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ABSTRACT The lytic Escherichia coli siphophage BRET was isolated from a chicken
obtained at a local market in Abidjan, Côte d’Ivoire. Its linear genome sequence con-
sists of 59,550 bp (43.4% GC content) and contains 88 predicted genes, including 4
involved in archaeosine biosynthesis. Phage BRET is related (95% nucleotide identity)
to Enterobacteria phage JenK1.

Phages are being reconsidered as complements to antibiotics in many countries
(1–3). Here, a new virulent phage was isolated from the gastrointestinal tract of a

chicken collected at a local market in Abidjan, Côte d’Ivoire. A 2-cm intestine sample
was suspended in 2 ml saline and filtered (0.45 �m). The filtrate was added to Esche-
richia coli HER1036 in LB medium and incubated overnight at 37°C with shaking (4). A
phage plaque was purified three times from LB plates and designated BRET. The lysate
was observed under a transmission electron microscope, and BRET, with a slightly
elongated capsid of 67 � 2 nm � 51 � 1 nm and a noncontractile tail of 176 �

8 nm � 10 � 1 nm (Fig. 1), belongs to the Siphoviridae family (5).
Phage genomic DNA was isolated from the lysate (6), and a DNA library was

prepared (Nextera XT DNA library preparation kit). Sequencing was performed with an
Illumina MiSeq system (250-nucleotide [nt] paired-end reads). The 557,108 reads were
assembled with Ray v3.0.0 (7) using a k-mer length of 31, which led to a single contig
with a coverage of 1,384�. Redundant contig ends were removed to produce the final
complete genome. Functional genes were predicted with GeneMarkS (http://topaz
.gatech.edu/genemark/genemarks.cgi), PECAAN Auto Annotation Tool (https://discover
.kbrinsgd.org/autoannotate/), Geneious v11.0.5, and Glimmer v1.5 (plugin of Geneious
v11.0.5) using the following principles: genes started with ATG, GTG, or TTG codons and
were preceded with a Shine-Dalgarno (SD) sequence similar to AGGAGGU (5= to 3=).
Only coding sequences (CDS) with more than 30 amino acids were annotated with
Blast2GO v5.2.1 (8) and the deduced proteins were searched for function using the NCBI
nonredundant protein database and a cutoff E value of 0.001. tRNAs were searched
using tRNAscan-SE v2.0 (http://lowelab.ucsc.edu/tRNAscan-SE/).

The phage BRET genome consists of 59,550 bp with a GC content of 43.4%. The
average nucleotide identity between phage BRET and Enterobacteria phage JenK1 was
95.15% according to MUMmer analysis in JSpeciesWS (http://jspecies.ribohost.com/
jspeciesws/#analyse). BRET is also related to Enterobacteria phages 9g (94.06% identity),
JenP1 (93.07%), and JenP2 (93.73%), as well as to Salmonella phage SE1 (93.75%).
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A total of 88 CDS were predicted, with sizes ranging from 138 bp to 3,261 bp. A
majority of CDS started with ATG (94.32%), while start codons of GTG (3.41%) and TTG
(2.27%) were also identified. ORF1 was designated based upon the annotation of phage
JenK1 (9). Only 26 CDS were assigned a function, including terminase (ORF1 and ORF2),
capsid protein (ORF6), and tail-related proteins (ORF12, ORF14, ORF16, ORF20, ORF23
and ORF25). Over 70% of the deduced BRET proteins have unknown functions.

tRNAs were not found, but genes involved in archaeosine DNA modification were
identified in the BRET genome (10–13). ORF29 is likely a DpdA (proposed DNA ribo-
syltransferase), while ORF30 is similar to FolE (GTP cyclohydrolase), ORF31 to QueD
(6-carboxytetrahydropterin synthase), ORF33 to QueC (7-cyano-7-deazaguanine syn-
thase), and ORF35 to QueE (5-carboxy-deazaguanine synthase). These enzymes prob-
ably lead to DNA modifications, which may protect the phage genome from host
endonucleases (12).

Phage BRET was deposited in the Félix d’Hérelle Reference Center for Bacterial
Viruses (www.phage.ulaval.ca) under the number HER589.

Data availability. The complete genome sequence of E. coli phage BRET is available
in GenBank under the accession number MK165087, and the raw data are in the SRA
database under accession number PRJNA508515.

ACKNOWLEDGMENTS
We acknowledge funding from the Pasteur Institute Côte d’Ivoire (West Africa), the

Human Frontier Science Program, and the China Scholarship Council (file number
201806875010).

S.M. holds the Tier 1 Canada Research Chair in Bacteriophages.

REFERENCES
1. Abedon ST, Kuhl SJ, Blasdel BG, Kutter EM. 2011. Phage treatment of

human infections. Bacteriophage 1:66 – 85. https://doi.org/10.4161/bact
.1.2.15845.

2. Nagel TE, Chan BK, De Vos D, El-Shibiny A, Kang’ethe EK, Makumi A,
Pirnay J-P. 2016. The developing world urgently needs phages to com-
bat pathogenic bacteria. Front Microbiol 7:882. https://doi.org/10.3389/
fmicb.2016.00882.

3. Ngazoa-Kakou S, Philippe C, Tremblay DM, Loignon S, Koudou A, Abole
A, Ngolo Coulibaly D, Kouassi Kan S, Kouamé Sina M, Aoussi S, Dosso M,
Moineau S. 2018. Complete genome sequence of Ebrios, a novel T7virus
isolated from the Ebrie Lagoon in Abidjan, Côte d’Ivoire. Genome Announc
6:e00280-18. https://doi.org/10.1128/genomeA.00280-18.

4. Kakou Ngazoa ES, Kouya D, Koudou AA, Abole A, Guessend KN, Sylla A, Sina
Kouamé M, Coulibaly Ngolo D, Kouassi Kan S, Meite S, Aoussi S, Dosso M.
2017. New identification of phages in water and in fishes from Lagoon Ebrié
and their application for multidrug strains in Abidjan, West Africa. World J
Pharma Res 6:84–89. https://doi.org/10.20959/wjpr20179-9006.

5. Fortier LC, Moineau S. 2007. Morphological and genetic diversity of

temperate phages in Clostridium difficile. Appl Environ Microbiol 73:
7358 –7366. https://doi.org/10.1128/AEM.00582-07.

6. Moineau S, Pandian S, Klaenhammer TR. 1994. Evolution of a lytic
bacteriophage via DNA acquisition from the Lactococcus lactis chromo-
some. Appl Environ Microbiol 60:1832–1841.

7. Boisvert S, Laviolette F, Corbeil J. 2010. Ray: simultaneous assembly of
reads from a mix of high-throughput sequencing technologies. J Com-
put Biol 17:1519 –1533. https://doi.org/10.1089/cmb.2009.0238.

8. Götz S, García-Gómez JM, Terol J, Williams TD, Nagaraj SH, Nueda MJ,
Robles M, Talón M, Dopazo J, Conesa A. 2008. High-throughput func-
tional annotation and data mining with the Blast2GO suite. Nucleic Acids
Res 36:3420 –3435. https://doi.org/10.1093/nar/gkn176.

9. Carstens AB, Hansen LH, Kot W. 2015. Complete genome sequences of
four novel Escherichia coli bacteriophages belonging to new phage
groups. Genome Announc 3:e00741-15. https://doi.org/10.1128/genomeA
.00741-15.

10. Kulikov E, Golomidova A, Letarova M, Kostryukova E, Zelenin A, Prokho-
rov N, Letarov A. 2014. Genomic sequencing and biological character-
istics of a novel Escherichia coli bacteriophage 9g, a putative represen-

FIG 1 Micrograph of phage BRET stained with uranyl acetate (2%). Bar, 100 nm.
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