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Photorhabdus luminescens is a species of Gram-negative bacteria
that is pathogenic to insects and mutualistic with Heterorhab-

ditis nematodes, providing us a model for the study of host-
pathogen interactions and symbiosis (1–3). P. luminescens subsp.
akhurstii LN2 is a symbiont of Heterorhabditis indica LN2 and
shows nematicidal activity against Heterorhabditis bacteriophora
H06 nematodes (4–6). Here, we present a draft genome sequence
for P. luminescens strain LN2.

High-throughput Illumina sequencing technology was used to
perform paired-end sequencing of a genomic DNA sample of
P. luminescens LN2. After filtering the low-quality bases, we as-
sembled the short reads into a genome sequence using SOAPde-
novo version 1.05 (http://soap.genomics.org.cn/soapdenovo
.html). The final draft assembly contained 122 contigs and 85
scaffolds, with N50s of 186,732 bp and 297,028 bp, respectively.
These contigs and scaffolds were obtained with 5,586,746 and
5,596,724 bp, respectively. Both have a G�C content of 42.8%.
GLIMMER (7) was used for gene prediction, with default settings,
and the open reading frames (ORFs) at the boundaries of the
scaffolds and those covering two or more scaffolds were excluded.
We discovered 5,306 ORFs, of which the average length is 879 bp.
The total length of the gene regions is 4,659,057 bp, accounting for
83.2% of the genome. The G�C content of the gene regions is
44.3%. Two rRNA genes, 78 tRNA genes, and 13 small RNA
(sRNA) genes were predicted by RNAmmer, tRNAscan-SE1.21,
and Rfam, respectively (8–10).

Rapid Annotations using Subsystems Technology (RAST) (11)
results showed that LN2 contains the genes for all the essential
pathways for carbohydrate, DNA, RNA, and protein metabolism.
There are also genes involved in the metabolism of fatty acids,
lipids, and isoprenoids, of which some lipases, one class of se-
creted proteins, may be involved with insect pathogens. Genes
involved in iron acquisition and metabolism are also present in
the genome annotation of LN2 and may contribute to the adap-
tation of low-iron conditions in insects.

Since the genome sequence of P. luminescens TT01 was ob-
tained (12), more and more genomes of strains of Photorhabdus
and Xenorhabdus have been sequenced (13–18). Together with the
sequences of these genomes, the genome sequence of LN2 may
provide us with new insights into the mechanisms underlying
pathogenicity and mutualism. Because the mutualism between
nematodes and bacteria is safe, effective and commercial bioinsec-
ticides for many economically important pests (5), studying them
will help us develop new and better bioinsecticides.

Nucleotide sequence accession numbers. This whole-genome
shotgun project has been deposited at DDBJ/EMBL/GenBank un-
der the accession no. JQOC00000000. The version described in
this paper is version JQOC01000000.

ACKNOWLEDGMENTS

This work was supported by National Natural Science Foundation of
China (grants 31010103912, 31101494, and 31000879), the Guangdong
Provincial Science & Technology Project (grant 2012B050700008), the
Guangzhou Science & Technology Project (grants 2011J2200032 and
2013J2200090), the Guangdong Academy of Sciences for Excellent Young
Scientists (grant rcjj201201), and the Nonprofit Sector Project (grant
201003025).

REFERENCES
1. Clarke DJ. 2008. Photorhabdus: a model for the analysis of pathogenicity

and mutualism. Cell. Microbiol. 10:2159 –2167. http://dx.doi.org/
10.1111/j.1462-5822.2008.01209.x.

2. Goodrich-Blair H, Clarke DJ. 2007. Mutualism and pathogenesis in
Xenorhabdus and Photorhabdus: two roads to the same destination. Mol.
Microbio l . 6 4 : 260 –268 . ht tp : / /dx .do i .org /10 .1111/ j .1365
-2958.2007.05671.x.

3. Ffrench-Constant R, Waterfield N, Daborn P, Joyce S, Bennett H, Au C,
Dowling A, Boundy S, Reynolds S, Clarke D. 2003. Photorhabdus:
towards a functional genomic analysis of a symbiont and pathogen. FEMS
Microbiol. Rev. 26:433– 456. http://dx.doi.org/10.1111/j.1574
-6976.2003.tb00625.x.

4. Han RC, Ehlers R-U. 1999. Trans-specific nematicidal activity of Photo-

crossmark

Genome AnnouncementsNovember/December 2014 Volume 2 Issue 6 e01268-14 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01268-14&domain=pdf&date_stamp=2014-12-11
http://genomea.asm.org


rhabdus luminescens. Nematology 1:687– 693. http://dx.doi.org/10.1163/
156854199508711.

5. Qiu X, Han R, Yan X, Liu M, Cao L, Yoshiga T, Kondo E. 2009.
Identification and characterization of a novel gene involved in the trans-
specific nematicidal activity of Photorhabdus luminescens LN2. Appl. En-
viron. Microbiol. 75:4221– 4223. http://dx.doi.org/10.1128/AEM.02967
-08.

6. Qiu X, Yan X, Liu M, Han R. 2012. Genetic and proteomic character-
ization of rpoB mutations and their effect on nematicidal activity in Pho-
torhabdus luminescens LN2. PLoS One 7:e43114. http://dx.doi.org/
10.1371/journal.pone.0043114.

