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We announce the complete genome sequences of two temperate Podoviridae, Sulfitobacter phages �CB2047-A and �CB2047-C,
which infect Sulfitobacter sp. strain 2047, a member of the Roseobacter clade. This is the first report of temperate podophage in-
fecting members of the Sulfitobacter genus of the Roseobacter clade.
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We report here the genomes of two lysogenic Podoviridae,
phages �CB2047-A and �CB2047-C, infecting Sulfito-

bacter sp. strain 2047, a member of the Roseobacter clade of
marine bacteria. This is the first report of temperate Podoviri-
dae infecting members of the Sulfitobacter genus of the Roseo-
bacter clade. The two podophages were isolated from an in-
duced algal bloom mesocosm study in Raunefjorden, Norway,
using standard plaque assay techniques (1, 2), and were se-
quenced by the Broad Institute under the Gordon and Betty
Moore Foundation’s Marine Phage, Virus, and Virome Se-
quencing Project. An average sequencing coverage of �30�
was obtained for both phages. Genome annotations were done
using the RAST annotation server (3) and tRNAscan-SE search
server (4). Translated peptides from the phage genomes were
used as BLASTp queries to the NCBI nonredundant protein
sequence database to manually curate possible gene functions
and identify the nearest phage or prophage relatives. The Core-
GenesUniqueGenes (CGUG) genome analysis tool (5) was
used to identify gene homologues and assign core genes that are
shared with other closely related phages.

Phage �CB2047-A is 40,929 bp, with a G�C content of 58.8%.
A total of 73 open reading frames (ORFs) were identified in phage
�CB2047-A. Phage �CB2047-C is 40,931 bp, with a G�C con-
tent of 59%. A total of 73 ORFs were identified in phage
�CB2047-C. Phages �CB2047-A and �CB2047-C are nearly
identical at the nucleotide level, except for a ~2,000-bp region
encoding a T5orf172 domain-containing protein (PF10544) and
RusA-like endodeoxyribonuclease in �CB2047-A and five hypo-
thetical proteins in �CB2047-C, where they share no sequence
similarity. �CB2047-A and �CB2047-C share greatest sequence
similarity to �EBPR podovirus 2, an uncultured phage from an
enhanced biological phosphorus removal reactor (6). CGUG
analysis identified 17 highly homologous genes (BLASTp thresh-
old score, 85) between �CB2047-A and �CB2047-C and �EBPR
podovirus 2. Both �CB2047-A and �CB2047-C have a DNA
Bre-C like integrase to integrate in the host genome and lysis/

lysozyme proteins with glycosyl hydrolase and peptidoglycan
binding domains predicted to be involved in host cell lysis cells.
Phages �CB2047-A and �CB2047-C also show relatedness to the
temperate Myxococcus phage Mx8 (accession no. NC_003085),
with protein homology existing within the terminase gene and
several putative tail-fiber genes.

In contrast to other known roseophages, the genomes of
�CB2047-A and �CB2047-C do not contain genes showing
strong homology to currently described DNA polymerases,
thymidylate synthases, ribonucleotide reductases, and deoxy-
cytidine deaminases (7). The absence of well-characterized
replication/nucleotide metabolism genes indicates that
�CB2047-A and �CB2047-C may rely heavily on host re-
sources for nucleotide production to generate new virions or
possibly use novel replication and nucleotide metabolism pro-
teins. Also absent from the genomes of �CB2047-A and
�CB2047-C are homologs to known DNA methylases, which
are frequently present in other temperate relatives (8), includ-
ing �EBPR podovirus 2 (accession no. AEI70896.1). The ge-
nomes of �CB2047-A and �CB2047-C encode homing endo-
nucleases (HNH_3 domain [Pfam13392]), which may be
beneficial to the host and/or offer a competitive advantage to
the phage by cleaving the DNA of other closely related compet-
ing phages during mixed infections (9).

Nucleotide sequence accession numbers. The whole-genome
sequences of Sulfitobacter phages �CB2047-A and �CB2047-C
were deposited in GenBank under the accession no. HQ332142
and HQ317384, respectively.

ACKNOWLEDGMENTS

The sequencing and assembly were funded in part by the Gordon and
Betty Moore Foundation through a grant to the Broad Institute, where
this work was completed. NSF grants (OCE-1061352 to A.B. and
S.W.W. and EF-0723730 to W.H.W.) provided additional support for
this work.

