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Genome sequence of the virulent Aeromonas salmonicida
atypical strain T30 isolated from sablefish with furunculosis
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ABSTRACT Aeromonas salmonicida, a Gram-negative bacterium, causes the disease
furunculosis in multiple fish species. We present the complete genome sequence of
the atypical A. salmonicida strain T30, which was isolated from furunculosis in sablefish in
Manchester, WA, USA. Analyzing this genome will help to identify the bacterium’s role in
marine aquaculture.
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A eromonas salmonicida is one of the most important primary pathogens in aquacul-
ture. The “typical” A. salmonicida subspecies salmonicida was first discovered as a
significant pathogen in fish (1). “Atypical” strains are mainly distinguished from “typical”
strains by the absence of characteristic brown pigment on agar cultures (2). Atypical A.
salmonicida impacts marine and freshwater fish due to virulence factors (3-6).

Sablefish (Anoplopoma fimbria) is the highest-valued finfish per pound in Alaska and
West Coast commercial fisheries because of their rich oil content (7). Sablefish aquacul-
ture is expanding, and A. salmonicida infections often occur due to the bacterium’s
ubiquitous occurrence in aquatic environments (8). The atypical A. salmonicida strain
T30, first isolated from net-pen-reared sablefish with an active A. salmonicida infection
at NOAA's Manchester Marine Research Station (Port Orchard, WA), has been verified as
virulent through disease challenge studies (8). It was provided by Joseph Dietrich (NOAA,
NWFSC), inoculated, and stored in our laboratory. A single colony of A. salmonicida T30
was inoculated into tryptic soy broth and incubated at 20°C for 48 h for DNA extraction.
Bacterial genomic DNA was extracted using the Genomic DNA Kit (K182002; Invitrogen,
MA, USA). DNA quantity and quality were assessed by NanoDrop 2000 (Thermo Scientific,
NJ).

DNA was sent (Novogene Corporation, Inc., Sacramento, CA, USA) for whole genome
sequencing. The DNA library was prepared using the NEBNext Ultra DNA library prep
kit (E7370L; New England BioLabs) and sequenced using the Illumina MiSeq sequencer
by Novogene (150bp paired-end reads, 7,547,418 raw reads, 1.1 G). Trimming, error
correction, contig creation, and quality control of sequence reads were conducted using
PATRIC (9). De novo assembly was performed through the Unicycler v0.4.8 pipeline
using PATRIC. The assembly produced 231 contigs with a genome of 4,491,114 bp,
a GC content of 58.81%, and an N50 of 48,077. The genome was annotated using
NCBI PGAP v.6.5 with the best-placed reference protein set, GeneMarkS-2+. A total of
4,197 protein-coding sequences, 88 tRNA genes, 2 rRNA genes, and 4 ncRNA genes
were predicted. The annotation included 857 hypothetical proteins and 3,563 proteins
with functional assignments. The proteins with functional assignments included 1,078
proteins with Enzyme Commission numbers, 890 with Gene Ontology assignments,
and 777 proteins that were mapped to KEGG pathways. Many of the annotated genes
have homology to known transporters, virulence factors, drug targets, and antibiotic
resistance genes (Table 1).
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TABLE 1 Summary of special interest genes

Specialty genes Source No. of genes
Antibiotic resistance CARD 7

Antibiotic resistance NDARO 4

Antibiotic resistance PATRIC 42

Drug target DrugBank 36

Drug target TTD 4
Transporter TCDB 32

Virulence factor PATRIC_VF 15

Virulence factor VFDB 6

Virulence factor Victors 33

The closest reference and representative genomes were identified by Mash/MinHas
(10). PATRIC global protein families were selected from these genomes to determine the
phylogenetic placement (Fig. 1). The protein sequences from these families were aligned
with MUSCLE (11), and the nucleotides for each of those sequences were mapped
to the protein alignment. The joint set of amino acid and nucleotide alignments was
concatenated into a data matrix. RaxML (12) was used to analyze this matrix, with fast
bootstrapping used to generate the support values in the tree (13).
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FIG 1 Phylogenetic tree. PATRIC global protein families (PGFams) were selected from the closest reference and representative
genomes of A. salmonicida to determine the phylogenetic placement.

November 2023 Volume 12 Issue 11 10.1128/MRA.00535-23 2

Downloaded from https://journals.asm.org/journal/mra on 21 December 2023 by 137.75.80.24.


https://doi.org/10.1128/MRA.00535-23

Announcement

ACKNOWLEDGMENTS

This work was funded by a grant from the Western Regional Aquaculture Center (Award
No. 2020-38500-32561).

AUTHOR AFFILIATIONS

'Department of Fish and Wildlife Sciences, College of Natural Resources, University of
Idaho, Moscow, Idaho, USA

Environmental & Fisheries Science Division, Northwest Fisheries Science Center, National
Marine Fisheries Service, National Oceanic and Atmospheric Administration, Newport
Research Station, Newport, Oregon, USA

*Environmental & Fisheries Science Division, Northwest Fisheries Science Center, National
Marine Fisheries Service, National Oceanic and Atmospheric Administration, Manchester
Research Station, Port Orchard, Washington, USA

AUTHOR ORCIDs

Jie Ma © http://orcid.org/0000-0002-2175-8211
Kenneth D. Cain (2 http://orcid.org/0000-0002-9488-0461

FUNDING

Funder Grant(s) Author(s)

UW | SAFS | Western Regional Aquaculture Center  2020-38500-32561 Kenneth D. Cain
(WRAC)

AUTHOR CONTRIBUTIONS

Jie Ma, Data curation, Formal analysis, Investigation, Methodology, Software, Validation,
Writing - original draft, Writing — review and editing | Veronica L. Myrsell, Investiga-
tion, Writing — original draft | Joseph Dietrich, Resources, Writing - review and editing
| Kenneth D. Cain, Conceptualization, Project administration, Resources, Supervision,
Validation, Writing - original draft, Writing - review and editing

DATA AVAILABILITY

This whole-genome sequencing project has been deposited at GenBank under accession
no. JARYHA000000000. The raw data for this project can be found under SRA accession

Microbiology Resource Announcements

no. PRINA961212.

REFERENCES

1.

Hiney M, Olivier G. 1999. Furunculosis (Aeromonas salmonicida), p 341-
425. In Woo P, Bruno D (ed), Fish diseases and disorders lIl: viral, bacterial
and fungal infections. CAB Publishing, Oxford, United Kingdom.

Vasquez |, Hossain A, Gnanagobal H, Valderrama K, Campbell B, Ness M,
Charette SJ, Gamperl AK, Cipriano R, Segovia C, Santander J. 2022.
Comparative genomics of typical and atypical Aeromonas salmonicida
complete genomes revealed new insights into pathogenesis evolution.
Microorganisms 10:189. https://doi.org/10.3390/microorgan-
isms10010189

Burr SE, Stuber K, Wahli T, Frey J. 2002. Evidence for a type Ill secretion
system in Aeromonas salmonicida subsp. salmonicida. J Bacteriol
184:5966-5970. https://doi.org/10.1128/JB.184.21.5966-5970.2002

Rasch M, Kastbjerg VG, Bruhn JB, Dalsgaard I, Givskov M, Gram L. 2007.
Quorum sensing signals are produced by Aeromonas salmonicida and
quorum sensing inhibitors can reduce production of a potential
virulence factor. Dis Aquat Organ 78:105-113. https://doi.org/10.3354/
dao01865

Reith ME, Singh RK, Curtis B, Boyd JM, Bouevitch A, Kimball J, Munhol-
land J, Murphy C, Sarty D, Williams J, Nash JH, Johnson SC, Brown LL.
2008. The genome of Aeromonas salmonicida subsp. salmonicida A449:

