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This study was designed to evaluate the bacterial composition of the Labroides dimidiatus and its
surrounding water. Fish and carriage water samples were obtained from corals of the Karah Island in
Terengganu Malaysia. DNA was extracted and the bacteria communities on the skin mucus and stomach
as well as water sample were classified (to family level) using the 16S rRNA-based metagenomics
analysis. 1,426,740 amplicon sequence reads corresponding to 508 total operational taxonomic units
were obtained from the three metagenomics libraries in this study. The Proteobacteria, Bacteroidetes,
Firmicutes, Actinobacteria and Fusobacteria were the most dominant bacterial phyla in all samples. A total
of 36 different classes and 132 families were identified, many of which had shared presence in all samples
while others were exclusive to different sample. Thirty-three of these were identified as pathogenic
zoonotic bacterial. The results obtained indicate a strong influence of host environment on the
composition of its microbiota. Knowing the composition of the microbiota is the first step toward
exploring proper management of this ornamental fish in captivity.

© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Interest in ornamental fish keeping is rapidly growing globally.
It is currently considered the second largest global hobby next to
photography [1]. However, majority of the marine ornamental
fishes are caught from the wild [2]. Hence, understanding the
microbial community associated with wild ornamental fishes
could provide useful information about the husbandry require-
ment, health management, as well as help dictate effective
biosecurity measure for these fishes to be raised in captivity.
Gerzova et al., [3] had earlier suggested the fact that ornamental
fishes are grossly understudied with respect to microbial
communities, and could be potential sources of pathogenic
infections. This is a public health concern in the pet industry
due to the possibility of cross infections (between fishes) and
zoonotic infections (between fish and man). The knowledge of the
susceptibility of these fish to different microbes in the wild could
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help dictate measures that would prevent transfer of potentially
pathogenic bacteria from infected fish to others fish group reared
together in captivity and vice versa.

The Labroides dimidiatus is a very popular marine ornamental
fish accounting for about 36% of the total ornamental imports to
the United States of America [4]. This species is part of a larger
group of fishes commonly known as the “Bluestreak cleaner
wrasse”. The group name reflects their “cleaning behavior” in the
ocean; hence, they play an important ecological role in the coral
reefs [5-7]. Generally, they specialize in removing ecto-parasites,
diseased and injured tissue, as well as unwanted food particles
from the fishes that visit them [8]. This “cleaning” attribute has
also been exploited in the Aquaculture industries in some part of
the world. For instance in Norway, different wrasse species are
commonly used for the control of sea-lice in the Atlantic salmon
(Salmo salar) and rainbow trout (Oncorhynchus mykiss) industries
[9]. Hence, the environmental condition as well as the life cycles of
these fishes could predispose them to a wide range of microbial
infections.

However, there is paucity of information on the bacteria
composition associated with many Bluestreak cleaner wrasse

2215-017X/© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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species. One of the first steps to ensuring a heathy husbandry
condition for aquarium fishes is to have a good understanding of
the microbiome balance [10]. More so, knowledge of the bacterial
communities (pathogenic or not) would help understand the
complex relationship between the bacteria and its host (fish). In
this study therefore, the bacterial composition on the skin and in
the stomach of L. dimidiatus as well as that around in the
surrounding water were investigated. We employed the meta-
genomics technique combined with 16S rRNA gene and the Next
Generation Sequencing (NGS) analyses to identify and compare the
diversities of bacteria observed.

2. Materials and methods
2.1. Sample collection and preparation

Samples of L. dimidiatus (between 0.5-2.8g) were obtained
from different location at the coral area of the Karah Island,
Terengganu Malaysia. The fish caught were immediately trans-
ported to the Anatomy and Physiology Laboratory in the School of
Fisheries and Aquaculture Sciences, Universiti Malaysia Tereng-
ganu for analysis. Ten healthy fish were tranquilized with 150 mg/1
solutions of tricaine methane sulphonate (MS222) [11] and killed
by pitching. They were gently washed thrice with sterile seawater
to remove the dirt on the fish without compromising the microbial
colonies on the skin. The skin mucus was collected by dorsolateral
scraping of the surface of the dead L. dimidiatus specimens with the
aid of a sterile scalpel [12]. The collected mucus (i.e. ten samples
from the ten fish) was placed in 1.5ml microcentrifuge tubes,
centrifuged for 10 min (12, 000 x g for at 4°C) and stored at —80°C
until DNA analysis was done. The technique for sample collection
from the fish stomach used in this study was a modification of
earlier technique reported by Balcazar et al., [12]. The stomach of
the ten fish samples were carefully removed and flashes frozen in
50 ml sterile falcon tubes, and then stored at —80°C until DNA
extraction was done. Water samples for analysis (ten in number)
were earlier collected simultaneously during fish sampling using
the method adopted by Smith et al., [13]. In brief, water samples
were collected in sterilized blue cap bottles, store in cold storage
boxes and transported to the laboratory for analysis.

2.2. DNA extraction

DNA was extracted using the NucleoSpin® Tissue Kit (Machery-
Nagel, Germany) following the manufacturer’s protocol. Samples
of the skin mucus were first centrifuged for 5min (13000rcf)
before DNA was extracted. 25 mg of the collected fish stomach was
homogenised in 50-75 L phosphate buffer saline (PBS). The water
sample on the other hand was conditioned following the method
specified by Wolf et al., [14] before DNA extraction was done. After
DNA extraction from the different samples, the quality (102.69 to
381.87 ng/ul) and concentration (1.8-2.08) was determined (using

biodrop machine) and found to within recommended range before
storage at —20°C.

2.3. 16S rRNA bacterial Amplification

The 16S rRNA gene in this study was amplified using the
universal bacterial primer set 63F (5"-CAGGCCTAACACATG-
CAAGTC-3") and 1389R (5“-ACGGGCGGTGTGTACAAG-3") [15]. A
reaction volume of 50 wL was used for the PCR containing DNA
template, 1 x Reaction Buffer, 2.5 mM MgCl,, 200 M of each dATP,
dCTP, dGTP and dTTP (Vivantis Technologies, Malaysia), 0.5 M of
each primer and 2 U of Taq polymerase (Vivantis Technologies,
Malaysia). The PCR condition were programmed for a 2 min initial
denaturation at 95°C, followed by 24 cycles of denaturation (at
95°C for 30s), annealing (at 53°C for 1min), and extension (at
72°C for 2min) and a final extension at 72°C for 10 min. The
reaction was performed on a PTC-0200 G thermo cycler (Bio-Rad
Laboratories, Inc., USA). Beside PCR clean up done to purify the PCR
product in this study, it is important to state that a negative control
was included in the PCR amplification to ensure there was no
contamination of reagents.

2.4. lllumina library generation: amplicon PCR

In a second PCR, 1 L of amplicon was used. By following the
method described by Bartram et al., [16], the V3 hypervariable
region of the 16S rRNA genes was selected for this method because
of its taxonomic resolution [17], conserved flanking regions [18],
and length [19] (>170 to 190 nucleotides), which is compatible
with paired-end 125-base read assembly. Hence, the V3 region of
the 16S rRNA gene was amplified using modified 341 F and 518R
primers [18]. In addition, the V3 specific priming regions primers
were complementary to the standard [llumina forward and reverse
primers (Table 1). Hence, the primers contained a 6-bp indexing
sequence to allow for multiplexing. Amplification primers were
designed with Illumina adapters. PCR amplifications were carried
out for each sample, using a reaction volume of 25 L containing
12.5 L of 2X KAPA HiFi HotStart Ready Mix, 0.75 L of each 10uM
Forward and Reverse primers, 1 L of 12.5ng/wL DNA templates
and PCR-grade water up to 25puL. The PCR conditions for
amplification were as follows: 95°C initial denaturation for
3 min, followed by 15 cycles of denaturation (at 98 °C for 205s),
annealing (at 67 °C for 15 s) and extension (at 72 °C for 15s), and a
final extension at 72 °C for 1 min. The PCR was performed in a DNA
Engine thermocycler (Bio- Rad, Mississauga, Ontario, Canada).

Using a gel electrophoresis (2% agarose), the PCR products of the
correct size were separated from the primers/primer dimers and
recovered using a Gel Extraction and PCR Purification Combo Kit,
Spin-column (BioTeke Corporation, Beijing, China). The purified
PCR products were then sequenced using Illumina MiSeq Desktop
Sequencer (Illumina, Inc.) (Service provided by the Science Vision
Sdn. Bhd., Malaysia).

Table 1

Primers profiles used for the Illumina library construction.
Sample Primer name Oligonucleotide sequence (5’-3’) Reference
All samples V3_F aatcatacggcgaccaccgagatctacactctttccctacacgacgctcttccgatct CCTACGGGAGGCAGCAG Bartram et al., (2011)
Skin mucus V3_7R caagcagaagacggcatacgagatGATCTGgtgactggagttcagacgtgtgetcttcccgatctATTACCGCGGCTGCTGG Bartram et al., (2011)
Stomach content V3_5R caagcagaagacggcatacgagatCACTGTgtgactggagttcagacgtgtgctcttcccgatct ATTACCGCGGCTGCTGG Bartram et al., (2011)
Carriage Water V3_13R caagcagaagacggcatacgagatCGTACTgtgactggagttcagacgtgtgctcttcccgatctATTACCGCGGCTGCTGG Bartram et al., (2011)
All samples 341F CCTACGGGAGGCAGCAG Muyzer et al., 1993
All samples 518R ATTACCGCGGCTGCTGG Muyzer et al., 1993

Lowercase letters denote adapter sequences necessary for binding to the flow cell, underlined lowercase are binding sites for the Illumina sequencing primers, bold uppercase
highlight the index sequences (the first 12 indexes were obtained from Illumina) and regular uppercase are the V3 region primers (341 F on for the forward primers and 518R

for the reverse primers) (Bartram et al., 2011).



A.N.A. Nurul et al./Biotechnology Reports 20 (2018) e00303 3

2.5. 16S rRNA-Based taxonomic analysis

The generated multi-million reads were trimmed and assembled
using Mothur software [20]. Overlapping regions within Illumina
paired-end reads were aligned to generate “contigs.” If a mismatch
was discovered, the paired end sequences involved in the assembly
were discarded. All sequences with ambiguous base calls were also
discarded. Sequences were then assigned taxonomic affiliations
based on naive Bayesian classification (RDP classifier) [21].

After trimming, screening and alignment of the sequences; they
were assigned to operational taxonomic units of six samples of 16S
rRNA gene fragments. The sequenced data was connected to server
and the fastq file was downloaded. A tab-delimited “oligos” file
containing the primer and barcode information was created. Then,
the Greengenes reference files from the Mothur website (http://
www.mothur.org/wiki/Taxonomy_outline) was downloaded, and
the data analysis was performed. The operational taxonomic units
(OTU) of the bacterial colonies were defined by a pairwise
similarity cutoff of 97% using the Ribosomal Database Project
[22] pyrosequencing pipeline.

3. Results

The total DNA successfully purified from skin mucus, stomach
and water samples was appropriate for the subsequent PCR
amplification (DNA yield ranged between 102.69-381.87 ng/.L;
DNA purity ranged from 1.8 to 2.08). A near-full length of"1400bp
was successfully amplified in all samples for the 16S rRNA gene.
Similarly, a330bp fragment was amplified for the nested PCR (with
V3 regions) in all samples examined. The secondary amplification
created a single amplicon of conserved region for compatibility
with Illumina index and sequencing adapters.

3.1. Bacteria composition in Labroides dimidiatus from Karah Island,
Terengganu Malaysia

Total number of amplicon sequences reads obtained from the
skin mucus and stomach of L. dimidiatus as well as the carriage
water was 1,426,740 reads (Table 2). The highest reads of 731,548
was obtained from the stomach samples, followed by the skin
mucus (455,709 reads), while the carriage water had lower reads of
the study (239,483 reads). In contrast, the operational taxonomy
units (OTU) in the carriage water was more diverse (227) than
those of the skin mucus (164) or stomach samples (117).

3.2. Phyla of associated Bacteria isolated in Labroides dimidiatus
from Karah Island, Terengganu Malaysia

Taxonomic analysis of the V3 16S rRNA gene amplicon reads
yielded a total of twelve classifiable phyla (Table 3). Five of which
were dominant in the entire sample namely; Proteobacteria (57.7-
65.9%), Bacteroidetes (7.7-13.4%), Firmicutes (10.4-15.4%), Actino-
bacteria (7.3-12.0%) and Fusobacteria (1.3-1.8%). The skin mucus
harbored the higher percentage of Proteobacteria, Bacteroidetes and
Fusobacteria. Similarly, the highest percentage of Actinobacteria
was observed in the stomach. While, the highest percentage of
Firmicutes observed were identified both in the stomach and the

Table 2

Table 3
Percentage of bacterial phyla associated with Labroides dimidiatus from Karah
Island, Terengganu Malaysia.

Phyla? Skin mucus Stomach content Carriage water
Proteobacteria 65.9 60.7 57.7
Bacteroidetes 134 7.7 12.8
Firmicutes 10.4 15.4 154
Actinobacteria 7.3 12.0 8.4
Fusobacteria 18 1.7 13
Acidobacteria 0.0 0.9 2.2
Spirochaetes 0.0 0.9 0.0
Unclassified 0.6 0.9 0.4
Nitrospira 0.0 0.0 04
Planctomycetes 0.6 0.0 04
™7 0.0 0.0 0.4
Tenericutes 0.0 0.0 04

2 Phylum taxonomy and abundance were classified based on a confidence using
the RDP Classifier. Values are given as a percentage.

carriage water. However, the carriage water samples contained the
highest number of phyla [11] when compared to those identified in
the stomach (8 phyla) and skin mucus (7 phyla). In addition to the
five abundant and the unclassified phyla identified across all
samples, Acidobacteria, planctomycetes, Nitrospira, TM7 and Tener-
icutes were isolated in the carriage water; however, at very low
quantities (0.4%). Also, the Spirochaetes phylum was a unique phyla
detected only in stomach of L. dimidiatus.

3.3. Distribution of bacterial community at class level

In this study, a total of 36 different classes of bacteria were
identified in this study. The associated bacteria classes in the
carriage water were more diverse than those in the skin mucus as
well as those in the stomach of L. dimidiatus. However, most of
these classes were about 1% or less of the total bacterial isolated,
hence, limiting their resolution (Fig. 1). In general, the Gammap-
roteobacteria represented about 29.7%. While the Alphaproteobac-
teria and Betaproteobacteria were found at 29.7% and 17.91%.
Deltaproteobacteria and Epsilonproteobacteria in the phyla Prote-
bacteria were detected at 2.6% and less than 1% respectively.
Actinobacteria, Bacilli, Flavobacteria, were also found at more than
5%. However, Clostridia, Sphingobacteria, Deltaproteobacteria, Fuso-
bacteria were found at less than 5%.

3.4. Distribution of bacterial community at order level

To assess the microbial composition, the most abundant class
observed; Proteobacteria was categorized into different order level,
while the remaining “orders” were grouped as “other” (Figs. 2, 3
and 4). The Gammaproteobacteria, were the largest chunk of
Proteobacteria observed in this study, and with the largest number
of orders isolated. The most prominent members include the
Alteromonadales and Oceanospirillales. The Betaproteobacteria in all
the sample groups were dominated by the Burkholderiales, while,
the Alphaproteobacteria were composed primarily of Rhizobiales,
Rhodobacterales, Caulobacterales and Sphingomonadales. Similarly,
the Bdellovibrionales, Desulfovibrionales, and Myxococcales are
commonly orders of the Deltaproteobacteria found in the carriage
water (Fig. 4) and the skin (Fig. 2). However, only the Myxococcales

Characteristics of 16S rRNA metagenomic libraries of Labroides dimidiatus from Karah Island, Terengganu Malaysia.

Skin mucus Stomach content Carriage water
Amplicon sequences 455,709 731,548 239,483
Total of single-reads OTUs 164 117 227
Percentage of total single reads OTUs (%) 37.104 26.471 51.357
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Fig. 1. Taxonomic diversity and relative abundance the different classes of Bacteria associated with Labroides dimiditus from Karah Island, Terengganu Malaysia.
PK =Karah Island, M = skin mucus, S = stomach W = carriage water. General = PK-M + PK-S + PK-W (i.e. the cumulative Bacteria classes associated with the Labroides dimiditus as

observed in the mucus, stomach and carriage water).

was observed in the stomach for this group of bacterial (Fig. 3).
Among the dominate orders grouped as “others” in this study are
the Bacillales, Flavobacteriales, Actinomycetales, and Sphingobacter-
iales. Both Flavobacteriales and Sphingobacteriales are members of
the phylum Bacteroidetes while Actinomycetales is a member of the
Actinobacteria. These two phyla were earlier reported to be among
the dominant isolated phylum after Proteobacteria in this study.

3.5. Distribution of bacterial community in Labroides dimidatus by
family

A total of 82 and 59 families of bacteria were identified in the
skin mucus and stomach respectively, while 116 bacteria families
were identified in the carriage water. Forty-three of these families
(32.58% of total identified microbes) were present in all three



A.N.A. Nurul et al./Biotechnology Reports 20 (2018) e00303

a-proteobacteria

B-proteobacteria

O-proteobacteria

e-proteobacteria  [Hiafes i

y-proteobacteria

Unclassified Proteobacteria

Other Order :ﬁ ﬂ’”'f“@“i&”‘*”‘"fﬂ

0% 10%

20%

30%

40% 50% 60% 70% 80% 90% 100%

Other Order

Actinomycetales- 17.86%
Bifidobacteriales- 1.79%
Unclassified Actinobacteria- 1.79%
Bacteroidetes incertae sedis- 1.79%
Sphingobacteriales- 10.71%
Flavobacteriales- 25%

Unclassified Bacteroidetes- 1.79%
Fusobacteriales- 5.36%
Phycisphaerales- 1.79%

Bacillales- 8.93%

Lactobacillales- 1.79%
Clostridiales- 12.5%
Erysipelotrichales- 3.57%
Selenomonadales- 1.79%
Unclassified Firmicutes- 1.79%

Unclassified bacteria- 1.79%
a-proteobacteria

Caulobacterales- 6.45%

Rhizobiales- 3.48%
Rhodobacterales- 19.35%
Rhodospirillales- 16.13%
Sphingomonadales- 19.35%
Unclassified a-proteobacteria- 3.23%
Unclassified Proteobacteria
Unclassified proteobacteria-100%

o e e e o
Bt et b
e A ra e e o

B-proteobacteria

Burkholderiales- 73.68%
Neisseriales- 10.53%

Rhodocyclales- 10.53%

Unclassified B-proteobacteria- 5.26%

d-proteobacteria
Bdellovibrionales- 25%
Desulfovibrionales- 25%
Myxococcales- 25%

Unclassified &-proteobacteria- 25%
e-proteobacteria

Campylobacterales- 100%
y-proteobacteria
Enterobacteriales- 12%
Vibrionales- 14%
Aeromonadales- 4%
Alteromonadales- 24%
Chromatiales- 4%
y-proteobacteria incertae sedis- 4%
Oceanospirillales- 20%
Pasteurellales- 2%
Pseudomonadales- 10%
Xanthomonadales- 4%
Unclassified v-proteobacteria- 2%

]
MMM

]
I
WM

Fig. 2. Taxonomic diversity and relative abundance at the order level of bacteria associated with skin mucus sample of Labroides dimiditus from Karah Island, Terengganu
Malaysia. Each bar denotes individually orders in Alpha-, Beta-, Delta-, Epsilon-, and Gamma-proteobacteria respectively, while the last bar (others) shows orders in others

phylum.

samples (Table 4, Fig. 5), while three (2.27%) were common only on
the skin mucus and in the stomach of L. dimidiatus (Table 5, Fig. 5).
Similarly, six other bacterial families (4.55%) found in the stomach
were present in the carriage water samples (Table 6, Fig. 5).
However, thirty bacteria families (22.73%) were shared between
the skin mucus and carriage water (Table 7, Fig. 5). It is worth
mentioning that, some thirty-seven families (28.03%) were found
exclusively in the carriage water (Table 8 Fig. 5). However, only
seven families (5.30%) were exclusive in the stomach (Table 9, Fig.

5) while, another six (4.55%) were only present in the skin mucus
of the L. dimidiatus (Table 10, Fig. 5). A total of thirty-three
pathogenic zoonotic bacterial were isolated in this study.

4. Discussion
Metagenomics method used in this study successful identified a

number of bacterial associated with L. dimidiatus. To our
knowledge, this is the first of such study aimed at characterising



6 A.N.A. Nurul et al./Biotechnology Reports 20 (2018) e00303

a-proteobacteria §

[-proteobacteria

O-proteobacteria ]""I"

y-proteobacteria

Unclassified Proteobacteria

Other Order

0% 10% 20% 30%

40% 50% 60% 70% 80% 90% 100%

Other Order

Acidobacteria Gp4 incertae sedis- 2.17%

Actinomycetales- 26.09%
Coriobacteriales- 2.17%
Unclassified Actinobacteria- 2.17%
Bacteroidales- 4.35%
Flavobacteriales- 13.04%
Unclassified Bacteroidetes- 2.17%
Fusobacteriales- 4.35%
Spirochaetales- 2.17%

Bacillales- 19.57%
Lactobacillales- 4.35%
Unclassified Bacilli- 2.17%
Clostridiales- 10.87%

Unclassified Firmicutes- 2.17%
Unclassified bacteria- 2.17%
a-proteobacteria

(= e .
R R

Kiloniellales- 4.35%

Rhizobiales- 26.09%
Rhodobacterales- 21.74%
Rhodospirillales- 13.04%
Sphingomonadales- 30.43%
Unclassified a-proteobacteria- 4.35%

B-proteobacteria
Burkholderiales- 90.91%

Unclassified B-proteobacteria- 9.09%

d-proteobacteria
Myxococcales

y-proteobacteria
Enterobacteriales- 8.57%
Vibrionales- 20%

Aeromonadales- 2.86%
Alteromonadales- 25.71%
Legionellales- 2.86%
Oceanospirillales- 17.14%
Pseudomonadales- 17.14%
Xanthomonadales- 2.86%
Unclassified y-proteobacteria- 2.86%

Unclassified Proteobacteria
Unclassified proteobacteria-100%

Fig. 3. Taxonomic diversity and relative abundance at the order level of bacteria associated with stomach sample of Labroides dimiditus from Karah Island, Terengganu
Malaysia. Each bar denotes individually orders in Alpha-, Beta-, Delta-, Epsilon-, and Gamma-proteobacteria respectively, while the last bar (others) shows orders in others
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the microbiota of wild L. dimidiatus using the Next Generation
Sequencing technology. This method allows a more complex view
of the composition of the microbiota of fish and its environment
with high precision of taxonomic classification using thousands of
reads [23]. The five most common phyla, in this study (Proteobac-
teria, Bacteroidetes, Firmicutes, Actinobacteria and Fusobacteria) had
earlier been reported by Gerzova et al, [3] in carriage water of
ornamental fish from three different continents. Similar finding
have been reported by Boutin et al., [24]. Larsen et al. [25], had
earlier isolated these groups of bacterial in the skin of mullet Mugil
cephalus, red snapper Lutjanus campechanus, spotted seatrout
Cynoscion nebulosus, sand seatrout Cynoscion arenarius, Atlantic

croaker Micropogonias unduluatus, and pinfish Lagodon rhom-
boides. Similarly, Gerzova et al., [3] had suggested that these are
common phyla in the stomach of channel catfish Ictalurus
punctatus, largemouth bass Micropterus salmoides, and bluegill
Lepomis macrochirus and some ornamental fishes. It is a known fact
that microbes form symbiotic relationships with their host
organisms and offers several advantages [26]. However, the origins
of most fish microbes have not yet been studied; hence, this
phenomenon is poorly understood [27].

The findings of this study suggest that the structure of fish
microbiomes from the Karah Island, Terengganu, Malaysia were
largely influenced by the environments water where they are
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Rhodospirillales- 16.22%
Sphingomonadales- 16.22%
Unclassified a-proteobacteria- 2.70%

B-proteobacteria

Burkholderiales- 82.35%
Methylophilales- 5.88%
Rhodocyclales- 5.88%

Unclassified Betaproteobacteria- 5.88%
d-proteobacteria
Bdellovibrionales- 12.5%
Desulfobacterales- 25%
Myxococcales- 50%

Unclassified &-proteobacteria- 12.5%
g-proteobacteria
Campylobacterales- 50%
Unclassified €-proteobacteria- 50%

y-proteobacteria
Enterobacteriales- 12.12%
Vibrionales- 10.61%
Aeromonadales- 3.03%
Alteromonadales- 22.73%
Chromatiales- 4.55%
y-proteobacteria incertae sedis- 4.55%
Methylococcales- 3.03%
Oceanospirillales- 13.64%
Pasteurellales- 4.55%
Pseudomonadales- 10.61%
Xanthomonadales- 9.09%
Unclassified y-proteobacteria- 1.52%

Unclassified Proteobacteria
Unclassified proteobacteria
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Fig. 4. Taxonomic composition and relative abundance at the order level of bacteria associated with carriage water from Karah Island, Terengganu Malaysia. Each bar denotes
individually orders in Alpha-, Beta-, Delta-, Epsilon-, and Gamma-proteobacteria respectively, while the last bar (others) shows orders in others phylum.

had earlier suggested that the external bacteria communities of
many fishes are strong reflection of the microbial community
present in the surrounding water. Beyond the bios of the
surrounding waters, distribution of microbial communities in

found. Fish skin is constantly in contact with the aquatic
environment, hence, the largely synchronised bacteria composi-
tion on the skin mucus of the L. dimidiatus and that of the carriage
water in the study was expected. Georgala, [28] and Horsley [29],
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Table 4
Shared bacteria families’ in the skin mucus and stomach of Labroides dimidiatus as

well as the water from Karah Island, Terengganu Malaysia.

Serial Number  Class Family

1 Alphaproteobacteria Acetobacteraceae

2 Clostridia Lachnospiraceae

3 Actinobacteria Micrococcaceae

4 Alphaproteobacteria Bradyrhizobiaceae

5 Betaproteobacteria Burkholderiaceae

6 Betaproteobacteria Burkholderiales_incertae_sedis

7 Alphaproteobacteria Bradyrhizobiaceae

8 Betaproteobacteria Burkholderiaceae

9 Betaproteobacteria Burkholderiales_incertae_sedis

10 Actinobacteria Corynebacteriaceae

11 Actinobacteria Propionibacteriaceae

12 Actinobacteria Unclassified Actinomycetales

13 Actinobacteria Unclassified Actinobacteria

14 Flavobacteria Flavobacteriaceae

15 Flavobacteria Unclassified Flavobacteriales

16 Unclassified Bacteroidetes Unclassified Bacteroidetes

17 Fusobacteria Fusobacteriaceae

18 Alphaproteobacteria Hyphomicrobiaceae

19 Alphaproteobacteria Methylobacteriaceae

20 Alphaproteobacteria Unclassified Rhizobiales

21 Alphaproteobacteria Rhodobacteraceae

22 Alphaproteobacteria Unclassified Rhodospirillales

23 Alphaproteobacteria Erythrobacteraceae

24 Alphaproteobacteria Sphingomonadaceae

25 Alphaproteobacteria Unclassified Sphingomonadales

26 Alphaproteobacteria Unclassified Alphaproteobacteria

27 Betaproteobacteria Comamonadaceae

28 Betaproteobacteria Oxalobacteraceae

29 Betaproteobacteria Unclassified Burkholderiales

30 Betaproteobacteria Unclassified Betaproteobacteria

31 Gammaproteobacteria Unclassified Oceanospirillales

32 Gammaproteobacteria Moraxellaceae

33 Gammaproteobacteria Pseudomonadaceae

34 Gammaproteobacteria Xanthomonadaceae

35 Gammaproteobacteria Unclassified
Gammaproteobacteria

36 Unclassified Unclassified Proteobacteria

Proteobacteria

37 Bacilli Bacillaceae_1

38 Bacilli Staphylococcaceae

39 Bacilli Unclassified Bacillales

40 Clostridia Peptostreptococcaceae

41 Clostridia Unclassified Clostridiales

42 Clostridia Unclassified Firmicutes

43 Unclassified bacteria Unclassified Bacteria

5.30%

4.55%

28.03%

Fig. 5. Venn diagram of the percentages of shared and unique bacteria families
identified in three different types of samples collected in this study. PK=Karah
Island, M = skin mucus, S =stomach, W =carriage seawater.

the stomach may also be largely influenced by the type of diet fed
by the fish [30]. Schmidt et al. [31], and Gajardo et al., [32] had
earlier justified this assumption in their study with Salmo salar.
This position cannot be suggested for the current study, as no
attempt was made to characterise the microbes of the feed fed by
the fish in the wild. However, the mutualism interaction between L.
dimidiatus and its client (i.e. the fishes it helps remove parasites
and bacteria infection from) could present a new pathogenic
infection partway in this fish [33]. Similarly, this could be a peculiar
form of parasitic transmission pattern in other cleaner wrasses
fishes.

Out of the many genera isolated in this study, Alteromonas and
Vibrio were two of the dominant genera of the Gammaproteobac-
teria as observed in all samples. This has been reported prevalent in
many other marine environments [34-36]. Alteromonas has also
been reported in some species of fish reared in a re-circulatory
aquaculture system [37,38]. The bacteria group Alteromonas have
great carbon cycling potential, hence are composite of member of
the marine master recyclers [39,40]. Also, the genus Vibrio, have
been reported in other members of wrasse [41-44]. Several species
of Vibrio are typically associated with marine and freshwater
environments [45]. The Vibrio infections can spread rapidly when
fish are confined in very high stocking densities a scenario found in
commercial aquaculture systems where morbidity may reach 100%
in affected facilities [13]. Vibrio sp. are pathogenic to human, and
responsible for disease in wild and reared organisms, which
includes fish, molluscs, crustaceans, rotifers, and corals, [46].
Another genus of interest in abundance isolated in the skin mucus
of L. dimidiatus was the Sandarakinotalea. The presence of this
bacteria group may be due to the burrowing activity of the fish in
the sand for the purpose of predatory avoidance. This has been
earlier demonstrated in the study reported by Slobodkin and
Fishelson, [47].

Out of the 132 microbes identified in this study, 32% were
shared/found in all site examined (i.e. mucus, stomach and the
carriage water). Members of the Gammaproteobacteria were the
most commonly shared bacteria among all the samples in this
study. So were the members of the Alphaproteobacteria, Betapro-
teobacteria, Actinobacteria, Flavobacteria, Fusobacteria, Bacilli and
Clostridia. Usually, shared bacteria communities within a popula-
tion, are reflection of symbiotic association possibly because of
metabolic benefits between the bacteria and it host [48]. Most of
the bacteria identified are involved in nutrient cycling. Rhodo-
bacteraceae for instance is deeply involved in sulfur and carbon
biogeochemical cycling and symbiosis with aquatic micro- and
macro-organisms [49,50]. Carbon cycling and biodegradative
capabilities are widespread characteristic within the members
of the Alpha- and Gammaproteobacteria. These include the
Alteromonadaceae, Pseudomonadaceae, Sphingomonadaceae, and
Vibrionaceae as well as Cytophagaceae, Flavobacteriaceae and
Bacteroidetes, which are members of the Cytophaga-Flavobacte-
ria-Bacteroides (CFB) clade [51].

Lactobacillus spp., Lactococcus spp., Enterococcus spp., Shewa-
nella spp., Bacillus spp., Aeromonas spp., Vibrio, Enterobacter spp.,
Pseudomonas spp., Clostridium spp., and Kocuria spp. identified in
this study are common probiotic bacteria used in the aquaculture
industries [52,53]. These probiotic bacteria have been isolated in
several healthy fish species such as Indian carp, Labeo rohita, Nile
tilapia, Oreochromis niloticus, gilt-head bream, Sparus aurata [54-
56]. They function to improve growth, immune responses,
resistance to pathogenic bacteria, and expression of different
genes involved in inflammation, development and digestion
processes in the fish host [54-56]. In this study, 28% of the
identified microbes were found unique to the carriage water, while
about 5% were unique to the mucus and stomach of the fish. The
observation of some bacteria exclusive to different samples or
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Shared bacteria families’ in the skin mucus and stomach of Labroides dimidiatus
from Karah Island, Terengganu Malaysia.

Serial Number Class Family

1 Bacilli Carnobacteriaceae

2 Actinobacteria Brevibacteriaceae

3 Actinobacteria Dermacoccaceae
Table 6

Shared bacteria families’ in the stomach of Labroides dimidiatus and water from
Karah Island, Terengganu Malaysia.

Serial Number Class Family
1 Actinobacteria Coriobacteriaceae
2 Alphaproteobacteria Rhizobiaceae
3 Deltaproteobacteria Nannocystaceae
4 Actinobacteria Microbacteriaceae
5 Deltaproteobacteria Unclassified Myxococcales
6 Bacilli Paenibacillaceae_1
Table 7

Shared bacteria families’ in the skin mucus of Labroides dimidiatus and water from
Karah Island, Terengganu Malaysia.

Serial Class Family

Number

1 Betaproteobacteria Rhodocyclaceae

2 Deltaproteobacteria Phaselicystidaceae

3 Epsilonproteobacteria Helicobacteraceae

4 Erysipelotrichia Erysipelotrichaceae

5 Negativicutes Veillonellaceae

6 Actinobacteria Actinomycetaceae

7 Actinobacteria Nocardiaceae

8 Alphaproteobacteria Caulobacteraceae

9 Gammaproteobacteria Pasteurellaceae

10 Clostridia Clostridiales_Incertae_Sedis_XI

11 Acidobacteria_Gp4 Acidobacteria_Gp4_family_
incertae_sedis

12 Actinobacteria Nocardioidaceae

13 Bacilli Lactobacillaceae

14 Bacteroidetes_incertae_ Bacteroidetes_incertae_

sedis_class_incertae_sedis sedis_family_incertae_sedis

15 Sphingobacteria Flammeovirgaceae

16 Sphingobacteria Cytophagaceae

17 Phycisphaerae Phycisphaeraceae

18 Alphaproteobacteria Hyphomonadaceae

19 Flavobacteria Cryomorphaceae

20 Alphaproteobacteria Rhodospirillaceae

21 Deltaproteobacteria Bacteriovoracaceae

22 Deltaproteobacteria Unclassified
Deltaproteobacteria

23 Gammaproteobacteria Colwelliaceae

24 Gammaproteobacteria Ferrimonadaceae

25 Gammaproteobacteria Ferrimonadaceae

26 Gammaproteobacteria Moritellaceae

27 Gammaproteobacteria Chromatiaceae

28 Gammaproteobacteria Unclassified Chromatiales

29 Gammaproteobacteria Alcanivoracaceae

30 Gammaproteobacteria Gammaproteobacteria_family_

incertae_sedis

environment is not new. Earlier study by Kormas et al., [57], Bakke
et al,, [58], Estruch et al. [59], and Li et al. [60], have showed that
aquaculture microbiota composition in the fish was different from
those found in the surrounding environment. Cardinale et al., [61],
however, had earlier concluded that the differences in the
structure of bacteria communities of the environment and the
host organism might simply be opportunistic infection, rather than
symbiotic partnership.

Fish can also be a source of human infections caused by
pathogens transmitted from fish or the aquatic environment.
Depending on season, and the level of exposure pathogenic

9
Table 8
Bacteria families’ exclusive in water from Karah Island, Terengganu Malaysia.
Serial Number Class Family
1 Gammaproteobacteria unclassified Xanthomonadales
2 Bacilli Paenibacillaceae_2
3 Bacilli Enterococcaceae
4 Acidobacteria_Gp3 Acidobacteria_Gp3_family_
incertae_sedis
5 Acidobacteria_Gp6 Acidobacteria_Gp6_family_
incertae_sedis
6 Acidobacteria_Gp7 Acidobacteria_Gp7_family_
incertae_sedis
7 unclassified Acidobacteria unclassified Acidobacteria
8 Actinobacteria Acidimicrobiaceae
9 Bacteroidia Porphyromonadaceae
10 Alphaproteobacteria unclassified Caulobacterales
11 Deltaproteobacteria Desulfobacteraceae
12 Deltaproteobacteria Desulfobulbaceae
13 Gammaproteobacteria Methylococcaceae
14 Mollicutes Acholeplasmataceae
15 Bacilli Alicyclobacillaceae
16 Bacilli Bacillales_Incertae_Sedis_XII
17 Bacilli Thermoactinomycetaceae_1
18 Bacilli Leuconostocaceae
19 Bacilli unclassified Lactobacillales
20 Clostridia Ruminococcaceae
21 Actinobacteria Pseudonocardiaceae
22 Sphingobacteria Sphingobacteriaceae
23 Alphaproteobacteria Bartonellaceae
24 Betaproteobacteria Alcaligenaceae
25 Betaproteobacteria Methylophilaceae
26 Gammaproteobacteria Unclassified Pseudomonadales
27 Bacilli Planococcaceae
28 Bacilli Streptococcaceae
29 Gammaproteobacteria Hahellaceae
30 Bacilli Bacillaceae_2
31 Clostridia Clostridiaceae_1
32 Bacteroidia unclassified Bacteroidales
33 Nitrospira Nitrospiraceae
34 TM7_class_incertae_ sedis ~ TM7_family_incertae_sedis
35 Sphingobacteria Chitinophagaceae
36 Alphaproteobacteria Phyllobacteriaceae
37 Gammaproteobacteria Sinobacteraceae
Table 9

Bacteria families’ exclusive to the stomach of Labroides dimidiatus collected from
Karah Island, Terengganu Malaysia.

Serial Number Class Family
1 Actinobacteria Streptomycetaceae
2 Bacteroidia Prevotellaceae
3 Bacilli Bacillales_Incertae_Sedis_XI
4 Gammaproteobacteria  Legionellaceae
5 Epsilonproteobacteria Unclassified Epsilonproteobacteria
6 Alphaproteobacteria Kiloniellaceae
7 Spirochaetes Unclassified Spirochaetales
Table 10

Bacteria families’ exclusive to the skin mucus of Labroides dimidiatus collected from
Karah Island, Terengganu Malaysia.

Serial Number Class Family

1 Actinobacteria Dermatophilaceae

2 Actinobacteria Bifidobacteriaceae

3 Betaproteobacteria Neisseriaceae

4 Epsilonproteobacteria Unclassified Campylobacterales
5 Sphingobacteria Unclassified Sphingobacteriales
6 Epsilonproteobacteria Campylobacteraceae

bacteria could be transmitted to human. Thirty-three of such
zoonotic pathogenic bacteria were observed in this study. Notable
among them is the Mycobacteria. This is one of the most common
fish-borne bacteria pathogens known to man. It can cause
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granulomatous inflammation of the human skin [62]. Similarly,
Erysipelothrix spp. is transmissible from fish to humans, and causes
infection of cutaneous wounds. This typically results in localized,
painful, self-limiting cellulitis, with purple discoloration and
oedema (‘fish rose’) [63,64]. In addition to these two, Streptococcus
spp, Photobacterium spp, and Vibrio spp, are other fish-borne
zoonosis bacteria associated with L. dimidiatus worth mentioning
in this study. Gram positive bacteria such as Clostridium,
Lactococcus and Staphylococcus were only found in the stomach
and water sample while Streptococcus is found in all samples of L.
dimidiatus. Clostridium is commonly commensal in the intestines of
marine animals and in the sediments of the environment/decaying
organic matter where paralytic neurotoxin is produced [65].
Lactococcus and Streptococcus are also zoonotic fish-borne bacteria
found in a wide variety of temperate and warm water fishes
[66,67]. Pathogens of gram negative bacteria such as Aeromonas
spp, Edwardsiella spp., Enterobacteriaceae, Francisella spp., Pseudo-
monas, and Vibrio spp. isolated mostly in this study have been
implicated for zoonotic infections of fish and humans in previous
studies [68-71].

Earlier studies by Rasmussen & Sorensen, [72], Horner-Devine
et al. [73], Leflaive et al., [74] Sala et al. [ 75,76], had concluded that
functional bacteria composition in a systems are further driven by
changes in the environmental conditions such as nutrient
availability and pollutants. Similarly, changes in salinity, season
and geographic location could severely influence the composition
of free-living and symbiotic bacteria communities in the fish
[77,78]. This means that changes in the dynamics of the external
environment such as those obtained when wild fishes are raise in
captivity could result in substantial differences in the bacteria
community than what was reported in this study. In line with this
assumption, Smith et al. [13], had suggested the possibility of
ornamental fish raised in captivity harbouring novel microbial
communities and pathogens that could pose potential risks to the
pet industry, fish trade, humans and other fish species. Hence,
there is need to intensify research in this regards for biosecurity
purposes and to ensure suitable husbandry of aquarium held wild
ornamental fishes such as L. dimidiatus.

4.1. Limitations of the study

The collected samples of fish used for this study were gently
washed thrice with sterile seawater to remove the dirt on the fish.
This was done with the hope that the microbial colonies on the skin
were not compromised. However, this is likely not the case. In
correction of the limitation in this study, it is recommended that
DNA be extracted from the sterilized water used to wash the fish’s
skin in future studies.
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