length reads. The numbers of raw read
pairs were 41,858 for vB_PaeM_CMO0001, 39,598 for vB_PaeP_CM0002, and 48,862 for
vB_PaeP_CMO0003.

Read processing and genome assembly

The raw reads were quality-checked with FastQC and filtered with fastp. Adapters were
trimmed, reads with a Phred score below 20 were discarded, and reads shorter than 50 bp
were removed. The filtered reads were mapped to the P. aeruginosa reference genome
(Accession number: NC_002516.2) with Bowtie 2 [38] and non-concordant read pairs,
considered of potential viral origin, were extracted with SAMtools [39].

The reads were assembled de novo with SPAdes v4.2.0[40] using multiple k-mer sizes.
Assembly graphs were inspected in Bandage [41] to assess circularity, identify ambiguous
regions and evaluate alternative paths. The candidate assemblies were validated by read
mapping and per-base coverage analysis (samtools depth). Contigs were confirmed as viral
with VirSorter [42] and their completeness, host contamination and topology were assessed
with CheckV [43]. The assembled genomes were compared with closely related reference
phages using nucmer from the MUMmer package [44] and visualized as dot plots. In the case
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assembly ambiguities remained, the alternative graph paths were evaluated against coverage
profiles and reference synteny, and the path with the strongest read support was retained.

All genomes used in comparative analyses, including the reference genomes retrieved from
GenBank, were normalized for orientation and origin before alignment. Each genome was
oriented so that its coding strand corresponded to the plus strand, determined from the
majority strand of its annotated coding sequences and, for records without CDS annotation,
by alignment to the annotated genomes of the same family. Each genome was then rotated to
begin at a sequence anchor conserved across all members of its family. The two isolates
sequenced in this study, vB_PaeM_CM0001 and vB_PaeP_CMO0002, served as the reference
frames for their respective families and were left in their deposited orientation. The coding
sequence coordinates were transformed accordingly, features spanning the new origin were
recorded as joins, and all 409 transformed coding sequences were re-translated and verified
against the deposited protein sequences.

Genome annotation

The open reading frames were predicted with PHANOTATE [22]. The products were assigned
by a three-stage consensus applied in fixed order, each stage annotating only the coding
sequences left unassigned by the previous one.

First, the predicted genes were searched against the PHROG database[25] with DIAMOND
blastx (e-value < 1e-2, single best hit per query), retaining hits with at least 30% amino-acid
identity over at least 50% of the query length. Second, the coding sequences still unassigned
were annotated with Phold [45], which predicts a three-dimensional structure for each
protein with ProstT5 and compares it against the Phold structural database with Foldseek.
Third, any remaining coding sequences were searched with blastp against the NCBI RefSeq
protein database restricted to viruses (e-value < 1le-5), retaining hits with at least 60%
identity over at least 50% of the query length. Products were curated manually before
submission to GenBank.

Each coding sequence was then assigned to one of eleven functional categories on the basis
of its final product name: DNA replication and repair, DNA metabolism, transcription and
regulation, DNA packaging, head and capsid assembly, tail assembly, baseplate and host
recognition, DNA injection, host lysis, other and auxiliary functions, and hypothetical or
unknown function. We made this assignment ourselves rather than relying on a single tool,
as the annotations were derived from three sources with different classification schemes.
The assignment for every coding sequence, together with its annotation source, is given in
Additional file 2 (Table S7).

tRNA genes were searched with tRNAScan-SE[46] Annotated CDSs were exported as GFF files
and formatted for submission to GenBank. The circular genome maps were drawn with
Proksee[47] with CDSs coloured by the functional categories of Table 4 and with GC content
and GC skew tracks added.
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Selection of reference genomes

The reference genomes were retrieved from NCBI by BLASTn and ranked by a composite
score combining percentage identity and query coverage (score = identity x coverage), which
penalizes partial and non-specific matches[48]. The five highest-scoring genomes per isolate
were retained for all comparative analyses.