November 2023 Volume 12 Issue 11

insights into the evolution of a fish pathogen. BMC Genomics 9:427.
https://doi.org/10.1186/1471-2164-9-427

Dallaire-Dufresne S, Tanaka KH, Trudel MV, Lafaille A, Charette SJ. 2014.
Virulence, genomic features, and plasticity of Aeromonas salmonicida
subsp. salmonicida, the causative agent of fish furunculosis. Vet
Microbiol 169:1-7. https://doi.org/10.1016/j.vetmic.2013.06.025

Siwicke KA, Malecha PW. 2023. The 2022 longline survey of the Gulf of
Alaska and eastern Aleutian Islands on the FV Alaskan leader: cruise
report AL-22-01. U.S. Department of Commerce, NOAA Technical
Memorandum NMFS-AFSC-467,37 p.

Arkoosh MR, Dietrich JP, Rew MB, Olson W, Young G, Goetz FW. 2018.
Exploring the efficacy of vaccine techniques in juvenile sablefish,
Anoplopoma fimbria. Aquac Res 49:205-216. https://doi.org/10.1111/are.
13449

Davis JJ, Wattam AR, Aziz RK, Brettin T, Butler R, Butler RM, Chlenski P,
Conrad N, Dickerman A, Dietrich EM, Gabbard JL, Gerdes S, Guard A,
Kenyon RW, Machi D, Mao C, Murphy-Olson D, Nguyen M, Nordberg EK,
Olsen GJ, Olson RD, Overbeek JC, Overbeek R, Parrello B, Pusch GD,
Shukla M, Thomas C, VanOeffelen M, Vonstein V, Warren AS, Xia F, Xie D,
Yoo H, Stevens R. 2020. The PATRIC bioinformatics resource center:

10.1128/MRA.00535-23 3

Downloaded from https://journals.asm.org/journal/mra on 21 December 2023 by 137.75.80.24.


https://www.ncbi.nlm.nih.gov/nuccore/JARYHA000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA961212
https://doi.org/10.3390/microorganisms10010189
https://doi.org/10.1128/JB.184.21.5966-5970.2002
https://doi.org/10.3354/dao01865
https://doi.org/10.1186/1471-2164-9-427
https://doi.org/10.1016/j.vetmic.2013.06.025
https://doi.org/10.1111/are.13449
https://doi.org/10.1128/MRA.00535-23

Announcement

November 2023 Volume 12

expanding data and analysis capabilities. Nucleic Acids Res 48:D606-
D612. https://doi.org/10.1093/nar/gkz943

Ondov BD, Treangen TJ, Melsted P, Mallonee AB, Bergman NH, Koren S,
Phillippy AM. 2016. Mash: fast genome and metagenome distance
estimation using MinHash. Genome Biol. 17:132. https://doi.org/10.
1186/513059-016-0997-x

Edgar RC. 2004. MUSCLE: multiple sequence alignment with high
accuracy and highthroughput. Nucleic Acids Res 32:1792-1797. https://
doi.org/10.1093/nar/gkh340

Issue 11

12.

13.

Microbiology Resource Announcements

Stamatakis A. 2014. RAXML version 8: a tool for phylogenetic analysis
and post-analysis of largephylogenies. Bioinformatics 30:1312-1313.
https://doi.org/10.1093/bioinformatics/btu033

Stamatakis A, Hoover P, Rougemont J. 2008. A rapid bootstrap algorithm
for the RAXML webservers. Syst Biol 57:758-771. https://doi.org/10.
1080/10635150802429642

10.1128/MRA.00535-23 4

Downloaded from https://journals.asm.org/journal/mra on 21 December 2023 by 137.75.80.24.


https://doi.org/10.1093/nar/gkz943
https://doi.org/10.1186/s13059-016-0997-x
https://doi.org/10.1093/nar/gkh340
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.1080/10635150802429642
https://doi.org/10.1128/MRA.00535-23

	Genome sequence of the virulent Aeromonas salmonicida atypical strain T30 isolated from sablefish with furunculosis

