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ABSTRACT Gardnerella vaginalis is the presumed causative agent of bacterial vagi-
nosis. Here, we describe the complete genome sequence of Gardnerella phage
vB_Gva_AB1, induced from a vaginal bacterial strain from a woman suffering with
bacterial vaginosis. The phage double-stranded DNA (dsDNA) genome is 50,268 bp
long with a GC content of 39.55% and contains 62 predicted open reading frames.

G ardnerella vaginalis is an anaerobic bacterium considered one of the etiological
agents of bacterial vaginosis (BV) (1, 2). Conventional treatment consists of clinda-

mycin or metronidazole intake (3) with frequent relapses (4, 5). Probiotics are used to
replace or complement traditional therapy (6), but their effects on BV are controversial
(7–9). Phagotherapy could be another alternative treatment to restore vaginal flora
(10). The genome of Gardnerella vaginalis strains contains a multitude of prophage
sequences (11), but so far, none have been isolated.

Gardnerella vaginalis strain CSUR P680, isolated from a vaginal swab of a French
woman suffering from BV (IHU Méditerranée Infection, Marseille, France), was used
to induce prophages. The patient provided informed consent, and the study was
authorized by the ethics committee of the Institut Federatif de Recherche 48 (num-
ber 09-022). The vaginal swab was treated as previously described (12), and the
strain was cultured in brain-heart infusion (BHI; BD) broth medium, supplemented
with yeast extract (0.5%; Fisher Scientific), glucose (0.25%; Euromedex), and fetal
bovine serum (10%; Life Technologies) at 37°C, 5% CO2 (BD), and agitation
(200 rpm). Bacteriophage excision was induced by adding mitomycin C (10mg/ml;
MedChemExpress). The overnight culture was centrifuged (13,000 � g; 10min), and
the supernatant was filtered (0.22mm; Dutscher). On a Gardnerella vaginalis P680
double-layer plaque assay (0.6% agar; Life Technologies), a large double turbid halo
phage plaque, characteristic of temperate phages (Fig. 1A), was observed. Phage
DNA extraction was performed on 1ml of clarified and filtered induced culture su-
pernatant by using a High Pure viral nucleic acid large-volume kit (Roche), ran-
domly amplified using the GenomiPhi v3 DNA amplification kit (GE Healthcare),
purified with a NucleoFast plate (Macherey-Nagel), and quantified using a Qubit
double-stranded DNA (dsDNA) high-sensitivity assay kit (Life Technologies) and
instrument (Invitrogen), all according to the manufacturer’s protocols. Purified
nucleic acids were used to construct a paired-end library with the Nextera XT library
kit and sequenced with MiSeq technology (Illumina, Inc.). Raw paired reads
(2,594,168) were imported, trimmed, and de novo assembled using the CLC
Genomics Workbench v7.5 software. All tools were run with default parameters
unless otherwise specified. This generated 1,916 contigs with a length ranging from
53 bp to 23,344 bp and a coverage of 1� to 11,936�. Contigs with a length of
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.1,000 bp and a coverage of .1,000� were manually concatenated according to
their position on a bacterial reference genome (GenBank accession number
CP019058.1) using BLASTn. Concatenation and circularization of the genome were
verified, corrected, and validated by PCR performed with AmpliTaq Gold 360 master
mix (Life Technologies) and Sanger sequencing using the BigDye Terminator v1.1
cycle sequencing kit (Life Technologies) and a 3500xL genetic analyzer capillary
sequencer (Thermo Fisher) according to the manufacturers’ recommendations.

The complete genome consisted of a circular double-stranded DNA molecule of
50,268 bp with a GC content of 39.55% (Fig. 1B). The closest viral homolog (76.42%
identity and 3% query coverage) detected after a BLASTn search against the nonredun-
dant (nr) database was Streptococcus phage Javan112 (GenBank accession number
MK448843.1), which belongs to the Siphoviridae family. A total of 62 open reading
frames (ORFs) were predicted with GeneMarkS v4.28 (13, 14). No tRNAs were detected
using tRNAscan-SE 2.0 (15, 16). No CRISPR spacer arrays, identified within G. vaginalis
complete genomes available in the NCBI genome database using CRISPRCasFinder
(17), perfectly matched (100% query coverage and 100% identity) the Gardnerella
phage vB_Gva_AB1 genome sequence. The genome was manually annotated using
BLASTp against the nr database and InterPro. Putative function was assigned to the
majority (64.5%) of predicted ORFs, whereas 35.5% matched hypothetical proteins or
protein domains that had no characterized function. InterPro provided functional
annotation for ORF33 (HK97 gp10 family phage protein) and ORF38 (phage tail tape
measure protein). Predicted ORFs were categorized in 7 modules—lysogeny, DNA
packaging, DNA replication/transcription/repair, viral particle structure, phage viru-
lence against host, host lysis, and hypothetical protein (Fig. 1B, Table 1).

Data availability. The data set was deposited in the Sequence Read Archive (SRA)
under the number SRX9776169 (BioProject number PRJNA687336). The complete and
annotated genome sequence is available under GenBank accession number MW387018.1.

FIG 1 Double-layer plaque assay and circular genome representation of the Gardnerella phage vB_Gva_AB1. (A) Spot test showing large double turbid halo
phage plaque, characteristic of temperate phages from induced culture (I), not-induced culture (NI), and control of culture (supplemented BHI [sBHI]
medium only). (B) Genome organization with predicted ORF direction and annotation colored according to functional group of genes: yellow, lysogeny;
orange, DNA packaging; green, DNA replication, transcription, and repair; pink, viral particle structure; light blue, phage virulence against host; purple, lysis;
and gray, hypothetical protein. GC content is represented by the central dark-blue line. Genome visualization was obtained using Geneious software
v2021.0.1.
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