Comparative genomics

The genome structures were compared within each genus with Easyfig v2.2.2[49] after
aligning all genomes in the same orientation using tBLASTx[49]. The structural
rearrangements were detected with progressive Mauve v2.4.1 [50] through the identification
of locally collinear blocks, run separately for each family. Both the Mauve alignments and the
VIRIDIC analysis were performed on the normalized genomes described above. The
intergenomic similarities were computed with VIRIDIC[31] and interpreted against the ICTV
demarcation thresholds of 70% for genus and 95% for species. The local nucleotide identity
along each alignment was computed in 250 bp windows to delimit divergent regions.

Comparative proteomics

The orthologous groups were identified with OrthoFinder v3.1.4 [51], both among the three
isolates and between each isolate and its closest relatives. Results were visualized with
OrthoVenn3[52]. A proteome-based distance tree was generated on the ViPTree server [53]
, which uses tBLASTx-derived genome-wide similarity.

Phylogenetic analysis and taxonomic classification

The taxonomic assignment was obtained by BLASTn against NCBI and confirmed with
PhaBOX v3.0[54]. The whole-genome phylogeny was inferred on the VICTOR server [55],
which computes pairwise GBDP distances[56] and infers balanced minimum-evolution trees
with FASTME [57] and 100 bootstrap replicates, using the settings and taxon-delimitation
thresholds recommended for prokaryotic viruses. As all genomes analysed were complete,
the DO distance formula recommended for nucleotide sequences was retained. The trees
were midpoint-rooted [58] and drawn with ggtree [59]. The species, genus and family
clusters were delimited with OPTSIL [60] using an F value of 0.5[61].

A Maximum-likelihood tree was also built from the amino-acid sequences of one conserved
structural marker, the major capsid protein. Sequences were aligned with MAFFT[62] and
the tree inferred with FastTree[63] under the JTT+CAT model. Trees were visualized and
annotated with iTOL[64] .

Lifestyle prediction

Lifestyle (virulent or temperate) was predicted with PhageAl v1.0.2[65] and independently
with PhageLeads[66].
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In silico safety assessment

Virulence factors were searched online against the VFDB[67] and VICTORS[68] databases
using their respective web-based tools and default parameters. The nucleotide and amino
acid sequences were queried against the corresponding databases using BLAST-based
searches. Antimicrobial resistance genes were detected with PhageLeads[66] and with RGI
v6.0.5 against CARD v4.0.1[69] . The analyses related to anti-CRISPR systems were
performed using AcRanker, AcrFinder, and CRISPRCasFinder. AcRanker was applied to the
predicted phage proteomes using the default settings to rank proteins according to their anti-
CRISPR potential. AcrFinder was used with its default parameters, including homology
search thresholds of 30% identity, 80% coverage, and an E-value of 0.01, to identify known
anti-CRISPR proteins and associated Acr-Aca loci. CRISPR-Cas systems were screened using
CRISPRCasFinder with the default parameters[70]. Note that the Phold annotation step
described above also compares each predicted structure against VFDB and CARD. The single
VFDB match obtained there is reported and interpreted in the Results.
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Figures

Fig. 1 Circular maps of the three phage genomes. a vB_PaeM_CM0001, b vB_PaeP_CM0002, c
vB_PaeP_CMO0003. The outer ring shows predicted CDSs colored by PHROG functional
category. The inner tracks show GC content (black) and GC skew (green, positive; purple,
negative).
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Fig. 2 Functional composition of the three phage genomes. a Proportion of predicted coding
sequences with an assigned function (blue) and of hypothetical proteins or proteins of

unknown function (grey). b Distribution of the coding sequences across the eleven functional

categories of Table 4, coloured as in the genome maps of Fig. 1.
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genome-length ratio. The upper-right triangle shows pairwise intergenomic similarity (%).
Species and genus clusters were assigned using the ICTV thresholds of 95% and 70%
respectively.

