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Bacteria have evolved several defense systems against phage predation. Here, we report the 6,500,439-bp complete genome se-
quence of the Pseudomonas aeruginosa phage-resistant variant PA1RG. Single-molecule real-time (SMRT) sequencing and de
novo assembly revealed a single contig with 320-fold sequence coverage.
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Pseudomonas aeruginosa is a Gram-negative bacterium distrib-
uted in highly diverse ecological niches, such as soil, water, and

various living host organisms (1, 2). As an opportunistic patho-
gen, P. aeruginosa causes significant morbidity and mortality
among compromised individuals and is associated with hospital-
acquired pneumonia, urinary tract infections, surgical site infec-
tions, and chronic cystic fibrosis (CF) lung infections (2, 3). Due
to notable biofilm formation and intrinsic drug resistance, it is
very difficult to treat P. aeruginosa infections with antibiotics in
the clinical setting (4, 5).

Bacteriophages (phages) are the most abundant and most di-
versified microorganisms on the planet (6). The arms race be-
tween phages and bacteria has been an important factor driving
bacterial evolution and diversification (7). Bacteria have evolved
several defense systems against phage predation, such as adsorp-
tion inhibition, restriction-modification systems, abortive infec-
tion systems, and clustered regularly interspaced short palin-
dromic repeat (CRISPR)-CRISPR-associated (Cas) systems (7).
Bacterial phage-resistant variants can easily be obtained under lab
conditions (8), and besides being resistant to phage infection, they
usually show changes in phenotype, including biofilm formation,
virulence, and small-colony variants (SCVs) (9–11). The isolation
and characterization of phage-resistant variants might provide ex-
tensive understanding not only of bacterial defense systems but
also of the complicated interactions between bacteria and phages.

The host bacterium of lytic phage PaP1 (12) is P. aeruginosa
PA1, a clinical isolate (13). A phage-resistant variant of P. aerugi-
nosa PA1 was obtained from phage PaP1 lysates and named
P. aeruginosa PA1RG. The genomic DNA of P. aeruginosa PA1RG
was extracted from the overnight cultures, grown in LB broth, and
purified using the Wizard genomic DNA purification kit (Pro-
mega, WI). PacBio single-molecule real-time (SMRT) sequencing
of the PA1RG genome was carried out at the Institute of Medicinal
Plant Development (IMPLAD) (Beijing, China) using the PacBio
RSII instrument (Pacific Biosciences, Menlo Park, CA, USA) (14,
15). Libraries of 5 kb were constructed, and 4 SMRT cells of the
libraries were sequenced with 90-min movies. De novo assembly

was performed using RS_HGAP_Assembly version 2.0 (16), re-
vealing a single contig with 320-fold sequence coverage. The
length of the PA1RG genome is 6,500,439 bp, with an average
G�C content of 66.34%. Genome annotation of P. aeruginosa
PA1RG was performed using the NCBI Prokaryotic Genome An-
notation Pipeline (17) (2013 release; http://www.ncbi.nlm.nih
.gov/genome/annotation_prok/).

Nucleotide sequence accession number. The complete ge-
nome sequence of P. aeruginosa strain PA1RG has been deposited
in GenBank under the accession no. CP012679. The version de-
scribed in this paper is the first version.

FUNDING INFORMATION
National Natural Science Foundation of China (NSFC) provided funding
to Fuquan Hu under grant number 31570173.

This work was supported by grant 31570173 from the National Natural
Science Foundation of China.

REFERENCES
1. Stover CK, Pham XQ, Erwin AL, Mizoguchi SD, Warrener P, Hickey

MJ, Brinkman FS, Hufnagle WO, Kowalik DJ, Lagrou M, Garber RL,
Goltry L, Tolentino E, Westbrock-Wadman S, Yuan Y, Brody LL,
Coulter SN, Folger KR, Kas A, Larbig K, Lim R, Smith K, Spencer D,
Wong GK, Wu Z, Paulsen IT, Reizer J, Saier MH, Hancock RE, Lory S,
Olson MV. 2000. Complete genome sequence of Pseudomonas aeruginosa
PAO1, an opportunistic pathogen. Nature 406:959 –964. http://
dx.doi.org/10.1038/35023079.

2. Kung VL, Ozer EA, Hauser AR. 2010. The accessory genome of Pseu-
domonas aeruginosa. Microbiol Mol Biol Rev 74:621– 641. http://
dx.doi.org/10.1128/MMBR.00027-10.

3. Turner KH, Wessel AK, Palmer GC, Murray JL, Whiteley M. 2015.
Essential genome of Pseudomonas aeruginosa in cystic fibrosis sputum.
Proc Natl Acad Sci USA 112:4110 – 4115. http://dx.doi.org/10.1073/
pnas.1419677112.

