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RESEARCH ARTICLE

Microbial Community and Genome Structure in
Coastal Seawater From a Commercial Port and Nearby
Offshore Island in Northern Taiwan

Chi-Yu Shih a,b,c,*, Ching-Hsiang Chin d, Shiow-Yi Chen a,d, Chun-Ru Hsu a,b,d,
Lee-Kuo Kang a,b,c, Wen-Shyong Tzou a,b,d,**

a Center of Excellence for the Oceans, National Taiwan Ocean University, Keelung, Taiwan
b Taiwan Ocean Genome Center, National Taiwan Ocean University, Keelung, Taiwan
c Bachelor Degree Program in Marine Biotechnology, National Taiwan Ocean University, Taiwan
d Department of Bioscience and Biotechnology, National Taiwan Ocean University, Keelung, Taiwan

Abstract

The pollution stemming from the use of petroleum by boats, the presence of deceased marine life, hazardous
chemicals, and wastewater is a major issue in human-made commercial ports. This pollution poses a considerable
challenge to the diverse organisms inhabiting the seawater. To comprehend the impact of this pollution on the
microbiome, we conducted a study in which we collected surface water samples from a commercial port called Keelung
Port, as well as a nearby offshore island known as Keelung Islet. These locations are situated in northern Taiwan, along
the Northwestern Pacific Ocean.
Through the use of whole-metagenome shotgun sequencing, we made an intriguing discovery regarding the bacterial

composition in the seawater of Keelung Port. Pseudomonadota emerged as the predominant phylum, with notable
abundance observed in Oceanospirillaceae, Rhodobacteraceae, Halieaceae, and Arcobacteraceae families. In contrast,
Keelung Islet exhibited the highest abundance of Flavobacteriaceae, alongside a noteworthy presence of Euryarchaeota
and Uroviricota. These findings provide compelling evidence of the significant impact human activities have on the
microbial community within the seawater of commercial ports. These human activities cause notable alterations in the
original microbial composition observed in Keelung Islet. Functional analysis of Kyoto Encyclopedia of Genes and
Genomes (KEGG) and Clusters of Orthologous Groups of proteins (COG) revealed that microbes in the seawater of
Keelung Port have the ability to degrade oil pollution, adapt to their environment through gene products for sulfur and
nitrogen metabolisms, and exhibit hallmarks such as chemotaxis, biofilm formation, and secretion systems.
Exploration of the microbial genome derived from the coastal seawater of the commercial port also led to the discovery

of three distinct genomic islands, each harboring an array of genes. Within these genetic islands, we uncovered com-
ponents such as tyrosine-type recombinase/integrase, DNA-invertase, immunity protein, helix-turn-helix domain, and
glutathione-regulated potassium-efflux system protein. This significant finding indicates that genomic islands may act as
pivotal elements in facilitating horizontal gene transfer. Such transfers enable microorganisms to adapt more effectively
to the demanding and complex environment found within human-made port settings.

Keywords: Microbiome, Coastal seawater, Commercial port and offshore island, Genomic island, Environmental
adaptation, Northwestern Pacific Ocean
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1. Introduction

I n recent years with the increasing awareness of
environmental protection, there has been a rise in

public concern for environmental issues. Studies of
various industrial pollution [1], urban pollution,
agricultural pollution [2], air pollution [3], water
pollution [4], and soil pollution [5] have shown a
rapid increase in research activities. Additionally,
owing to the decreasing cost and widespread use of
gene sequencing technologies in recent years,
research on microbial species in the environment
that are difficult to cultivate in the laboratory has
also been growing. Next-generation sequencing
techniques have been widely applied in studying
environmental microbial communities, including
16S rRNA sequencing, 18S rRNA sequencing, and
shotgun metagenomic sequencing [6]. Various
software tools have also been developed to analyze
sequencing data.
More and more metagenomics studies investi-

gating the symbiotic bacteria in the intestines of
animals as well as the unculturable microorganisms
in various environments have emerged lately. For
example, there are studies exploring the microbial
composition of seawater, rivers, and harbors. One
study conducted shotgun sequencing on samples
collected from the Apatlaco River in Mexico to un-
derstand the water quality of the river and gain a
deeper understanding of the relationship between
the environment and microbial communities [7]. The
research team further investigated the antibiotic
resistance and heavy metal metabolism of microor-
ganisms in the river. They discovered that anthro-
pogenic pollution creates selective pressure, leading
some bacteria to develop the ability to degrade
polyethylene terephthalate (PET) and polystyrene
[8]. In India, researchers conducted metagenomic
studies on the Ganges River, one of the most heavily
polluted rivers in the world, to explore whether the
microbial communities have changed as a result of
pollution. They collected samples from the Yamuna
River, a tributary of the Ganges, before and after the
monsoon season and found significant differences in
microbial communities. The dominant bacteria in
June were Acinetobacter, while in November, Aero-
monas dominated. They also discovered numerous
gene clusters related to nitrogen and sulfur meta-
bolism, metal tolerance, xenobiotic degradation, and
aromatic compound degradation (such as toluene,
xylene, benzene, and phenol). Additionally, they
found the presence of many antibiotic-resistance
genes and observed that multidrug-resistant (MDR)
genes were predominantly associated with efflux

mechanisms [9]. Furthermore, in S~ao Pedro stream
in Brazil, researchers found that the upstream river
water mainly consisted of common and widespread
bacteria, whereas downstream river water, after
sewage discharge, was contaminated with human
pathogenic bacteria such as Burkholderia, Shigella,
and Salmonella. These bacteria carried antibiotic
resistance and metal tolerance genes, indicating the
pollution and impact caused by human waste [10].
Chinese researchers discovered a decrease in nitro-
gen fixation ability in polluted mangroves sediment
on Hainan Island, along with an increase in methane
production and sulfate reduction, leading to an in-
crease in greenhouse gas emissions. They also found
metal tolerance genes and antibiotic resistance genes
in the bacteria [11]. Another group of Chinese re-
searchers conducted metagenomics analysis on the
surface sediment layer (10 cm) of four sampling
points in the Pearl River Delta of Greater Bay Area.
They found that Planctomycetes and sulfate-reducing
bacteria were correlated with the degree of contam-
ination in the marine sediment. They also discovered
a correlation between the presence of antibiotic
resistance genes and drug efflux genes in bacteria
and the degree of contamination in the marine
sediment [12].
In the context of ports, most of the research has

focused on commercial ports. The unique pollution
from commercial ship fuel includes polycyclic aro-
matic hydrocarbons (PAHs), which exert selective
pressure and further alter the microbial community
composition [13]. For example, researchers studying
commercial ports in the northwestern Mediterra-
nean Sea found that bacteria in the sea surface
microlayer (SML), which is the top 1 mm of the
seabed surface, had the ability to degrade PAHs
[14]. Furthermore, other researchers used Opera-
tional Taxonomic Units (OTUs) analysis techniques
in the West Istria Sea in Croatia and identified a co-
occurrence network among five different genera
within the phylum Actinomycetota, which helps
them adapt to heavy metal and PAH pollution [15].
Additionally, researchers collected microbial sam-
ples from sediments in the coastal areas of the
Mediterranean Sea and the French Atlantic coast
using the same techniques. They discovered a core
co-occurrence network composed of bacteria from
the phyla Gammaproteobacteria and Deltaproteo-
bacteria, archaea from the phyla Thaumarchaeota
and Bathyarchaeota, and eukaryotic organisms such
as protozoa and dinoflagellates. PAHs had the
greatest impact on the predator-prey relationships
between dinoflagellates and Actinomycetota in this
network [16]. In another instance, an oil spill caused
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by a collision between two ships along the coast of
the Bay of Bengal in January 28, 2017, led Indian
scientists to collect seawater and coastal sediment
samples near the accident site on February 1, 2017.
They found a significant presence of Acinetobacter
and Methylococcales within the g-proteobacteria,
and the metabolite analysis revealed a significant
increase in the ability of microorganisms to degrde
xenobiotic compounds [17].
Horizontal Gene Transfer (HGT) has long been

recognized as the primary mechanism for gene
transfer, not only influencing an organism's selec-
tive advantage but also shaping the interconnected
web of life as we know it [18]. In prokaryotes, HGT
primarily occurs through three well-recognized
mechanisms: conjugation, transformation, and
transduction. Detecting HGT generally relies on
identifying phylogenetic conflicts and the presence
of foreign DNA, such as genomic islands. The
detection of phylogenetic conflict involves the con-
struction of reference species and gene trees to
pinpoint discrepancies in branching patterns be-
tween them [19]. Another method of detecting HGT
is by identifying the existence of genomic islands
within a chromosome. Genomic islands are DNA
segments that serve as vehicles for exchanging ge-
netic material between microorganisms. Extensive
evidence suggests that genomic islands play pivotal
roles in environmental adaptation, pathogenesis,
and evolution. By utilizing genomic islands as ve-
hicles for genetic material, HGT becomes an
evolutionary pattern that facilitates the evolution of
microorganisms [20]. Several methods have been
developed to discover genomic islands in microbial
genomes, including the identification of biochemical
features such as tRNA located on one side of the
genomic island, the presence of direct repeats at the
island's borders, analysis of sequence composition,
GC content, and the presence of integrase/recom-
binase/transposase genes. Sequence comparisons
between genome sequences are also used to identify
genomic islands [21]. Genomic islands can serve
various functions that confer advantages to their
host organisms. These functions may include the
integration of genes related to pathogenicity, viru-
lence, symbiosis, antibiotic resistance, toxin pro-
duction, and metabolic processes [20]. For example,
Hackl et al. discovered a novel family of DNA
transposons called “tycheposons” in the marine
picocyanobacterium Prochlorococcus [22]. The pres-
ence of a nitrate assimilation cassette within the
tycheposon of Prochlorococcus serves as clear evi-
dence of environmental adaptation. Furthermore,
an increasing body of evidence demonstrates a high

frequency of horizontal gene transfer occurring
among microorganisms in the oceans [23].
There is limited research on the microbial analysis

of seawater, rivers, and ports in Taiwan. This led us
to wonder if the microbial communities in Keelung
Port, where a large number of cargo ships, cruise
ships, and yachts navigate daily, may be different
from those in other locations and what those dif-
ferences might be. This study aimed to investigate
the microbial species and communities present in
the seawater of Keelung Port and nearby offshore
Keelung Islet as a far less polluted control. We
explored the dominant species in the microbial
communities and predicted gene functions associ-
ated with microbes found in the seawater of two
sampling sites.

2. Materials and methods

Seawater was collected from Keelung Port and
Keelung Islet, with the latitude and longitude co-
ordinates of the sampling locations being 25�705300N
121�4402600E and 25�1102200N 121�470300E, respectively
(Fig. 1). The sampling times for the two locations
were 8:30 am on July 19th and 8:30 am on July 20th,
2022, at Keelung Port and Keelung Islet in the sea,
respectively. 10 L of surface seawater was collected
and stored in two plastic bottles with a capacity of
6 L each. A total of 4 bottles containing approxi-
mately 20 L of seawater were transported to the
laboratory at room temperature.
The seawater samples transported to the labora-

tory were quickly filtered through a 1.2 mm filter
paper to remove sediment from the seawater, leav-
ing a clean, sediment-free seawater sample in a
sterile serum bottle. The clean, sediment-free
seawater sample was then filtered through a 0.20 mm
filter membrane, retaining the membrane and the
microorganisms on it. The membrane was cut into
strips of 1 cm width using sterile scissors and for-
ceps, packed into a 50 mL centrifuge tube, labeled,
and stored in a �20 �C freezer.
Total genomic DNA from samples was extracted

using the column-based method (QIAamp Power-
Fecal DNA Kit, Qiagen). All the samples were pro-
cessed separately. Sequencing was performed on
DNA extracted from seawater for whole genome
sequencing to construct a library without PCR
amplification or selection to avoid artificial errors
caused by PCR amplification. After library con-
struction, the sequencing samples went through the
quality control steps and then were sequenced on
the Illumina NovaSeq 6000 platform to obtain
sequence information from the sample.
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SqueezeMeta software was used for sequence
analysis [24,25]. SqueezeMeta-1.5.0 was used to
conduct the analysis of raw data from the whole-
metagenome shotgun sequencing. “Coassembly”
mode in SqueezeMeta was adopted. In such a
running mode, we used Trimmomatic [26]for
filtering, MEGAHIT [27] for assembly, Bowtie2 [28]
for mapping, diamond run for COG [29], Pfam [30]
and KEGG [31] annotation, and MaxBin [32], Meta-
BAT2 [33], and DAS Tool [34] for binning. We used
DIAMOND [35] runs for KEGG ID (orthologs)
annotation against the latest publicly available
version of KEGG database. KEGG pathway analysis
was achieved by using SQMtools [25] using output of
SqueezeMeta as input. TPM for KEGG and COG
analysis was used as the measurement of abundance.
Additionally, R and in-house Python scripts were
used for data visualization to facilitate observation.
We used IslandViewer 4 [36] to search for genomic
islands in the assembled genomes. tRNAscan-SE [37]
was used to search for tRNA sites. Pfam and hhsuite
(https://github.com/soedinglab/hh-suite) [38], a
remote homolog detection tool, was used to predict
the molecular function of the protein. Only evalue
(1e-10) was setup as the cutoff (for HMMER3 [39]).
REPuter was used to reveal the direct repeat se-
quences on the borders of the genomic islands [40].

3. Results and discussion

3.1. Taxonomic analysis using whole-metagenome
shotgun sequencing on the seawater from Keelung
Port and Keelung Islet

We collected the seawater from two sampling
sites, Keelung Port and Keelung Islet in July, 2022.
Both sampling sites are located in the Northwestern

Pacific Ocean and in the northeastern tip of Taiwan
(Fig. 1). Keelung Port is the second biggest com-
mercial port in Taiwan and Keelung Islet is an iso-
lated island 7.8 km from Keelung port. Metagenome
data were obtained from DNA extracted from the
seawater samples (see Materials and Methods).
We used SqueezMeta [24] to analyze the fastq

data and found a total of 1,020,375 contigs with a
total length of 799,913,040 base pairs (bps). The
longest contig was 555,513 bp, while the shortest
was 200 bp. N50 and N90 were 908 and 362 bps,
respectively. In the seawater samples from Keelung
Port and Keelung Islet, there were a total of 867,996
and 1,136,246 open reading frames (ORF) fragments,
respectively. After comparing these fragments to
KEGG database, 416,790 and 393,790 ORFs were
identified and screened to obtain 389,685 and
362,192 high-quality ORFs. In addition to the KEGG
database, comparisons were also made to COG
database, resulting in 540,739 and 503,762 ORFs,
which were subsequently screened to obtain 506,128
and 466,909 high-quality ORFs. Furthermore, com-
parisons to the Pfam protein family database yiel-
ded 338,401 and 298,638 ORFs for the two samples,
respectively.
Subsequently, we investigated the taxonomy of

contigs. At the phylum level, Pseudomonadota and
Bacteroidota were the two most abundant phyla. In
the seawater of Keelung Port, 53.1% and 16.2% of
microbes detected belong to Pseudomonadota
and Bacteroidota, respectively. 13.2% and 10.2% of
microbes detected belonged to Unclassified and
Unmapped. In the seawater of Keelung Islet,
25.5% and 15.9% of microbes detected belonged
to Unclassified and Unmapped. 13.7% and 7.6%
of microbes detected belong to Pseudomonadota
and Bacteroidota, respectively (Fig. 2). Moreover,

Fig. 1. Map of the sampling sites of seawater. (A) The sampling site is in northern Taiwan facing the Northwestern Pacific Ocean. (B) Sampling
points. Sampling sites in a commercial port (Keelung Port) are denoted as orange circles and those in a nearby offshore island (Keelung Islet) as blue
boxes.
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Euryarchaeota and Uroviricota comprised 6.0% and
4.0%, respectively.
At the family level, the most abundant classified

families in Keelung Port were Oceanospirillaceae
(12.8%), followed by Rhodobacteraceae (9.3%), Fla-
vobacteriaceae (7.2%), Halieaceae (3.4%) and Arco-
bacteraceae (3.3%). In Keelung Islet, the most
abundant classified family was Flavobacteriaceae
(3.9%) (Supplementary Fig. S1). At the species level,
the classified species with the highest abundance in
Keelung Port sample was Marinobacterium (5.8%).
Interestingly, we found a major phage Myoviridae

(phylum Uroviricota) (2.4%) in Keelung Islet
seawater. Myoviridae is a family of lytic phage with
bacteria and archaea as the hosts. It had been found
in the North Sea and the photic zone in the Pacific
Ocean [41,42].
Numerous members within the Oceanospirillaceae

family have the capability to break down petroleum
compounds and secrete bactericidal compounds or
melanin [43e47]. Rhodobacteraceae is a widely
distributed species in seawater, especially in shallow
water and surface sediments. Halieaceae is a gram-
negative bacterium and is typically found in coastal,
open, and deep-sea waters [48]. Arcobacteraceae has
an unusually wide range of habitat distribution with
the highest prevalence found in raw sewage and
wastewater treatment plants, and some of its species
may be pathogens of humans and animals [49].
In Keelung Islet, unlike Keelung Port, there was

no clear dominance of specific species. Instead, the
most abundant species were unknown, with only
possible classification as bacteria, archaea, or eu-
karyotes. However, we could infer that the microbial
community in Keelung Islet sample is very different
from that in the Keelung Port sample, which was

dominated by bacteria, because there was a signif-
icant proportion of archaea and eukaryotes in
Keelung Islet.

3.2. Functional analysis using KEGG

We discovered 10 KEGG functions with a higher
abundance in the KEGG functions in Keelung
Islet than in Keelung Port (Fig. 3): ribonucleoside-
diphosphate reductase alpha chain, ribonucleoside-
diphosphate reductase beta chain, thymidylate
synthase (FAD), T4 virus DNA polymerase, DNA
primase/helicase, T7 virus DNA-directed DNA po-
lymerase, twinkle protein, photosystem II P680 re-
action center D1 protein, chaperonin GroEL, and
trimeric autotransporter adhesin. These functions
are involved with DNA synthesis, pyrimidine
metabolism, carbon metabolism, DNA replication,
protein folding, cell adhesion and infection of host
cells, photosystems and viral DNA synthesis.
In contrast, KEGG functions with higher abun-

dance in Keelung Port than in Keelung Islet were
DNA polymerase I, iron complex outer membrane
receptor protein, 3-oxoacyl-[acyl-carrier protein]
reductase, putative transposase, and acyl-CoA de-
hydrogenase. These functions are involved in DNA
synthesis, iron metabolism, fatty acid synthesis,
transposition, and fat and nucleic acid metabolism.
KEGG function analysis also showed that the four

most abundant functions associated with antibiotics
resistance were more abundant in Keelung Port than
in Keelung Islet (Fig. 4). These functions were K11004
(ATP-binding cassette, subfamily B, bacterial HlyB/
CyaB, ABC transporters), K12541 (ATP-binding
cassette, subfamily C, bacterial LapB, ABC trans-
porters), K06147 (ATP-binding cassette, subfamily B),
and K05595 (multiple antibiotic resistance protein).
These functions, associated with ATP-binding

cassette transporters and multiple antibiotic resis-
tance proteins, are well-known contributors to bac-
terial resistance against antibiotics [50,51]. The
elevated abundance of these functions in Keelung
Port indicates a potentially higher capacity for
antibiotic resistance among microbial communities
in this particular environment. The presence of
higher levels of antibiotic resistance-associated
functions in Keelung Port raises concerns about the
potential for increased antibiotic resistance in the
surrounding ecosystem. This finding underscores
the importance of monitoring and understanding
the factors that contribute to antibiotic resistance in
order to develop effective strategies for mitigating
the spread and impact of antibiotic resistance in
aquatic environments like Keelung Port.

Fig. 2. Microbial composition (in percentage of phylum) in Keelung Port
and Keelung Islet. The distribution of major contributing phyla based on
the analysis of whole-metagenome shotgun sequencing.
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Fig. 3. Heatmaps showing the relative abundance (in tpm) of KEGG orthologs. Samples were collected from Keelung Port (KL_port) and Keelung Islet
(KL_islet), respectively.

Fig. 4. Heatmaps showing the relative abundance (in tpm) of the antibiotics resistance. Samples were collected from Keelung Port (KL_port) and
Keelung Islet (KL_islet), respectively.

JOURNAL OF MARINE SCIENCE AND TECHNOLOGY 2023;31:574e585 579



3.3. Functional analysis using COG

The COG analysis demonstrated that the top 15
proteins with the highest abundance were identi-
fied as Histidine kinase, Ribonucleotide reductase
(alpha subunit), DNA polymerase I -30-50 exonu-
clease and polymerase domains, DNA primase
(bacterial type), NAD-dependent aldehyde dehy-
drogenase, Cation/multidrug efflux pump, Ribo-
nucleotide reductase (beta subunit), Nucleoside-
diphosphate-sugar epimerase, 50-30 exonuclease
(including N-terminal domain and Poll), Dehydro-
genase with different specificities (related to short-
chain dehydrogenase), Thiol-disulfide isomerase
and thioredoxins, predicted alternative thymidylate
synthase, Acyl-CoA dehydrogenase, Enoyl-CoA
hydratase/carnitine racemase, and Acyl-CoA syn-
thetase (AMP-forming)/AMP-acid ligase II (Fig. 5).
Histidine Kinases, which are part of the two-

component system, are conserved signaling ele-
ments present in bacteria and function as key reg-
ulators in regulating the virulence of pathogenic
bacteria. Histidine kinase can not only sense the
environmental cues but can also orchestrate the
transcription [52].
The functions that showed higher abundance in

the Keelung Port sample than in the Keelung Islet
sample were related to signal and substance trans-
mission, energy production, fatty acid metabolism
and multidrug efflux. In Keelung Islet, the proteins
related to DNA replication and repair as well as

nucleotide transport and DNA excision showed
higher abundance.

3.4. Biological pathway analysis using KEGG

We also discovered KEGG pathways highly
abundant in the seawater of Keelung Port or
Keelung Islet. Pathways abundant in Keelung Port
include ko00010 Glycolysis/Gluconeogenesis,
ko00624 Polycyclic aromatic hydrocarbon degra-
dation, ko00910 Nitrogen metabolism, ko00920
sulfur metabolism, ko02030 Bacterial chemotaxis,
ko05111 Biofilm formation, and ko03070 Bacterial
secretion system. However, Pathways abundant in
Keelung Islet include ko03030 DNA replication,
ko03410 Base excision repair and ko03420 Nucleo-
tide excision repair.
These results were consistent with the function

analysis of KEGG and COG. Functional analysis of
KEGG and COG revealed that microbes in the
seawater of Keelung Port potentially have the ability
to degrade oil pollution, adapt to their environment
through gene products for sulfur and nitrogen me-
tabolisms, and exhibit hallmarks such as chemo-
taxis, biofilm formation, and secretion systems.
We found a distinct microbiome and its associated

functions in the seawater from Keelung Port, in
comparison with those from Keelung Islet. This
observation coincided with the water quality in
Keelung Harbor, which has approximately 140
discharge outlets from Keelung city and collects the

Fig. 5. Heatmaps showing the relative abundance (in tpm) of COG. Samples were collected from Keelung Port (KL_port) and Keelung Islet (KL_islet),
respectively.
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effluent of four drainage channels (Port of Keelung
Environmental Report, https://www.twport.com.tw/
Upload/A/RelFile/CustomPage/3834/5a2f2557-4f97-
4bee-9a7f-73a23404f3a8.pdf). The polluted water
provides nutrition and poses an environmental
challenge for the microbes, despite the efforts of the
runoff wastewater interceptors.

3.5. Genomic islands discovered from the binning
results of metagenomes

We assembled the genomes using binning
methods, resulting in 132 genomes. Subsequently,
we chose two genomes with high completeness
(>90%) and low contamination (<10%). This process
of binning yielded two genomes meeting the criteria
of high completeness and low contamination: Bin.01
(95.55% and 5.4%, completeness and contamination,
respectively) and Bin.02 (92.02% and 7.7%). Bin.01
was classified to phylum Bacteroidota (family Fla-
vobacteriaceae) and Bin.02 was classified to phylum
Pseudomonadota (family Bacteriovoracaceae, genus
Bacteriovorax). Both of them were more abundant in
the seawater of Keelung Port than in Keelung Islet
(202 fold more abundant for both Bins). Bin.01 is 2.14
Mbases (GC 37.12%) in length and Bin.02 3.67
Mbases in length (GC 37.24%).
Interestingly, we found two genomic islands in

Bin.01 and one Bin.02. For all genomic islands
identified, characteristic low GC content, bordered
direct repeat, and tRNA genes are all revealed (Figs.
6e8). In Bin.01, genomic islands 01 and 02 harbor six

(Fig. 6) and seven genes (Fig. 7), respectively. In
Bin.02, genomic island 01 contains 10 genes (Fig. 8).
For all the genomic islands, the transcription
orientation is either one direction or bi-directions
divided in the middle of the island. While some of
the genes encode protein with no functional anno-
tation, we used remote homolog detection to
discover the function.
Genomic island 01 of Bin.01 harbors Lipoprotein,

Helix-turn-helix domain, Immunity protein 9, and
tyrosine-type recombinase/integrase. Genomic is-
land 02 of Bin.01 harbors Tyrosine recombinase
XerC, 30S ribosomal protein S21, Acyl-CoA dehy-
drogenase, helix-hairpin-helix domain-containing
protein, alanine:cation symporter family protein,
Glutathione-regulated potassium-efflux system
protein KefC and PspC domain-containing protein.
Genomic island 01 of Bin.02 harbors AsmA (as-

sembly of outer membrane proteins), ATP-depen-
dent RecD-like DNA helicase, AAA (ATPases
Associated with diverse cellular Activities)-like
domain, Peptidase C39 family, Replication initiation
factor, helix-turn-helix domain-containing protein
and tyrosine recombinase XerC.
Genomic islands [53] have been discovered in

seawater and proved to confer tolerance of copper
and oxidative stress on coastal marine Synechococcus
[54,55] and have a wide distribution in the envi-
ronment [56]. Even the diversification of a pelagic
Polynucleobacter species was shown to be driven by
genomic islands [57]. Our findings highlight the
presence of genomic islands in the assembled

Fig. 6. GC content (A) and genomic island 01 (B) in the genome of Bin.01 (family Flavobacteriaceae) discovered in the costal seawater of Keelung Port.
(A) GC content in percentage using the scanning window of 3000 bps. (B) Gene clusters in the genomic island are shown. tRNA genes are labeled with
yellow triangles. “DR” (in a red circle) indicates a direct repeat on two flanking of the genomic islands.
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genomes and their potential role in conferring
unique functionalities to the microorganisms in
Keelung Port. Acyl-CoA dehydrogenase (discovered
in Genomic island 01 of Bin.01) is capable of cata-
lyzing the initial step in fatty acid b-oxidation and
associated with the regulation of redox status. Acyl-
CoA dehydrogenase was found to be abundant in
the seawater of Keelung Port in KEGG function

analysis. Alanine:cation symporter family protein
(discovered in Genomic island 02 of Bin.01) is an
active amino acid transporter. AsmA, discovered in
Genomic island 01 of Bin.02, is essential for the as-
sembly of outer membrane proteins in Escherichia
coli. It played a crucial role in the formation of pores
that functioned in the passive diffusion of small
molecules. The identification of these specific genes

Fig. 7. GC content (A) and genomic island 02 (B) in the genome of Bin.01 (family Flavobacteriaceae) discovered in the costal seawater of Keelung Port.
(A) GC content in percentage using the scanning window of 3000 bps. (B) Gene clusters in the genomic island are shown. tRNA genes are labeled with
yellow triangles. “DR” (in a red circle) indicates a direct repeat on two flanking of the genomic islands.

Fig. 8. GC content (A) and genomic island 01 (B) in the genome of Bin.02 (family Bacteriovoracaceae, genus Bacteriovorax) discovered in the costal
seawater of Keelung Port. (A) GC content in percentage using the scanning window of 3000 bps. (B) Gene clusters in the genomic island are shown.
tRNA genes are labeled with yellow triangles. “DR” (in a red circle) indicates a direct repeat on two flanking of the genomic islands.
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within these islands provides valuable insights into
the adaptive mechanisms and potential biological
processes occurring in these microbial communities.
Further research and functional characterization of
these genomic islands and their associated genes
would enhance our understanding of their contri-
bution to the ecology and adaptation of microor-
ganisms in Keelung Port.

4. Conclusion

The main bacterial phylum in the Keelung Port
samples was Pseudomonadota, with high abun-
dance of Oceanospirillaceae, Rhodobacteraceae,
Halieaceae, and Arcobacteraceae. Ocean-
ospirillaceae are bacteria associated with the
degradation of petroleum compounds, which can be
directly linked to the use of fossil fuels by ships in
the port. Arcobacteraceae are associated with
human and animal pathogens. In contrast, there
were many unknown microbes in Keelung Islet
seawater. The high abundance of genes associated
with specific functions in Keelung Islet and Keelung
Port seawater indicates the microbial adaptation to
distinct environments. The identification of genomic
islands offers insights into potential mechanisms of
adaptation, potentially involving the horizontal
transfer of genes. The identification of genomic

islands within the commercial port indicates the
possibility of horizontal gene transfer among mi-
crobes, which could potentially facilitate their
adaptation to stressful environments.
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