Aligned genome fraction Genome length ratio

0 025 05 075 10 025 05 075 1
Intergenomic similarity

| —

0 20 40 50 60 70 80 90 100 e
80000
40000 %
s I l I l I I I I I . Ig species_cluster genus_cluster ~ ICTV genus
01 01 02 01 02 02 01 02 02 02 01 ilc_04211541 4 1
01 00 00 00 01 01 00 00 01 01 00 OQ646790.1 5 1
01 01 01 02 01 01 00 01 01 00 00 PP931173.1 6 1 Abidjanvirus
02 02 01 01 03 03 01 02 02 01 01 PZ231876 1 1
01 01 01 01 01 01 00 01 01 01 01 LN610585.1 1 1
o1 NC_026594.1 1 1
PQ493644.1 7 2
MW406976.1 2 2
PV565007.1 2 2
PZ365779 10 2
PZ233457.1 9 2
= w PZ233458.1 9 2 Phikmvvirus
= - NC_022091.1 3 2
v - - PV786137.1 3 2
s " PZ365800 11 2
= H " PV610699.1 8 2
Y i D leveeses s 2
il o Dt e ol o Ml hodikodhodi Tl o
sepblgasyesElEEsS B2 g
S ] 2 2 8ls ¥ 3 = 8lda 8
S © = ceggs2iaass 8l
32@eSssERNNSERes
Q 8 a Sga § a eadga aa

Fig. 4 Whole-genome comparison of the isolates and their closest relatives generated with
Easyfig using tBLASTx. a Mesyanzhinovviridae: vB_PaeS_PAO1_Ab18, vB_PaeM_CMO0001 and
PAKlein3. b Autographiviridae: vB_PaePA10145phil_HR2, vB_PaeP_CMO0002,
vB_PaeP_CM0003 and MPK?7. Arrows represent predicted CDSs. Grey shading indicates
regions of tBLASTx similarity, with intensity proportional to identity (scale, 73-100%).
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Fig. 5 Progressive Mauve alignments of the three isolates and their closest relatives. a
Autographiviridae: vB_PaePA10145phil_HR2, vB_PaeP_CMO0002, vB_PaeP_CMO0003 and
MPK7. b Mesyanzhinovviridae: vB_PaeS_PAO1_Ab20, vB_PaeM_CM0001 and PAKlein3.
[solates sequenced in this study are in bold, with GenBank accessions beneath each name.
Coloured boxes are locally collinear blocks (LCBs). Blocks of the same colour are homologous
between genomes, and the profile within each block gives the average level of nucleotide
identity along it. Blocks drawn above a genome’s centre line are in the forward orientation
and blocks drawn below it are inverted. Open boxes beneath each genome are predicted
coding sequences. The GenBank record for vB_PaeS_PAO1_Ab20 (LN610585) contains no
CDS annotation. Before alignment all genomes were oriented to place the coding strand on
the plus strand and rotated to a common sequence anchor (see Methods), so coordinates
refer to the normalised rather than the deposited sequences.
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Fig. 6 Orthologous groups shared among the three isolates, identified with OrthoFinder and
visualized with OrthoVenn3. The table below the diagram gives, for each genome, the number
of proteins, the number of clusters and the number of singletons.

vB_PaeP_CMO0002_genes

/B eP_( nes
Species Proteins Clusters Singletons
vB_PaeM_CMO0001_genes 88 2 84 2 2
vB_PaeP_CM0002_genes 65 62 3

vB_PaeP_CM0003_genes 65 62 3



Fig. 7 ViPTree proteomic distance trees. a Position of the three isolates (red stars) within the
reference tree of dsDNA prokaryotic viruses. The inner ring indicates virus family and the
outer ring host group. b Detail of the subtree containing the three isolates, with genome
lengths in nucleotides. The left colour strip indicates virus family and the right strip host
group.
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Fig. 8 GBDP phylogenomic tree of the three isolates and their closest relatives, inferred with
VICTOR from whole-genome distances (formula D6), midpoint-rooted, with support from
100 bootstrap replicates. The colour columns to the right give the OPTSIL family, genus and
species clusters, the GC content and the genome length.
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Fig. 9 Maximum-likelihood phylogenies inferred from the major capsid protein, aligned with
MAFFT and inferred with FastTree under the JTT+CAT model. Node circles are scaled to
bootstrap support. Isolates from this study are shown in red. Colored bars indicate genus
assignment.
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Tables

Table 1 Antibiotic susceptibility profiles of the eleven P. aeruginosa strains used in this study

MER
Strain Sample type TC PRL TTC TPZ CAZ FEP ATM O LEV
27853* ATCC NA NA A A A A A A A
PA_CM20  Urine ZIT ZIT ZIT ZIT ZIT ZIT ZIT S ZIT
PA_CM22* Urine R R ZIT ZIT ZIT ZIT ZIT S ZIT
PA_CM23* Urine ZIT ZIT ZIT ZIT ZIT ZIT ZIT S ZIT
PA_CM24* Urine R R ZIT ZIT ZIT ZIT ZIT S ZIT
PA_CM25* Urine ZIT ZIT ZIT ZIT ZIT ZIT ZIT S ZIT
PA_CM26  Urine ZIT ZIT ZIT ZIT ZIT ZIT ZIT S ZIT
PA_CM27  Urine ZIT ZIT ZIT ZIT ZIT ZIT ZIT S ZIT
PA_CM28  Urine ZIT ZIT ZIT ZIT ZIT ZIT ZIT S ZIT
PA_CM29  Urine ZIT ZIT ZIT ZIT ZIT ZIT ZIT S ZIT
PA_CM30  Urine R R ZIT ZIT ZIT ZIT ZIT S ZIT
TC:  Ticarcillin; PRL: piperacillin, TTC: Ticarcillin/clavulanic  acid;  TPZ:

Piperacillin/tazobactam; CA: Ceftazidime;

FEP: Cefepime; ATM: Aztreonam, MERO,
Meropenem; LEV: Levofloxacin. S: Susceptible; ZIT:Technical Uncertainty Zone ; R: Resistant.
NA : Not Applicable; A : Asset; PA_.CM21: Pseudomonas aeruginosa_Centre Muraz corresponds
to the ATCC 27853 strain used for quality control of antibiotic discs. Asterisks mark strains
used as hosts for phage isolation.

Table 2 Recovery of P. aeruginosa lytic phages by host strain and sampling site

[solation
Host strain SSUH WDS STP HR SGH  frequency
PA_CM21 + - + + o+ 4/5
PA_CM22 + + + + o+ 5/5
PA CM23 + - - + o+ 3/5
PA_CM24 - + + - + 3/5
PA_CM25 + + + + + 5/5
PA_CM26 - + + - - 2/5

SSUH: Souro Sanou University Hospital; WDS: Wastewater Discharge Station; STP: Sewage
Treatment Plant; HR: Houet River; SGH: Slaughterhouse. PA_CM: P. aeruginosa_Centre
MURAZ collection. +: at least one lytic phage recovered; -: no phage recovered.
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Table 3 Genomic features and taxonomic assignment of the three sequenced phages

Feature

vB_PaeM_CMO0001

vB_PaeP_CM0002

vB_PaeP_CM0003

Source isolate

Sampling site

I[solation host

GenBank
accession

Class
Family
Subfamily
Genus

Taxonomic
status
Nucleic acid
Genome size
(bp)

GC content (%)
Coding
(bp, %)
Predicted CDSs

CDSs with
assigned
function (n, %)

tRNA genes

Predicted
lifestyle
(confidence)

region

Sequencing
depth (%)
CheckV

completeness
(%)

PA_BD_S03

Wastewater_River
Houet

P. aeruginosa
P7231876

Caudoviricetes

Mesyanzhinovviridae

Bradleyvirinae
Abidjanvirus

New isolate of
described species

linear dsDNA
57,614

63.54
54,431 (94.48)

88
62 (70.45)

0
virulent (97.33%)

140

94.4

a

PA _BD_S12

Wastewater_Rive
r Houet

P. aeruginosa
PZ365779

Caudoviricetes
Autographiviridae
Krylovirinae
Phikmvvirus

New species

linear dsDNA
43,491

62.63
41,572 (95.59)

65

33 (50.77)

0
virulent (99.97%)

132

100

PA_BD_S29b

Wastewater_Hos
pital Souro Sanou
University

P. aeruginosa
PZ365800

Caudoviricetes
Autographiviridae
Krylovirinae
Phikmvvirus

New species

linear dsDNA
43,177

62.25
41,518 (96.16)

65
33 (50.77)

0
virulent (99.99%)

163

100




Légend. vB PaeP CM : Bacteria virus P. aeruginosa Podoviridae Centre Muraz ; vB PaeM CM :
Bacteria virus _P. aeruginosa Myoviridae Centre Muraz; PA BD S03: . PA BD S: Pseudomonas
aeruginosa Bobo Dioulasso_Sewage, PA_ CM: P. aeruginosa_ Centre MURAZ

Table 4 Distribution of predicted CDSs across functional categories

Functional vB_PaeM_CMO vB_PaeP_CMO vB_PaeP_CMO0

category 001 (n) % 002 (n) % 003 (n) %

DNA 8 9.09 8 123 9 13.8

replication 1 5

and repair

DNA 11 125 2 3.08 2 3.08

metabolis 0

m

Transcript 3 341 1 1.54 1 1.54

ion and

regulation

DNA 4 455 2 3.08 2 3.08

packaging

Head and 5 568 5 7.69 5 7.69

capsid

assembly

Tail 14 159 2 3.08 2 3.08

assembly 1

Baseplate 1 1.14 5 7.69 5 7.69

and host

recognitio

n

DNA 0 0.00 3 4.62 3 4.62

injection

Hostlysis 2 2.27 3 4.62 3 4.62

Other and 14 159 2 3.08 2 3.08

auxiliary 1

functions

Hypothetic 26 29.5 32 49.2 31 47.6

al or 5 3 9

unknown

function

Total 88 100. 65 100. 65 100.
00 00 00
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Legend. vB_PaeP_CM : Bacteria virus_P. aeruginosa Podoviridae_Centre Muraz ; vB_PaeM_CM
: Bacteria virus _P. aeruginosa Myoviridae_Centre Muraz. CDSs: Sequences codings;

Each CDS was assigned to a category on the basis of its final product name. The assignment
was made by us rather than taken from a single tool’s output because products derive from
three annotation sources with differing internal classification schemes. The same eleven
categories are used to colour the genome maps in Fig. 1. Per-CDS assignments and annotation
sources are given in Additional file 2 (Table S7).

Table 5 Proteome comparison of the three isolates with their five closest GenBank relatives

Proteins % [solate- Reference
Total shared with share specific proteins absent
Phage proteins =21relative d proteins from the isolate
vB_PaeM_CM000 88 79 89.77 9 1
1
vB_PaeP_CM0002 65 63 96.92
vB_PaeP_CM0003 65 61 9385 4

Legend. vB PaeP CM: Bacteria virus P. aeruginosa Podoviridae Centre Muraz ;
vB PaeM_CM : Bacteria virus _P. aeruginosa Myoviridae Centre Muraz;

Additional files

Additional file 1 (DOCX). Supplementary figures and tables: Fig. S1, map of the five
wastewater sampling sites in Bobo-Dioulasso; Fig. S2, lysis spots obtained by the spot
method; Fig. S3, small and large plaque morphotypes after purification; Fig. S4, host-range
spot assay on strain PA_CM21 after 24 h and 48 h of incubation; Table S1, distribution of the
28 isolates by plaque size and host strain; Table S2, complete host-range matrix of the 28
isolates against the eleven strains; Table S3, the five closest GenBank relatives of each
sequenced genome.

Additional file 2 (XLSX). Supplementary tables supplied as a spreadsheet: Table S5, protein-
level comparison of vB_PaeP_CM0002 and vB_PaeP_CMO0003, giving for each protein its
closest counterpart in the other genome with percentage identity and length ratio; Table S5b,
coding sequences without a counterpart among the available annotated relatives; annotation
coverage of every genome used in the comparative analyses; Table S7, complete annotation
of the predicted coding sequences of the three isolates (locus tag, coordinates, strand,
nucleotide and amino-acid length, product, protein accession, annotation source and
assigned functional category), one sheet per genome; together with the product-binning
sheet from which the functional categories in Table 4 are derived.
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