4. Taylor PK, Yeung AT, Hancock RE. 2014. Antibiotic resistance in Pseu-
domonas aeruginosa biofilms: towards the development of novel anti-
biofilm therapies. J Biotechnol 191:121–130. http://dx.doi.org/10.1016/
j.jbiotec.2014.09.003.

5. Breidenstein EBM, de la Fuente-Núñez C, Hancock REW. 2011. Pseu-
domonas aeruginosa: all roads lead to resistance. Trends Microbiol 19:
419 – 426. http://dx.doi.org/10.1016/j.tim.2011.04.005.

crossmark

Genome AnnouncementsJanuary/February 2016 Volume 4 Issue 1 e01761-15 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01761-15&domain=pdf&date_stamp=2016-2-18
http://genomea.asm.org


6. Chaturongakul S, Ounjai P. 2014. Phage-host interplay: examples from
tailed phages and gram-negative bacterial pathogens. Front Microbiol
5:442. http://dx.doi.org/10.3389/fmicb.2014.00442.

7. Samson JE, Magadán AH, Sabri M, Moineau S. 2013. Revenge of the
phages: defeating bacterial defences. Nat Rev Microbiol 11:675– 687.
http://dx.doi.org/10.1038/nrmicro3096.

8. Le S, Yao X, Lu S, Tan Y, Rao X, Li M, Jin X, Wang J, Zhao Y, Wu NC,
Lux R, He X, Shi W, Hu F. 2014. Chromosomal DNA deletion confers
phage resistance to Pseudomonas aeruginosa. Sci Rep 4:4738. http://
dx.doi.org/10.1038/srep04738.

9. Hosseinidoust Z, Tufenkji N, van de Ven TG. 2013. Formation of
biofilms under phage predation: considerations concerning a biofilm in-
crease . Biofoul ing 29:457– 468. http: / /dx.doi .org/10.1080/
08927014.2013.779370.

10. Hosseinidoust Z, van de Ven TGM, Tufenkji N. 2013. Evolution of Pseu-
domonas aeruginosa virulence as a result of phage predation. Appl Environ
Microbiol 79:6110–6116. http://dx.doi.org/10.1128/AEM.01421-13.

11. Brockhurst MA, Buckling A, Rainey PB. 2005. The effect of a bacterio-
phage on diversification of the opportunistic bacterial pathogen, Pseu-
domonas aeruginosa. Proc Biol Sci 272:1385–1391. http://dx.doi.org/
10.1098/rspb.2005.3086.

12. Lu S, Le S, Tan Y, Zhu J, Li M, Rao X, Zou L, Li S, Wang J, Jin X, Huang
G, Zhang L, Zhao X, Hu F. 2013. Genomic and proteomic analyses of the
terminally redundant genome of the Pseudomonas aeruginosa phage PaP1:

establishment of genus PaP1-like phages. PLoS One 8:e62933. http://
dx.doi.org/10.1371/journal.pone.0062933.

13. Lu S, Le S, Li G, Shen M, Tan Y, Zhao X, Wang J, Shen W, Guo K, Yang
Y, Zhu H, Li S, Li M, Zhu J, Rao X, Hu F. 2015. Complete genome
sequence of Pseudomonas aeruginosa PA1, isolated from a patient with a
respiratory tract infection. Genome Announc 3(6):e01453-15. http://
dx.doi.org/10.1128/genomeA.01453-15.

14. Roberts RJ, Carneiro MO, Schatz MC. 2013. The advantages of SMRT
sequencing. Genome Biol 14:405.

15. Gulati A, Swarnkar MK, Vyas P, Rahi P, Thakur R, Thakur N, Singh
AK. 2015. Complete genome sequence of the rhizobacterium Pseudomo-
nas trivialis strain IHBB745 with multiple plant growth-promoting activ-
ities and tolerance to desiccation and alkalinity. Genome Announc 3(5):
e00943-15. http://dx.doi.org/10.1128/genomeA.00943-15.

16. Chin CS, Alexander DH, Marks P, Klammer AA, Drake J, Heiner C,
Clum A, Copeland A, Huddleston J, Eichler EE, Turner SW, Korlach J.
2013. Nonhybrid, finished microbial genome assemblies from long-read
SMRT sequencing data. Nat Methods 10:563–569. http://dx.doi.org/
10.1038/nmeth.2474.

17. Angiuoli SV, Gussman A, Klimke W, Cochrane G, Field D, Garrity G,
Kodira CD, Kyrpides N, Madupu R, Markowitz V, Tatusova T, Thom-
son N, White O. 2008. Toward an online repository of Standard Operat-
ing Procedures (SOPs) for (meta)genomic annotation. Omics 12:
137–141. http://dx.doi.org/10.1089/omi.2008.0017.

Li et al.

Genome Announcements2 genomea.asm.org January/February 2016 Volume 4 Issue 1 e01761-15

http://genomea.asm.org

	Complete Genome Sequence of Pseudomonas aeruginosa Phage-Resistant Variant PA1RG
	Nucleotide sequence accession number. 

	REFERENCES

