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ABSTRACT Here, we report the draft genome sequences of two strains of the fish
pathogen Photobacterium damselae subsp. piscicida, isolated from Salmo salar (SNW-
8.1) and Seriola quinqueradiata (PP3). The identification of a type III secretion system
in the two genomes furthers our understanding of the pathobiology of this sub-
species.

Photobacterium damselae subsp. piscicida, a marine bacterium of the family
Vibrionaceae, is one of the most devastating bacterial pathogens in marine fish

aquaculture (1). Demonstrated virulence factors in this subspecies include the
apoptosis-inducing toxin AIP56 encoded within plasmid pPHDP10 (2) and the
siderophore piscibactin system encoded within plasmid pPHDP70 (3). However,
little is known about additional potential virulence factors. Here, we report that
strains SNW-8.1 and PP3 carry genes of a type III secretion system (T3SS), which
suggests that this virulence factor might constitute a widespread trait within the
subspecies.

Strain SNW-8.1 was isolated from diseased salmon (Salmo salar) in an aquacul-
ture site in Spain, and PP3 was isolated from diseased yellowtail (Seriola quinque-
radiata) in Japan. Isolates were cultured at 25°C on Trypticase soy agar (TSA)
supplemented with 1% NaCl. The two isolates were identified as P. damselae subsp.
piscicida on the basis of their 16S rRNA gene sequences (4) and phenotypical traits
as previously described (5). High-purity genomic DNA was extracted from the two
isolates using the GNOME DNA kit (MP Biomedicals), following the manufacturer’s
recommendations. The library for SNW-8.1 was prepared using the TruSeq DNA
PCR-free kit (Illumina) and sequenced with the Illumina HiSeq 2000 platform (2 �

100-bp paired-end reads), generating 5.7 million reads. For the two genome
sequences, the quality of the raw data was checked using FASTQC tools (https://
www.bioinformatics.babraham.ac.uk/projects/fastqc/). Raw reads of SNW-8.1 were
trimmed using Trimmomatic v0.39 (6). The reads were assembled with SPAdes 3.6 using
default settings (7). The assembly of SNW-8.1 consisted of 641 contigs (�200 bp) with
an N50 value of 13,314 bp, totaling 4,041,749 bp with a G�C content of 40.8%.
Coverage was calculated as 298�. For sequencing library preparation of strain PP3,
genomic DNA was mechanically sheared in a ultrasonicator (Covaris), ends were
enzymatically repaired, and adaptors (Illumina) were ligated. The library was se-
quenced using the Illumina MiSeq platform (2 � 150-bp paired-end reads). This
sequencing generated 2.86 million reads, and the data were assembled with
MEGAHIT v1.0 using default settings (8). The assembly of PP3 consisted of 520
contigs (�200 bp) with an N50 value of 13,455 bp, totaling 4,120,359 bp with a G�C
content of 40.8%. Coverage for PP3 was calculated as 208�. As previously reported
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(9), P. damselae subsp. piscicida genomes contain a large number of repetitive
insertion sequence (IS) elements that explain the large number of contigs yielded
after genome sequence assembly.

The two assembled draft genomes were annotated using the NCBI Prokaryotic
Genome Annotation Pipeline (10). Annotation revealed that the two strains contained
sequences homologous to the virulence plasmids pPHDP10 (encoding the AIP56 toxin)
and pPHDP70 (encoding the siderophore piscibactin iron sequestering system). Nota-
bly, the two strains possessed putative genes for the T3SS, a virulence factor that has
been rarely reported in this fish-pathogenic bacterium so far. Indeed, two draft ge-
nomes of strains isolated in Spain lacked such a secretion system (9). The T3SS inner
membrane channel EscV encoded within SNW-8.1 (locus tag E4T25_07185) and PP3
(locus tag E4T26_05130) genomes was 99% to 100% identical to EscV proteins anno-
tated in the genome of P. damselae subsp. piscicida OT-51443 (11) and in the
pPHDD203 plasmid of the type strain CIP102761 of P. damselae subsp. damselae (12),
as revealed by BLAST search (13). Similarly, SNW-8.1 and PP3 draft genomes encoded
putative T3SS YopR effector proteins (locus tags E4T25_08745 and E4T26_17660,
respectively), which showed �98% identity to YopR proteins of P. damselae subsp.
piscicida OT-51443 and P. damselae subsp. damselae CIP102761. The presence of type
III secretion system genes, in addition to the virulence plasmids pPHDP10 and
pPHDP70, underscores the high pathogenic potential of P. damselae subsp. piscicida
SNW-8.1 and PP3. The draft genomes reported here will be useful for examining
whether the type III secretion system is widespread in other isolates of Photobacterium
damselae subsp. piscicida throughout the world.

Data availability. These two draft genome projects have been deposited at
GenBank/EMBL/DDBJ under the GenBank accession number SRHD00000000, BioProject
accession number PRJNA529569, and BioSample accession number SAMN11269579 for
SNW-8.1 and under the GenBank accession number SRHT00000000, BioProject acces-
sion number PRJNA529570, and BioSample accession number SAMN11269591 for PP3.
The raw reads were deposited in the SRA under accession numbers SRR8902871 (strain
SNW-8.1) and SRR8954861 (strain PP3).

ACKNOWLEDGMENTS
This work has been supported by grant AGL2016-79738-R (AEI/FEDER, EU) from the

Agencia Estatal de Investigación (AEI) of Spain and cofunded by the FEDER Program
from the European Union. The support of Xunta de Galicia (Spain) with grant ED431C
2018/18 is also acknowledged.