7. Delcher AL, Harmon D, Kasif S, White O, Salzberg SL. 1999. Improved
microbial gene identification with GLIMMER. Nucleic Acids Res. 27:
4636 – 4641. http://dx.doi.org/10.1093/nar/27.23.4636.

8. Burge SW, Daub J, Eberhardt R, Tate J, Barquist L, Nawrocki EP, Eddy SR,
Gardner PP, Bateman A. 2013. Rfam 11.0: 10 years of RNA families. Nucleic
Acids Res. 41:D226–D232. http://dx.doi.org/10.1093/nar/gks1005.

9. Lagesen K, Hallin P, Rødland EA, Staerfeldt HH, Rognes T, Ussery
DW. 2007. RNAmmer: consistent and rapid annotation of ribosomal
RNA genes. Nucleic Acids Res. 35:3100 –3108. http://dx.doi.org/10.1093/
nar/gkm160.

10. Schattner P, Brooks AN, Lowe TM. 2005. The tRNAscan-SE, snoscan
and snoGPS web servers for the detection of tRNAs and snoRNAs. Nucleic
Acids Res. 33:W686 –W689. http://dx.doi.org/10.1093/nar/gki366.

11. 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.

12. Duchaud E, Rusniok C, Frangeul L, Buchrieser C, Givaudan A, Taourit
S, Bocs S, Boursaux-Eude C, Chandler M, Charles JF, Dassa E, Derose
R, Derzelle S, Freyssinet G, Gaudriault S, Médigue C, Lanois A, Powell
K, Siguier P, Vincent R, Wingate V, Zouine M, Glaser P, Boemare N,
Danchin A, Kunst F. 2003. The genome sequence of the entomopatho-
genic bacterium Photorhabdus luminescens. Nat. Biotechnol. 21:
1307–1313. http://dx.doi.org/10.1038/nbt886.

13. Ghazal S, Hurst SG, Morris K, Abebe-Akele F, Thomas WK, Badr UM,
Hussein MA, Abouzaied MA, Khalil KM, Tisa LS. 2014. Draft genome
sequence of Photorhabdus luminescens strain BA1, an entomopathogenic
bacterium isolated from nematodes found in Egypt. Genome Announc.
2(2):e00396-14. http://dx.doi.org/10.1128/genomeA.00396-14.

14. Park GS, Khan AR, Hong SJ, Jang EK, Ullah I, Jung BK, Choi J, Yoo
NK, Park KJ, Shin JH. 2013. Draft genome sequence of entomopatho-
genic bacterium Photorhabdus temperata strain M1021, isolated from
nematodes. Genome Announc. 1(5):e00747-13. http://dx.doi.org/
10.1128/genomeA.00747-13.

15. Wilkinson P, Waterfield NR, Crossman L, Corton C, Sanchez-
Contreras M, Vlisidou I, Barron A, Bignell A, Clark L, Ormond D,
Mayho M, Bason N, Smith F, Simmonds M, Churcher C, Harris D,
Thompson NR, Quail M, Parkhill J, Ffrench-Constant RH. 2009. Com-
parative genomics of the emerging human pathogen Photorhabdus asym-
biotica with the insect pathogen Photorhabdus luminescens. BMC Genom-
ics 10:302. http://dx.doi.org/10.1186/1471-2164-10-302.

16. Chaston JM, Suen G, Tucker SL, Andersen AW, Bhasin A, Bode E, Bode
HB, Brachmann AO, Cowles CE, Cowles KN, Darby C, de Léon L,
Drace K, Du Z, Givaudan A, Herbert Tran EE, Jewell KA, Knack JJ,
Krasomil-Osterfeld KC, Kukor R, Lanois A, Latreille P, Leimgruber
NK, Lipke CM, Liu R, Lu X, Martens EC, Marri PR, Médigue C,
Menard ML, Miller NM, Morales-Soto N, Norton S, Ogier JC, Orchard
SS, Park D, Park Y, Qurollo BA, Sugar DR, Richards GR, Rouy Z,
Slominski B, Slominski K, Snyder H, Tjaden BC, van der Hoeven R,
Welch RD, Wheeler C, Xiang B, Barbazuk B, et al. 2011. The ento-
mopathogenic bacterial endosymbionts Xenorhabdus and Photorhabdus:
convergent lifestyles from divergent genomes. PLoS One 6:e27909. http://
dx.doi.org/10.1371/journal.pone.0027909.

17. Lanois A, Ogier JC, Gouzy J, Laroui C, Rouy Z, Givaudan A, Gaudriault
S. 2013. Draft genome sequence and annotation of the entomopathogenic
bacterium Xenorhabdus nematophila strain F1. Genome Announc. 1(3):
e00342-13. http://dx.doi.org/10.1128/genomeA.00342-13.

18. Gualtieri M, Ogier JC, Pagès S, Givaudan A, Gaudriault S. 2014. Draft
genome sequence and annotation of the entomopathogenic bacterium
Xenorhabdus szentirmaii strain DSM16338. Genome Announc. 2(2):
e00190-14. http://dx.doi.org/10.1128/genomeA.00190-14.

Qiu et al.

Genome Announcements2 genomea.asm.org November/December 2014 Volume 2 Issue 6 e01268-14

http://genomea.asm.org

	Draft Genome Sequence and Annotation of the Entomopathogenic Bacterium Photorhabdus luminescens LN2, Which Shows Nematicidal Activity against Heterorhabditis bacteriophora H06 Nematodes
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES


