
Although Escherichia coli is considered a commensal bac-

terium in humans and mammals, including cetaceans, some 

specific toxin-producing or sequence type (ST) strains are 

known to cause clinical infections. Notably, the ST131 E. coli 

is a globally prevalent, multidrug-resistant clone responsible 

for potential risks to public and animal health. Here, we report 

the complete genome of ST131 E. coli strain GCU-H1, isolated 

from the feces of a captive common bottlenose dolphin 

(Tursiops truncatus) bred in Korea. The strain GCU-H1 

contained a 5,095,519 bp genome with a G + C content of 

50.8%, which comprises a single chromosome and three 

plasmids. Multilocus sequence typing analysis confirmed the 

strain as ST131/PST43, specifically belonging to the C1/H30R 

subclade. Moreover, several genes coding for virulence, 

antimicrobial resistance, and prophages were also detected. 

This study will provide fundamental information on the 

possible emergence of potentially pathogenic E. coli in captive 

marine mammals, thus contributing to our understanding of its 

dissemination in dolphinarium and public health.
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The global dissemination of zoonotic antimicrobial- 

resistant (AMR) bacteria is a serious threat to human and 

animal health, and their emergence in marine mammals, 

including cetaceans, is concerning (Dold, 2014). Further-

more, the emergence of AMR bacteria in marine mammals is 

more plausible in captive than in free-ranging individuals 

because of their frequent contact with humans and the 

antimicrobials used for prophylactic or curative treatment. 

Several cases of fatal infections caused by zoonotic AMR 

bacteria have been reported in captive dolphins bred in a 

dolphinarium (Park et al., 2020); however, the mechanisms of 

AMR in these bacterial isolates have not been adequately 

investigated owing to limited genetic information. Therefore, 

there is an urgent need for genomic information on AMR 

bacteria in captive cetaceans to clarify their potential health 

risks to marine mammals and the humans they encounter.

As in humans and other animals, Escherichia coli has been 

isolated from various aquatic mammals and is one of the most 

prevalent groups of microorganisms in the gastrointestinal 
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tracts of both free-ranging and captive cetaceans (Bai et al., 

2024; Fulham et al., 2020). Considering that certain 

toxin-producing or sequence type (ST) strains of E. coli have 

virulence traits that can cause disease in various host species, 

the bacteria have a strong potential to cause opportunistic or 

fatal infections in marine mammals. However, little is known 

about the diversity and prevalence of E. coli in those animals 

(Gross et al., 2022; Melendez et al., 2019; Sellera et al., 2022).

Among the various STs of potentially pathogenic E. coli, 

ST131 is a globally prevalent AMR clone responsible for 

human and animal infections and represents a common 

extraintestinal pathogenic E. coli (ExPEC) associated with 

urinary tract and bloodstream infections (Hassuna et al., 2024; 

Pitout and DeVinney, 2017). Although the geographical 

distribution of ST131 is not fully understood, it is commonly 

found in clinical infections in Europe, North America, Canada, 

Japan, and Korea (Bevan et al., 2017). Moreover, the potential 

presence of ST131 E. coli has been reported in marine 

sediments and wild marine mammals (Manageiro et al., 2015; 

Mora et al., 2018; Vignaroli et al., 2013). However, its presence 

in captive-bred marine mammals has not yet been reported.

The strain GCU-H1 was isolated from the feces of a 

captive-bred T. truncatus in a dolphinarium in Korea in 2024. 

The bacterial isolate was cultured overnight on tryptic soy 

agar (TSA; Difco) at 37°C, and preliminarily identified as E. 

coli based on the 16S rRNA sequence analysis. Then, the 

bacterial genomic DNA was extracted using the QIAamp 

DNA Mini Kit (Qiagen) and sequenced using a hybrid 

approach combining the PacBio RSII System (Pacific 

Biosciences) and Illumina HiSeq X-10 platform (Illumina), as 

previously described (Lim et al., 2024). The Microbial 

Genome Assembly application (http://www.pacb.com/products 

-and-services/pacbio-systems/sequel/sequel-software/) was 

used to assemble PacBio long reads (599,706,396 bp; 69,247 

reads) and Illumina paired-end reads (905,820,202 bp; 

6,006,018 reads) for error correction using Pilon v1.21 

(Walker et al., 2014). Genome annotation was performed 

using the NCBI Prokaryotic Genome Annotation Pipeline 

(https://www.ncbi.nlm.nih.gov/genome/annotation_prok/).

The sequenced GCU-H1 genome comprised 5,095,519 bp 

(50.8% G + C content, 103.7× coverage), consisting of a 

single chromosome (5,052,029 bp, 50.8% G + C content) 

along with three plasmids, designated pGCU-H1-1 (33,826 

bp, 41.6% G + C content), pGCU-H1-2 (4,946 bp, 48.1% G + 

C content), and pGCU-H1-3 (4,718 bp, 46.9% G + C content), 

comprising 5,061 genes, including 4,728 protein-coding 

sequences, 22 rRNAs, 90 tRNAs, 5 noncoding RNAs, and 216 

pseudogenes (Fig. 1, Table 1). Comparative genome analysis 

Fig. 1. Circular genome maps of the ST131 E. coli strain GCU-H1. The genome was visualized and classified into subsystems using the Comprehensive 

Genome Analysis of Pathosystems Resource Integration Center (PATRIC) server v.3.6.12 (Wattam et al., 2017). CDS-FWD, coding sequences on the 

forward strand; CDS-REV, coding sequences on the reverse strand; AMR, antimicrobial resistance genes; VF, virulence factors. The putative origin of 

replication (oriC) was marked with a red box.
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revealed that strain GCU-H1 exhibited the highest genomic 

relatedness to the available E. coli genomes in the GenBank 

database; thus, the isolate was classified as E. coli.

Multilocus sequence typing (MLST) was performed to 

determine the ST of E. coli strain GCU-H1, using the 

Achtman scheme (seven housekeeping genes: adk, fumC, 

gyrB, icd, mdh, purA, and recA) and the Pasteur scheme (eight 

housekeeping genes: dinB, icdA, pabB, polB, putP, trpA, trpB, 

and uidA) was performed through the PubMLST database 

(https://pubmlst.org/organisms/escherichia-spp), and their 

respective allele numbers and ST were generated, respectively. 

The allele profiles of strain GCU-H1 were 53-40-47-13- 

36-28-29 (Achtman scheme) and 9-1-15-7-4-9-6-9 (Pasteur 

scheme), and their STs were assigned as ST131 (Achtman 

scheme) and PST43 (Pasteur scheme). 

Potential virulence- and AMR-related genes in strain 

GCU-H1 were screened as previously described (Lim et al., 

2024), and several genes (fimH, sat, tsh, iucD, and usp), 

commonly found in ST131 E. coli (Blanco et al., 2013), were 

detected in the genome (Table S1). Therefore, the fimH type 

and serotype of GCU-H1 were predicted in silico using the 

Center for Genomic Epidemiology (https://www.genomice 

pidemiology.org/), revealing that the isolate possessed 

fimH30 and the O25:H4 serotype, and is classified as Clade C 

(Camacho et al., 2009), which could be considered to be a 

virulent type (Barrios-Villa et al., 2018). Among the virotype- 

determining genes (Blanco et al., 2013; Nicolas-Chanoine et 

al., 2014), only sat (secreted autotransporter toxin) gene was 

detected, thus indicating that the strain belonged to virotype C.

Amino acid substitutions in gyrA (D87N and S83L) and 

parC (S80I) within the quinolone resistance-determining 

regions, which confer resistance to quinolones/fluoroquinolones 

(FQ) (Nicolas-Chanoine et al., 2014), were detected among 

the screened AMR-related genes in the GCU-H1 genome 

(Table S2). These results were consistent with the in vitro 

phenotypic antibiotic susceptibility of the isolate, which was 

resistant to all tested FQ antimicrobials (ciprofloxacin, 

levofloxacin, nalidixic acid, norfloxacin, and ofloxacin; 

Table S3). Generally, ST131 is divided into subclades C1/ 

H30R (associated with FQ-resistant strains) and C2/H30-Rx 

(associated with the ESBL encoding CTX-M-15) (Rodríguez- 

Martínez et al., 2021). Therefore, strain GCU-H1 was 

categorized as subclade C1/H30R of clade C in ST131.

Overall, seven prophage regions were identified in the 

GCU-H1 chromosome using the PHASTEST (PHAge Search 

Tool with Enhanced Sequence Translation, https://phastest.ca), 

all of which were intact (score > 90). The estimated sizes of 

the intact prophage regions were 57.9 (Region 1), 50.4 

(Region 2), 51.5 (Region 3), 50.5 (Region 4), 54.2 (Region 5), 

49.4 (Region 6), and 56 kb (Region 7; Table S4).

This study presents the genomic characteristics of ST131 

E. coli, which first emerged in marine mammals in Korea. The 

findings will provide insights into the genomic features and 

potential zoonotic transmission risks and contribute to the 

development of surveillance strategies for monitoring and 

controlling ST131 E. coli in marine animals and environments 

in Korea.

Nucleotide sequence accession number

Escherichia coli GCU-H1 was deposited in the Korean 

Collection for Type Cultures (KCTC) under the deposition 

number KCTC 8663. The complete genome sequence of strain 

GCU-H1 has been deposited in the GenBank database under 

the accession numbers CP178558 (chromosome), CP178559 

(pGCU-H1-1), CP178560 (pGCU-H1-2), and CP178561 

(pGCU-H1-3).

Table 1. General genomic features of the ST131 E. coli  strain GCU-H1

Features Value

Genome size (bp) 5,095,519

Chromosome I 5,052,029

Plasmid (pGCU-H1-1) 33,826

Plasmid (pGCU-H1-2) 4,946

Plasmid (pGCU-H1-3) 4,718

G + C content (%) 50.8

Coverage (total) 103.73 ×

No. of contigs 4

Chromosomes 1

Plasmids 3

Total genes 5,061

Protein coding genes 4,728

tRNAs 90

rRNAs 22

ncRNAs 5

Pseudogenes 216
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