REFERENCES
1. Magariños B, Toranzo AE, Romalde JL. 1996. Phenotypic and pathobio-

logical characteristics of Pasteurella piscicida. Annu Rev Fish Dis 6:41– 64.
https://doi.org/10.1016/S0959-8030(96)90005-8.

2. do Vale A, Silva MT, dos Santos NM, Nascimento DS, Reis-Rodrigues
P, Costa-Ramos C, Ellis AE, Azevedo JE. 2005. AIP56, a novel plasmid-
encoded virulence factor of Photobacterium damselae subsp. piscicida
with apoptogenic activity against sea bass macrophages and neutro-
phils. Mol Microbiol 58:1025–1038. https://doi.org/10.1111/j.1365-2958
.2005.04893.x.

3. Osorio CR, Rivas AJ, Balado M, Fuentes-Monteverde JC, Rodríguez J,
Jiménez C, Lemos ML, Waldor MK. 2015. A transmissible plasmid-borne
pathogenicity island encodes piscibactin biosynthesis in the fish patho-
gen Photobacterium damselae subsp. piscicida. Appl Environ Microbiol
81:5867–5879. https://doi.org/10.1128/AEM.01580-15.

4. Osorio CR, Collins MD, Toranzo AE, Barja JL, Romalde JL. 1999. 16S rRNA
gene sequence analysis of Photobacterium damselae and nested PCR
method for rapid detection of the causative agent of fish pasteurellosis.
Appl Environ Microbiol 65:2942–2946.

5. Magariños B, Romalde JL, Bandín I, Fouz B, Toranzo AE. 1992. Pheno-
typic, antigenic, and molecular characterization of Pasteurella piscicida
strains isolated from fish. Appl Environ Microbiol 58:3316 –3322.

6. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for

Illumina sequence data. Bioinformatics 30:2114 –2120. https://doi.org/10
.1093/bioinformatics/btu170.

7. Nurk S, Bankevich A, Antipov D, Gurevich AA, Korobeynikov A, Lapidus
A, Prjibelski AD, Pyshkin A, Sirotkin A, Stepanauskas R, Clingenpeel SR,
Woyke T, McLean JS, Lasken R, Tesler G, Alekseyev MA, Pevzner PA. 2013.
Assembling genomes and mini–metagenomes from highly chimeric
reads, p 158 –170. In Deng M, Jiang R, Sun F, Zhang X (eds), Lecture
notes in computer science, vol 7821. Springer, Berlin, Germany.

8. Li D, Luo R, Liu CM, Leung CM, Ting HF, Sadakane K, Yamashita H, Lam
TW. 2016. MEGAHIT v1.0: a fast and scalable metagenome assembler
driven by advanced methodologies and community practices. Methods
102:3–11. https://doi.org/10.1016/j.ymeth.2016.02.020.

9. Balado M, Benzekri H, Labella AM, Claros MG, Manchado M, Borrego JJ,
Osorio CR, Lemos ML. 2017. Genomic analysis of the marine fish patho-
gen Photobacterium damselae subsp. piscicida: insertion sequences pro-
liferation is associated with chromosomal reorganisations and rampant
gene decay. Infect Genet Evol 54:221–229. https://doi.org/10.1016/j
.meegid.2017.07.007.

10. Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP,
Zaslavsky L, Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI
Prokaryotic Genome Annotation Pipeline. Nucleic Acids Res 44:
6614 – 6624. https://doi.org/10.1093/nar/gkw569.

Abushattal et al.

Volume 8 Issue 21 e00426-19 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/SRHD00000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA529569
https://www.ncbi.nlm.nih.gov/biosample/SAMN11269579
https://www.ncbi.nlm.nih.gov/nuccore/SRHT00000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA529570
https://www.ncbi.nlm.nih.gov/biosample/SAMN11269591
https://www.ncbi.nlm.nih.gov/sra/SRR8902871
https://www.ncbi.nlm.nih.gov/sra/SRR8954861
https://doi.org/10.1016/S0959-8030(96)90005-8
https://doi.org/10.1111/j.1365-2958.2005.04893.x
https://doi.org/10.1111/j.1365-2958.2005.04893.x
https://doi.org/10.1128/AEM.01580-15
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1016/j.ymeth.2016.02.020
https://doi.org/10.1016/j.meegid.2017.07.007
https://doi.org/10.1016/j.meegid.2017.07.007
https://doi.org/10.1093/nar/gkw569
https://mra.asm.org


11. Aoki T, Teru Y, Morimoto N, Kono T, Sakai M, Takano T, Hawke JP, Fukuda
Y, Takeyama H, Hikima JI. 2017. Complete genome sequence of Photo-
bacterium damselae subsp. piscicida strain OT-51443 isolated from yel-
lowtail (Seriola quinqueradiata) in Japan. Genome Announc 5:e00404-17.
https://doi.org/10.1128/genomeA.00404-17.

12. Vences A, Rivas AJ, Lemos ML, Husmann M, Osorio CR. 2017. Chromo-
some-encoded hemolysin, phospholipase, and collagenase in plasmid-

less isolates of Photobacterium damselae subsp. damselae contribute to
virulence for fish. Appl Environ Microbiol 83:e00401-17. https://doi.org/
10.1128/AEM.00401-17.

13. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local
alignment search tool. J Mol Biol 215:403– 410. https://doi.org/10.1016/
S0022-2836(05)80360-2.

Microbiology Resource Announcements

Volume 8 Issue 21 e00426-19 mra.asm.org 3

https://doi.org/10.1128/genomeA.00404-17
https://doi.org/10.1128/AEM.00401-17
https://doi.org/10.1128/AEM.00401-17
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

