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ABSTRACT We reported six new species of bacteriophages belonging to the genus 
Drulisvirus, Mosigvirus, Kayfunavirus, and Kagunavirus, with a shared genome similarity 
of 77.2% to 94.5%. Seven isolates are suitable candidates for phage therapy, thereby 
expanding our knowledge about biocontrol alternatives against infections caused by 
multidrug-resistant bacteria.
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T he spread of antimicrobial resistance (AMR) raises public health concerns, ren­
dering bacteria immune to antibiotics. Phage therapy is being explored as an 

alternative approach to combat AMR. Thus, phage identification and characterization 
through laboratory assays and genome sequencing are imperative to determine suitable 
candidates for phage therapy (1). Here, we report the complete genome of eight 
bacteriophages infecting selected bacterial isolates.

Wastewater samples (1 L) from various locations (Table 1) were collected, centrifuged, 
and filtered sequentially using 0.45 µm and 0.22 µm membrane filters. Direct isolation 
was used to isolate the Escherichia phage, VIPECOMC06, and the Pseudomonas phage, 
VIPPAEUMC02; otherwise, enriched isolation was utilized. Briefly, 20 mL of filtrate in 
20 mL double-strength Luria-Bertani broth (HiMedia #M1151) containing 1 mM CaCl2 
was inoculated with target bacterial host (1 mL) (Table 1) for 24 hr (37℃, 160 rpm). Both 
methods employed double-agar overlay; single plaques were picked after 24 hr, purified 
for at least three rounds, and propagated to obtain high-titer phage lysates (Table 1) (2, 
3).

DNA was extracted using the DNeasy Blood and Tissue kit (Qiagen) incubating 
samples at 75℃ for 5–10 min to inactivate DNAse 1/RNAse A (4) and further purified 
using AMPure XP beads (Beckman Coulter). To prepare the sequencing libraries, 100–500 
ng of DNA were tagmented and amplified for 5 cycles using the Illumina DNA prep kit 
and sequenced (loading concentration: 15 pM) on the Illumina MiSeq platform following 
the manufacturer’s instructions. On average, 1,612,925 paired-end (251 bp) reads were 
generated per sample.

Read quality was assessed using FastQC v0.11.9 (5) and trimmed with Trimmomatic 
v0.39 (6). Subsampled reads were de novo assembled using SPAdes v3.15.5 (parame­
ters: --only-assembler -k 21,33,55,77,99,127) (7). Genomes were reoriented based on 
terminase (terL) genes of the closest relative using SeqFu (8) followed by error correction 
using Pilon v1.24 (9). Genome coverage was determined using BBMap v39.06 (10) and 
SAMtools v1.19.2 (11). Finally, phage genomes were annotated using Prokka v1.14.6 (12) 
and the PHROGs (13) database. Default parameters were used for all software unless 
otherwise specified.
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Genome size ranges from 40,245 to 166,719 bp with GC content of 37.5% to 55.6% 
and mean coverage of 37× to 1,726× (Table 1). All genomes were identified as “complete 
with direct terminal repeats” using checkV v1.4 (14). Taxonomic assignment was 
performed using taxmyPHAGE (15). For samples that cannot be classified using ICTV-
registered genomes, the closest relatives were identified using Mash v2.3 (distance cut-
off: 0.09) (16) and INPHARED (v1Sep2024) database (https://github.com/RyanCook94/
inphared) (17). Reference genomes were retrieved from the NCBI nucleotide database,
and a phylogenetic tree was constructed based on Genome-BLAST Distance Phylogeny 
using VICTOR (https://ggdc.dsmz.de/victor.php#) (18).

We identified six new phage species with genome similarity of 77.2% to 94.5% 
using VIRIDIC v1.1 (19) (Fig. 1). These isolates belonging to the genus Drulisvirus (1), 
Mosigvirus (1), Kayfunavirus (1), and Kagunavirus (3) were named following the ICTV 
guidelines (Table 1) (20, 21). Meanwhile, the Pseudomonas phages VIPPAETPH1 and 
VIPPAEUMC02 were identical to vB_PaeM_LS1 (95.6%) and vB_VIPPAEUMC01 (100%), 
respectively. Finally, PhageLeads (22) predicted seven isolates with lytic lifestyle, no 
antibiotic resistance, and virulence genes, making them suitable for phage therapy.

FIG 1 Whole-genome comparison using Virus Intergenomic Distance Calculator (VIRIDIC). The closest relatives (distance cut-off: ≤0.09) were determined with 

mash distance estimation using INPHARED (v1Sep2024) database, and the reference genomes of the top eight hits were downloaded from NCBI. Dark red color 

indicates high genome similarities, with percent similarities of the closest relative in bold. Phages with genome similarity of ≥95% are identical species. In closely 

related phages, a high fraction (orange to white) of the genome is aligned and is expected to have similar genome length (black to white). The phage isolates 

and their accession numbers are highlighted in blue.
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