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ABSTRACT Edwardsiella piscicida is a Gram-negative pathogen that is associated with
edwardsiellosis in aquaculture systems worldwide. Here, we report the whole-genome
sequences of three E. piscicida isolates derived from cultured fish in South Korea.

Previous studies (1, 2) revealed that Edwardsiella tarda encompassed three geneti-
cally distinct taxa, namely, E. tarda, Edwardsiella piscicida, and Edwardsiella anguilla-

rum. Recent investigations showed that E. piscicida was one of the most important bac-
terial pathogens in farmed fish (3, 4). Although Edwardsiella ictaluri is the most common
bacterial pathogen in catfish (5, 6), a previous study (7) showed that E. piscicida was more
virulent than E. tarda or E. anguillarum in channel catfish. In this study, we report three
E. piscicida strains, which were isolated from diseased olive flounder (Paralichthys olivaceus)
(two strains) and Korean catfish (Silurus asotus), using hybrid assemblies of Nanopore and
Illumina reads.

Strains KE5 and 18EpOKYJ, which were isolated from diseased olive flounder in 1999
and 2018, respectively, and strain CZ12001, which was isolated from diseased catfish in
2012, were collected from fish farms in South Korea. All strains were identified as E. pisci-
cida using the species-specific primers developed in a previous study (6). A single colony of
each E. piscicida strain grown on tryptic soy agar (Oxoid, Thermo Fisher Scientific, USA) was
inoculated into Luria-Bertani broth (Oxoid) and incubated at 28°C for 18 h. Genomic DNA
was extracted using the Wizard DNA purification kit (Promega, USA) and quantified using a
Qubit v3.0 fluorometer (Thermo Fisher Scientific). The Illumina sequencing library was con-
structed using the Nextera DNA Flex library preparation kit (Illumina, USA) and Nextera
DNA CD indexes (Illumina). Sequencing was performed on an iSeq 100 system (Illumina)
using 150-bp paired-end reads. Long reads were generated on a MinION sequencer
(Oxford Nanopore Technologies [ONT], UK) using a FLO-MIN106 flow cell (ONT), and a
library was constructed using the one-dimensional ligation sequencing kit (SQK-LSK109;
ONT) and barcoding kit (EXP-NBD104; ONT), following the manufacturer’s protocol. Fast5
reads were generated, and base calling and demultiplexing were conducted using
MinKNOW v19.10.1 software (ONT) with a high-accuracy base-calling mode.

FastQC v0.11.9 (8) and MinIONQC v1.4.2 (9) were used to evaluate sequence quality. A
hybrid Nanopore-Illumina de novo assembly was performed using Unicycler v0.4.9 (10) in the
normal assembly mode, including a polishing step with Pilon. The circularity of all contigs was
confirmed by Unicycler. The assembly quality was assessed using Benchmarking Universal
Single-Copy Orthologs (BUSCO) v5.2.2 (11) (data set: lineage enterobacterales_odb10) and
QUAST v5.0.2 (12). Genome annotations were carried out with Prokka v1.14.5 (13). The aver-
age nucleotide identity (ANI) values were determined using fastANI v1.33 (14), in comparison
with E. piscicida ET883T (GenBank accession number JRGQ00000000), E. tarda ATCC 15947T

(GenBank accession numbers CP084506 to CP084509), E. anguillarum ET080813T (GenBank
accession numbers CP006664 to CP006666), and E. ictaluri ATCC 33202T (GenBank accession
number AFJI00000000). Default parameters were used for all software unless otherwise
specified.
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The sequencing and annotation results are summarized in Table 1. A single circular
chromosome was confirmed by Unicycler for all isolates. A unique single circular plas-
mid, with a GC content of 51%, was found in strain 18EpOKYJ. The strain CZ12001 ge-
nome was composed of five contigs, including contig 1 as a circular chromosome
(3,832,345 bp) and four contigs, with circular forms varying in size from 90,212 bp to
10,711 bp, as plasmids with GC contents of 53% to 48%. The ANI values for KE5,
18EpOKYJ, and CZ12001 with respect to the E. piscicida type strain (ET883T) were all
.99%, but those for our strains with respect to E. tarda ATCC 15947T, E. ictaluri ATCC
33202T, and E. anguillarum ET080813T were approximately 84%, 92%, and 95%, respec-
tively. In silico analysis revealed that CZ12001 harbored type IV secretion system gene
clusters in the plasmid.

Data availability. Raw sequences of both Illumina and Nanopore reads were submit-
ted to NCBI SRA with accession numbers SRR14845009 to SRR14845014 under BioProject
number PRJNA738669 and BioSample numbers SAMN19736599, SAMN19736600, and
SAMN19736601. The assembled genome sequences of the three Edwardsiella piscicida iso-
lates were deposited in GenBank with accession numbers CP090962 to CP090969.

ACKNOWLEDGMENTS
This research was supported by the Basic Science Research Program through the

National Research Foundation of Korea (NRF), funded by the Ministry of Education
(grant 2021R1F1A1062251).

REFERENCES
1. Abayneh T, Colquhoun DJ, Sørum H. 2013. Edwardsiella piscicida sp. nov.,

a novel species pathogenic to fish. J Appl Microbiol 114:644–654. https://
doi.org/10.1111/jam.12080.

2. Shao S, Lai Q, Liu Q, Wu H, Xiao J, Shao Z, Wang Q, Zhang Y. 2015. Phyloge-
nomics characterization of a highly virulent Edwardsiella strain ET080813T

encoding two distinct T3SS and three T6SS gene clusters: propose a novel
species as Edwardsiella anguillarum sp. nov. Syst Appl Microbiol 38:36–47.
https://doi.org/10.1016/j.syapm.2014.10.008.

3. Buján N, Toranzo AE, Magariños B. 2018. Edwardsiella piscicida: a signifi-
cant bacterial pathogen of cultured fish. Dis Aquat Organ 131:59–71.
https://doi.org/10.3354/dao03281.

4. Leung KY, Wang Q, Yang Z, Siame BA. 2019. Edwardsiella piscicida: a versa-
tile emerging pathogen of fish. Virulence 10:555–567. https://doi.org/10
.1080/21505594.2019.1621648.

5. Jang MH, Kim KY, Lee YH, Oh YK, Lee JH, Song JY. 2020. Genetic identifica-
tion and biochemical characteristics of Edwardsiella strains isolated from
freshwater fishes cultured in Korea. J Fish Pathol 33:111–118. https://doi
.org/10.7847/JFP.2020.33.2.111.

6. Griffin MJ, Ware C, Quiniou SM, Steadman JM, Gaunt PS, Khoo LH, Soto E.
2014. Edwardsiella piscicida identified in the southeastern USA by gyrB
sequence, species-specific and repetitive sequence-mediated PCR. Dis
Aquat Org 108:23–35. https://doi.org/10.3354/dao02687.

7. Reichley SR, Ware C, Khoo LH, Greenway TE, Wise DJ, Bosworth BG, Lawrence
ML, Griffin MJ. 2018. Comparative susceptibility of channel catfish, Ictalurus

punctatus; blue catfish, Ictalurus furcatus; and channel ($) � blue (#) hybrid
catfish to Edwardsiella piscicida. J World Aquacult Soc 49:197–204. https://doi
.org/10.1111/jwas.12467.

8. Andrews S. 2010. FastQC: a quality control tool for high throughput sequence
data. http://www.bioinformatics.babraham.ac.uk/projects/fastqc.

9. Lanfear R, Schalamun M, Kainer D, Wang W, Schwessinger B. 2019. Min-
IONQC: fast and simple quality control for MinION sequencing data. Bioin-
formatics 35:523–525. https://doi.org/10.1093/bioinformatics/bty654.

10. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial
genome assemblies from short and long sequencing reads. PLoS Comput
Biol 13:e1005595. https://doi.org/10.1371/journal.pcbi.1005595.

11. Manni M, Berkeley MR, Seppey M, Simao FA, Zdobnov EM. 2021. BUSCO update:
novel and streamlined workflows along with broader and deeper phylogenetic
coverage for scoring of eukaryotic, prokaryotic, and viral genomes. Mol Biol Evol
38:4647–4654. https://doi.org/10.1093/molbev/msab199.

12. Gurevich A, Saveliev V, Vyahhi N, Tesler G. 2013. QUAST: quality assess-
ment tool for genome assemblies. Bioinformatics 29:1072–1075. https://
doi.org/10.1093/bioinformatics/btt086.

13. Seemann T. 2014. Prokka: rapid prokaryotic genome annotation. Bioinfor-
matics 30:2068–2069. https://doi.org/10.1093/bioinformatics/btu153.

14. Jain C, Rodriguez-R LM, Phillippy AM, Konstantinidis KT, Aluru S. 2018. High
throughput ANI analysis of 90K prokaryotic genomes reveals clear species
boundaries. Nat Commun 9:5114. https://doi.org/10.1038/s41467-018-07641-9.

TABLE 1 Summary of genome data for the isolates

Strain

Illumina sequencing ONT sequencing

No. of
contigs

Total
length
(bp)

GC
content
(%)

Complete
BUSCOs
(%)

No. of protein-coding
genes

No. of
reads

Coverage
(×)a

No. of
reads N50 (bp)

Coverage
(×)a

KE5 1,596,130 64 148,841 15,650 257 1 3,763,397 59.73 97.7 3,273
18EpOKYJ 1,928,134 76 148,228 19,336 433 2 3,819,771 59.61 97.7 3,338
CZ12001 1,483,432 55 238,076 20,433 623 5 4,058,165 59.29 97.9 3,552
aRounded to the nearest whole number.

Announcement Microbiology Resource Announcements

May 2022 Volume 11 Issue 5 10.1128/mra.00097-22 2

https://www.ncbi.nlm.nih.gov/sra/SRR14845009
https://www.ncbi.nlm.nih.gov/sra/SRR14845014
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA738669
https://www.ncbi.nlm.nih.gov/biosample/SAMN19736599
https://www.ncbi.nlm.nih.gov/biosample/SAMN19736600
https://www.ncbi.nlm.nih.gov/biosample/SAMN19736601
https://www.ncbi.nlm.nih.gov/nuccore/CP090962
https://www.ncbi.nlm.nih.gov/nuccore/CP090969
https://doi.org/10.1111/jam.12080
https://doi.org/10.1111/jam.12080
https://doi.org/10.1016/j.syapm.2014.10.008
https://doi.org/10.3354/dao03281
https://doi.org/10.1080/21505594.2019.1621648
https://doi.org/10.1080/21505594.2019.1621648
https://doi.org/10.7847/JFP.2020.33.2.111
https://doi.org/10.7847/JFP.2020.33.2.111
https://doi.org/10.3354/dao02687
https://doi.org/10.1111/jwas.12467
https://doi.org/10.1111/jwas.12467
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
https://doi.org/10.1093/bioinformatics/bty654
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1093/molbev/msab199
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1093/bioinformatics/btu153
https://doi.org/10.1038/s41467-018-07641-9
https://journals.asm.org/journal/mra
https://doi.org/10.1128/mra.00097-22

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