Genome AnnouncementsMay/June 2014 Volume 2 Issue 3 e00108-14 genomea.asm.org 1

http://creativecommons.org/licenses/by/3.0/
http://www.ncbi.nlm.nih.gov/nuccore?term=HQ332142
http://www.ncbi.nlm.nih.gov/nuccore?term=HQ317384
http://genomea.asm.org


REFERENCES
1. Budinoff CR. 2012. Diversity and activity of roseobacters and roseophage.

Ph.D. thesis, University of Tennessee, Knoxville, TN.
2. Ankrah NYD, May AL, Middleton JL, Jones DR, Hadden MK, Gooding

JR, LeCleir GR, Wilhelm SW, Campagna SR, Buchan A. 2014. Phage
infection of an environmentally relevant marine bacterium alters host me-
tabolism and lysate composition. ISME J 8:1089 –1100. http://dx.doi.org/
10.1038/ismej.2013.216.

3. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA,
Formsma K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson
R, Osterman AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T,
Parrello B, Pusch GD, Reich C, Stevens R, Vassieva O, Vonstein V,
Wilke A, Zagnitko O. 2008. The RAST server: rapid annotations using
subsystems technology. BMC Genomics 9:75. http://dx.doi.org/
10.1186/1471-2164-9-75.

4. Lowe TM, Eddy SR. 1997. tRNAscan-SE: a program for improved detec-
tion of transfer RNA genes in genomic sequence. Nucleic Acids Res. 25:
0955– 0964. http://dx.doi.org/10.1093/nar/25.5.0955.

5. Mahadevan P, King JF, Seto D. 2009. CGUG: in silico proteome and

genome parsing tool for the determination of “core” and unique genes in
the analysis of genomes up to ca. 1.9 Mb. BMC Res. Notes 2:168. http://
dx.doi.org/10.1186/1756-0500-2-168.

6. Skennerton CT, Angly FE, Breitbart M, Bragg L, He S, McMahon KD,
Hugenholtz P, Tyson GW. 2011. Phage encoded H-NS: a potential Achilles
heel in the bacterial defence system. PLoS One 6:e20095. http://dx.doi.org/
10.1371/journal.pone.0020095.

7. Ankrah NYD, Budinoff CR, Wilson WH, Wilhelm SW, Buchan A. 2014.
Genome sequence of the Sulfitobacter sp. strain 2047-infecting lytic phage
�CB2047-B. Genome Announc. 2(1):e00945-13. http://dx.doi.org/
10.1128/genomeA.00945-13.

8. Murphy J, Mahony J, Ainsworth S, Nauta A, van Sinderen D. 2013.
Bacteriophage orphan DNA methyltransferases: insights from their bacte-
rial origin, function, and occurrence. Appl. Environ. Microbiol. 79:
7547–7555. http://dx.doi.org/10.1128/AEM.02229-13.

9. Goodrich-Blair H, Shub DA. 1996. Beyond homing: competition between
intron endonucleases confers a selective advantage on flanking genetic
markers . Cel l 84:211–221. http: / /dx.doi .org/10.1016/S0092
-8674(00)80976-9.

Ankrah et al.

Genome Announcements2 genomea.asm.org May/June 2014 Volume 2 Issue 3 e00108-14

http://dx.doi.org/10.1038/ismej.2013.216
http://dx.doi.org/10.1038/ismej.2013.216
http://dx.doi.org/10.1186/1471-2164-9-75
http://dx.doi.org/10.1186/1471-2164-9-75
http://dx.doi.org/10.1093/nar/25.5.0955
http://dx.doi.org/10.1186/1756-0500-2-168
http://dx.doi.org/10.1186/1756-0500-2-168
http://dx.doi.org/10.1371/journal.pone.0020095
http://dx.doi.org/10.1371/journal.pone.0020095
http://dx.doi.org/10.1128/genomeA.00945-13
http://dx.doi.org/10.1128/genomeA.00945-13
http://dx.doi.org/10.1128/AEM.02229-13
http://dx.doi.org/10.1016/S0092-8674(00)80976-9
http://dx.doi.org/10.1016/S0092-8674(00)80976-9
http://genomea.asm.org

	Genome Sequences of Two Temperate Phages, ΦCB2047-A and ΦCB2047-C, Infecting Sulfitobacter sp. Strain 2047
	Recommended Citation

	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES

