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RB43-related bacteriophages have a specific genome type that clearly distinguishes them from other T4-like viruses. Here, we
present the complete genome sequence of a new virulent phage, Lw1, isolated as an Escherichia coli BL21(DE3) contaminant.
Lw1 shares an RB43-like genome organization, but it does not contain putative AP2-domain endonuclease genes.
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At the moment, the taxonomy of T4-like bacteriophages is
questionable and does not reflect existing relationships be-

tween the viruses belonging to this group. Clustered by the mor-
phological principle, the phages often appear to be phylogeneti-
cally distant from their prototype T4. Therefore, the isolation and
sequencing of additional members of already-existing subgroups
of T4-like phages are essential for improvement of the current
classifications. RB43-related phages feature a specific genome
subtype that differentiates them from other known T4-like
phages (1). Currently, this group includes the enterobacterial
phages RB16 (1) and RB43 (2), Klebsiella phages KP15 and
KP27 (3) (GenBank accession no. NC_014036 and HQ918180,
respectively), and Cronobacter phage vB_CsaM_GAP161 (4).
All these phages carry from 1 to 6 putative HNH endonuclease
genes coding for AP2-family domains, originally thought to be
plant specific (5). Here, we report the annotation of the com-
plete genome sequence of phage Lw1, which shares an RB43-
like genome arrangement but does not contain putative AP2-
domain genes.

Lw1 was isolated as a contaminating phage from lysed cells of
Escherichia coli BL21(DE3). Electron microscopic analysis of the
phage samples stained with uranyl acetate (2%) showed that
Lw1 belongs to the Myoviridae family, morphotype A2 (6). The
average phage Lw1 head size is 107 by 80 nm and the tail length
is 117 nm. A distinctive feature of phage Lw1 is its ability to
spontaneously produce aberrant particles with abnormally
elongated capsids (140 to 430 nm in length) at a higher fre-
quency than in T4.

The virion DNA was obtained using the SDS-phenol extrac-
tion method. Sequencing was performed using the 454 pyrose-
quencing approach. The phage genome contig was assembled
with Newbler version 2.5.3, which also confirmed its circular
genetic map. Unconventionally, annotation of the Lw1 genome
starts from the rIIB gene because of the nucleotide overlap
between the rIIB and rIIA genes. The latter gene is the tradi-
tional start in T4-like phages, but the overlap prevents the ge-

nome from being displayed as a liner DNA molecule if started
from rIIA.

The Lw1 virion contains a linear double-stranded DNA (ds-
DNA) molecule of 176,227 bp with circular permutation. There
are many Dam and Dcm sites that are completely or partially
methylated. The G�C content is 43.5% and the genome contains
274 predicted genes: 273 protein-coding open reading frames
(ORFs) and 1 Met-tRNA gene. One hundred fifty ORFs (55%)
have unknown functions. The gene density is 1.56 genes/kb and
the coding density is 95.5%. The average gene size is 618 nucleo-
tides, and the average protein size is 205 amino acids (aa). The
closest relative phages, RB43, GAP161, RB16, KP27, and KP15,
share with Lw1 91.2% (249/273 ORFs), 90.5% (247/273 ORFs),
89.7% (245/273 ORFs), 86.1% (235/273 ORFs), and 83.2% (227/
273 ORFs) of homologs, respectively. Thus, phage Lw1 belongs to
the RB43-group of pseudo T-even bacteriophages (7). Finally, al-
though the Lw1 genome does contain one T4-like phage endonu-
clease of the MobE family, there is a lack of AP2-domain-
containing endonucleases, and the relative paucity of mobile
elements indicates either recent loss events or the presence of lim-
ited sites for viable insertion in the genome compared to some
other RB43-like phages.

Nucleotide sequence accession numbers. This genome se-
quence has been deposited in GenBank with the accession no.
KC801932. Described in this paper is the second version, acces-
sion no. KC801932.2.
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