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Abstract

There are several affordable methods involving different sequencing technologies for
microbial characterization. However, the choice of the sequencing platform and the
downstream analysis can yield somewhat different results. Here we aimed to examine the
strengths and limitations of different sequencing platforms for their use in aquacultured
fish gut mucosal samples, using gilthead sea bream (Sparus aurata) as a model. The
attention was focused on the portable Oxford Nanopore Technologies (ONT) MinlON
device, which offers the possibility of fast profiling of mucosal microbial samples. The
standard PCR protocol provided for the MinlON full-length sequencing of the 16S rRNA
was optimized (input material, annealing temperature and number of cycles) for fish
mucosal samples and the optimized protocol was validated using a standard mock
community with known bacterial taxa and abundances. The optimized PCR (annealing
temperature 52°C, 30 cycles) yielded highly accurate results when sequencing mock
community samples (R? = 0.95) and was chosen for the subsequent analyses. Finally, the
sequencing results were compared to those from Illumina MiSeq sequencing of the V3-
V4 region of the 16S rRNA gene to determine strengths and weaknesses from both
platforms. Our results showed that MinlON is a reliable and accurate tool for the
assessment of intestinal bacteria communities, yielding similar results to lllumina with
correlation coefficients > 0.75. However, biologically important but less abundant taxa
(e.g. Actinobacteriota and Bacteroidota) were apparently masked when comparisons were
made with the lllumina MiSeq results. We conclude that the choice of sequencing
platform depends on the type of sample and scientific question. Thus, when evaluating
fish gut mucosal samples, where the biological interpretation focuses on taxa related to
gut function and metabolism, lllumina MiSeq allows a broader amplification of taxa of

interest, while MinlON provides good results in terms of abundance and fast profiling of
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microbial communities, making it very attractive for studies focused on environmentally-

related samples (e.g. gills and skin samples).

Keywords
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Highlights

1. The 16S MinlION protocol has been optimized for fish gut mucosal samples

2. MinlON sequencing yields an accurate classification of bacterial communities in fish
samples

3. Hlumina MiSeq allows the assessment of biologically relevant less abundant
populations

4. The choice of sequencing platform will depend on the type of sample and the

experimental question
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1. Introduction

Microbiota research is a fast-growing field in aquaculture with important implications for
fish nutrition, health, and welfare (Brugman et al., 2018). In particular, gilthead sea bream
(Sparus aurata) is one of the main cultured fish in the Mediterranean (APROMAR, 2020),
and recently, many studies have been conducted to unravel its intestinal microbial
dynamics (Naya-Catala et al., 2021a, 2022b; Piazzon et al., 2020; Solé-Jiménez et al.,
2021), as the gut microbiome plays a key role in maintaining the health status in fish,
including the immune system response and digestion functions (Reda et al., 2022).
However, there is still a long way to go in establishing the baseline parameters that guide
the mucosal microbial manipulation of most farmed fish, including gilthead sea bream
(Terova et al., 2022). Thus, we aimed to critically examine the core practice of common
methodological approaches to provide practical guidelines that might serve to facilitate
comparisons among different laboratories and technological platforms. Certainly, with
the advent of next-generation sequencing (NGS) technologies, the amplification and
sequencing of the 16S ribosomal RNA (16S rRNA) is the most widely used technique for
the analysis of bacterial communities (Perry et al., 2020). However, conventional short-
read sequencer platforms cannot yield reads covering the full length of the 16S rRNA
gene, which might cause ambiguity in taxonomic classification (Kuczynski et al., 2011).
This technical constrain can be overcome with the use of third-generation sequencing
(TGS) platforms, that are capable of producing long sequences with no theoretical read
length limit. A prime example is the Oxford Nanopore Technology (ONT) MinION, a
portable device that is able to produce low-cost sequencing data (100 kb reads) in an
immediacy context (Sevim et al., 2019), unlike other TGS systems (PacBio sequencing).
Nevertheless, the accuracy of MinlON is lower than other platforms, and its reliable use

for quantitative/qualitative determinations could be compromised depending on the type
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of sample and the threshold accuracy level. Otherwise, differences in primer sequences
and PCR-amplification conditions for the 16S rRNA-based multitemplate PCR could bias
microbial assessments (Fujiyoshi et al., 2020; Laursen et al., 2017). To challenge the best
way in which these methodological constraints can be solved, we aimed to: 1) optimize
the experimental 16S protocol when sequencing gilthead sea bream mucosal microbiota
samples with the ONT MinION device, 2) evaluate the feasibility of MinlON sequencing
by comparing 16S amplicon data results from a defined mock community, and 3) evaluate
the results from gilthead sea bream intestinal microbiota amplicons using the Illumina
MiSeq (performed with standard procedures by sequencing companies), and MinlON

(on-site sequencing) platforms.

2. Materials and methods

2.1. Fish and mock community samples

The samples used in this study were randomly selected from a previous experiment using
a mild hypoxia challenge. Two selected fish were from the HNN group (samples 1 and
2) and one from the NNN group (sample 3) (Naya-Catala et al., 2021b). Mucus from the
anterior intestinal portion was sampled following a previously optimized protocol
(Piazzon et al., 2019). The same samples were used in parallel to compare sequencing
platforms. Concerning the ZymoBIOMICS™ mock community, it is composed of 10
microbial species: eight bacteria and two yeasts with cell counts distributed on a log scale
from 89.1% (Listeria monocytogenes) to 0.000089% (Staphylococcus aureus) (Table 1).
For both types of samples, DNA was extracted using a High Pure PCR Template
Preparation Kit (Roche), including a lysozyme lysis step for optimized DNA extraction
(Piazzon et al., 2019). The quantity of DNA was assessed using the Nanodrop 2000c

(Thermo Scientific).



98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

All procedures involving experimental animals were approved by the Ethics and Animal
Welfare Committee of IATS and CSIC. They were carried out in a registered installation
facility (code ES120330001055) in accordance with the principles published in the
European Animal Directive (2010/63/EU) and Spanish laws (Royal Decree RD53/2013)

for the protection of animals used in scientific experiments.

2.2 DNA input and PCR optimization
The MinlON 16S Barcoding Kit 1-24 (SQK-16S024) protocol version

16S 9086 _v1 revR_14 Aug 2019 was optimized for assessing the composition of
bacterial communities in gilthead sea bream mucosal samples using the on-site MinlON
device platform. The standard protocol contemplates an initial DNA input of 10 ng/pl for
the PCR amplification, but our sea bream mucosal samples had a large proportion of host
genetic material (Naya-Catala et al., 2022a), and several mucosal DNA inputs (10, 100,
500 and 1000 ng/pl, Nanodrop measurements) were tested until an optimum
concentration was reached for sequencing. After PCR, amplicons were quantified using
PicoGreen™ (Thermo Fisher Scientific), and run in an agarose gel electrophoresis (1%
w/v in Tris-EDTA buffer) to determine the presence of a specific band of ~1500 bp. For
the PCR optimization procedure, five different conditions (PCR1-PCRS5), including
changes in the number of cycles (from 25 to 30), annealing temperature (from 55°C to
52°C) and nesting were considered (Table 2). These protocol modifications were
performed using as starting point the PCR procedure recommended by the kit’s
manufacturer (PCR1: 95°C for 1 min, 25 cycles of 95°C for 20 s, 55°C for 30 s, and 65°C
for 2 min, and a final extension step of 65°C for 5 min). In the case of the mock
community samples, the PCR testing procedure was reduced to the standard (PCR1) and
PCR4 with DNA inputs of 10 ng/ul, in order to compare the conditions recommended in

the kit and the optimized conditions. The used Taqg polymerase (LongAmp Hot Start Tag
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2X Master Mix (NEB, M0533S), PCR primers (F: 5' - ATCGCCTACCGTGAC - barcode
- AGAGTTTGATCMTGGCTCAG - 3'and R: 5' - ATCGCCTACCGTGAC - barcode -
CGGTTACCTTGTTACGACTT - 3) and reaction volume (50 ul) were those

recommended by the Kit.

2.3. ONT MinlON sequencing and bioinformatics pipeline
The complete 16S rRNA gene (V1-V9) was sequenced using the ONT MinlON device

and the 16S Barcoding Kit 1-24 (SQK-16S024) version
16S 9086 vl revR 14Aug2019, according to the manufacturer’s protocol with the
previously mentioned modifications of input DNA and PCR conditions. The amplified
DNA was quantified using PicoGreen™ and 100 fmol were loaded into the MinION
device. Libraries were sequenced using an R9.4/FLO-MIN106 flow cell and
demultiplexed using the MinKNOW v21.11.17. The sequencing was stopped when
approximately 100,000 reads were obtained for each sample, which constituted a
sequencing run time of 21-23 h for the gilthead sea bream gut mucosal samples and ~2 h
for the mock community samples. Between runs, the MinlON flow cell was washed
according to the ONT Flow Cell Wash Kit (EXP-WSHO004) instructions. After
sequencing, the basecalling of the samples was performed with Guppy v5.1.12, using the
default parameters. The resulting FASTQ reads were pre-processed using Porechop
v0.2.4 (https://github.com/rrwick/Porechop) for removing sequencing adapters from
reads, NanoFilt v2.8.0 (De Coster et al., 2018) for filtering reads below 1,200 base pairs
(bp), and above 1,800 bp and yacrd v0.6.2 (Marijon et al., 2020) for chimera detection
and removal. Sequences were assigned as distinct amplicon sequence variants (ASVs)
and subsequently mapped for taxonomy assignment with Minimap2 v2.17-r941 (Li,

2021), using SILVA v138.1 (Yilmaz et al., 2014) as the reference database.
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2.4. lllumina MiSeq and bioinformatics pipeline

The lllumina MiSeq platform at the Unidad de Gendmica del Parque Cientifico de Madrid
(FPCM) was used for Sequencing the V3-V4 region of the 16S rRNA gene of fish
mucosal samples following the same protocol, primers and conditions described
elsewhere (Piazzon et al., 2019). FASTQ paired-reads were merged using VSEARCH
v2.15.1 (Rognes et al., 2016), and then pre-processed using Prinseq v0.20.4 (Schmieder
and Edwards, 2011). Finally, sequences were clustered at a 100% identity using
VSEARCH v2.15.1, identified as distinct ASVs, and subsequently aligned for taxonomy
assignment with Minimap2 v2.17-r941 (Li, 2021) with SILVA v138.1 (Yilmaz et al.,

2014) as the reference database.

2.5. Statistics and data availability

Mann-Whitney U test was used to compare differences in mean abundances and the
correlation coefficient was used to determine differences between individual profiles. All

calculations and visualizations were performed using the R statistical software.

Raw sequence data from all experiments was uploaded to the Sequence Read Archive
(SRA) under Bioproject accession number PRINA891255 (BioSample accession

numbers: SAMN31314095-11114).

3. Results

3.1. Optimization of ONT 16S rRNA protocol for fish microbiota sequencing

The testing of different DNA concentrations for ONT MinlON sequencing of intestinal
adherent microbiota resulted in the selection of an initial input of 500-1000 ng/ul. Indeed,
DNA concentrations of 10 and 100 ng/ul did not reach the minimum input level (50 fmol)

required for library preparation in the 16S rRNA ONT MinlON protocol (SQK-16S024),
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and did not show a clear band when run in an agarose gel. Regarding PCR results (Table
2), PCR2 and PCR3 procedures yielded the lowest number of bacteria phyla (3),
decreasing the eukaryotic sequence abundance from 4.93% in PCR2 to 0.24% in PCR3.
A highest number of phyla (5) was found in PCR1 and PCRS5, while the abundance of
eukaryotic sequences decreased from 5.17% in PCR1 to 0.01% in PCR5. The PCR4
conditions also yielded a low abundance of eukaryotic sequences (0.04%) with reads
assigned to 4 microbial phyla, but the number of reads assigned to the Proteobacteria
phylum decreased in PCR4 (85.30%) when compared to PCR5 (96.88%), allowing to
detect more Firmicutes, taxa of relevance from a functional point of view (Table 3).
Therefore, PCR4 was chosen as the best conditions for gilthead sea bream mucosal
samples. PCR1 (Mockl) and PCR4 (Mock?2) conditions were used for sequencing the
bacterial mock community samples to compare the results obtained with the conditions
specified by the commercial kit and the newly customized protocol, in order to determine
that no biases were being introduced. After the ONT MinlON sequencing a total of
280,844 and 238,441 raw reads were obtained, respectively, and a high taxonomic
assignation percentage (>91%) was reached in both cases. The correlation between the
theoretical abundance of each genus and the observed abundance in the ONT MinlON
sequencing (Figure 1) resulted in significant coefficients between these two values (R? =

0.8803 for Mock1; R? = 0.9464 for Mock2).

3.2. lllumina MiSeq and ONT MinlON sequencing results comparison for gut

microbiota samples

The same gilthead sea bream gut mucosal samples were sequenced with the ONT
MinlON sequencer (using the optimized conditions of PCR4) and Illumina MiSeq. Using
the ONT MinlON device, an average of 94,164 raw reads/sample were generated, with a

mean of 97.42% (91,738) assigned reads. Taxonomic classification yielded a mean of 3
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phyla, which were present with an abundance of more than 0.25% per sample. Using
Illumina MiSeq, an average of 316,490 raw reads were obtained per sample and a mean
of 74.38% (235,428) of the raw reads was classified into a mean of 6 phyla, which were
present with an abundance of more than 0.25% per sample. Although at a first glance the
sequencing results for both platforms yielded somewhat different results (Figure 2A), in
both cases, when applying the abundance threshold, three phyla: Proteobacteria,
Firmicutes, and Bacteroidota were shared, ranging from 85.3 to 63.6%, from 14.2 to
21.3% and from 0.38 to 2.6% (ONT MinION to lllumina MiSeq), respectively. To
determine whether there was a significant difference between the shared phyla, a Mann-
Whitney U test was conducted resulting in non-significant differences with a p-value of
0.4 for Proteobacteria, a p-value of 0.7 for Firmicutes, and a p-value of 0.1 for
Bacteroidota. Three additional phyla (Actinobacteriota, Patescibacteria, and
Cyanobacteria) were detected with both sequencing platforms, although in the ONT
MinlON results, their mean abundance percentage was below 0.25%, being 0.024, 0.001,
and 0.0001%, respectively. For these phyla, the Mann-Whitney U test also resulted in
non-significant differences, with a p-value of 0.07 for Actinobacteriota and
Patescibacteria and a p-value of 1 for Cyanobacteria. Considering that the lack of
statistical significance could be due to the large variability among samples, the individual
results were also compared (Figure 2B-D). Again, although the results were apparently
different, when calculating the correlation coefficients, high R? values were obtained

(0.77,0.99 and 0.89 for samples 1, 2 and 3, respectively).
4. Discussion

Nowadays, metagenomic approaches, such as the 16S rRNA gene amplicon sequencing,
provide new insights into microbial compositions and several methodologies have been

optimized to measure this. However, it is important to consider that the optimized
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protocols have been constructed using specific sets of samples like mock communities,
which contain pure and defined microorganisms, or human or environmental samples,
with very different characteristics and distributions than the ones that can be found in fish
mucosal samples. In fact, we have recently described that gilthead sea bream gut mucosal
samples contain approximately 5-10% of bacterial transcripts, being the majority of
transcripts from host origin (Naya-Catala et al., 2022a). Hence, it is not unexpected that
the initial DNA input required in order to achieve a sufficient amount of template for 16S
rRNA amplification needs to be > 500 ng, which would roughly correspond to the 10
ng/ul of microbial DNA commonly specified in standardized protocols. The input
required will depend on the quantification method used and the percentage of host
material yielded by the extraction protocol. Thus, the template amount should be
optimized for each specific protocol. In fact, Kennedy et al. (2014) reported that higher
overall template concentration should be used for amplicon-based 16S rRNA sequencing
in the case of low nucleic acid recoveries in samples with limited microbial biomass (e.g.

surfaces, skin, and tissues).

Among the previously indicated factors that affect the accuracy of the results using the
ONT MinION sequencer (D’ Amore et al., 2016; Golebiewski and Tretyn, 2020; Hongoh
et al., 2003; Sipos et al., 2007), we focused on the number of PCR cycles and the
annealing temperature to optimize the best conditions for our gilthead sea bream gut
mucosal samples. Concerning the number of PCR cycles, we added five extra cycles to
the standard protocol (25 cycles), and even though several studies showed that greater
PCR cycle numbers can cause chimera generation and/or interfere with bacterial
community structure analysis (Gotebiewski and Tretyn, 2020), under our conditions, we
did not detect significant biases or problems with the quality of the reads, including

chimera formation, as evidenced by the high number of retained and assigned reads (>
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90%). Similar studies, dealing with the optimization of ONT technologies for non-
standard samples, reported that the increase in the number of cycles is necessary when
working with samples with low amounts of microbial cells (Fujiyoshi et al., 2020).
Regarding the annealing temperature, its significant effects on PCR bias have been
characterized before (Peng et al., 2018; Sipos et al., 2007). In these types of multitemplate
PCRs, primers have different binding energies depending on the template which will have
different GC content and different mismatches (Laursen et al., 2017). Thus, it was
suggested that the annealing temperature used in multitemplate PCRs should be the
lowest possible where the reaction is still specific (Peng et al., 2018; Sipos et al., 2007).
Our results show that with our primers and conditions, higher temperatures tend to have
a bias towards Proteobacteria. An annealing temperature of 52°C reduced this bias and
demonstrated to be more specific when amplifying known bacterial communities,
illustrated by the higher correlation coefficient in the Mock2 sample. Thus, considering
the number of phyla, unspecific amplification products, and the distribution of the
bacterial community, 30 cycles and 52°C annealing temperature were the most suitable

conditions for our type of samples.

Within the many sources of variability for 16S amplicon sequencing results, the choice
of primers has been repeatedly reported as one of the most determinant (Fouhy et al.,
2016; Hongoh et al., 2003; Peng et al., 2018; Suzuki and Giovannoni, 1996; Walker et
al., 2015). Up to date, due to its accuracy, the most popular platform to study microbiota
by 16S amplicon sequencing is lllumina MiSeq. However, this platform only allows
sequencing of fragments of the 16S rRNA gene (100-300 bp), and several studies report
that different primer pairs targeting different regions of the gene, provide different
taxonomic results (Cai et al., 2013; Guo et al., 2013; Klindworth et al., 2013; Wang et al.,

2018). Besides, short-read sequencing allows lower resolution during taxonomic
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assignment (Wommack et al., 2008). In addition, there is evidence of multiple sources of
bias of Illumina-based bacterial 16S rRNA sequencing, including GC content, DNA
extraction protocol, sample storage conditions and library preparation (Aird et al., 2011;
Cardona et al., 2012; Kennedy et al., 2014; Sato et al., 2019; Schirmer et al., 2015).
Concerning the PCR conditions, Aird et al. (2011) found that factors such as the
thermocycler and temperature ramp rate, play a surprisingly big role in introducing bias.
Thus, it is clear that comparisons between two different platforms (Illumina MiSeq and
ONT MinlION) using different sets of primers targeting different regions (V3-V4 and full
length, respectively), library preparation protocols, PCR conditions, and posterior
bioinformatic analysis will hardly yield fully comparable results. In our case, the
comparison of the data generated using both platforms showed considerable overlap in
the detected taxa, at least at phylum level, but the higher abundance of Proteobacteria
(85.3%) detected by Nanopore full-length sequencing seems to mask the detection of less
abundant taxa as Actinobacteriota or Bacteroidota, whose functional relevance in gut
functions is well known (Estruch et al., 2015; Kormas et al., 2014; Magne et al., 2020;
Piazzon et al., 2019). The dominance of Proteobacteria is probably not an artifact, in fact,
Proteobacteria is the most abundant bacteria phylum in samples for marine origin

(Najafpour et al., 2021; Rosado et al., 2019; Salgueiro et al., 2020; Thomas et al., 2021).

Short-read and long-read sequencing approaches allow rapid, high-throughput, and
accurate classification of bacterial communities with identification of 16S rRNA genes
(Wei et al., 2020). Nevertheless, when it comes to the selection of sequencing platforms,
besides evaluating their characteristics and library preparation protocols available, the
expected output should be considered. In our case, we evaluated the microbial
composition of gut mucosal gilthead sea bream samples observing that although no

significant differences were observed in the most abundant phyla of bacteria, some taxa
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with lower abundance such as Actinobacteriota or Bacteroidota were not detected, being
masked by highly abundant phyla. These taxa, present in lower proportions, have been
previously defined as important in gut physiology (Estruch et al., 2015; Kormas et al.,
2014; Magne et al., 2020; Piazzon et al., 2019) and the V3-V4 primers designed for
Illumina 16S sequencing seem to amplify their presence allowing for a most accurate
biological interpretation concerning gut function and metabolism. Thus, the choice of
primers and sequencing platform needs to consider the aim of the study to obtain the
required results. In our hands, to have an enhanced view of gut metabolic function-related
taxa we would recommend the use of lllumina V3-V4 sequencing to zoom up in these
relevant, although less abundant, populations. Samples more related to the environment,
such as water samples or gill and skin mucosal samples, would benefit from the use of
ONT technologies, which provide accurate relative abundances in a low-cost and time-
efficient manner. The current study was focused on establishing an optimized protocol
and assess the differences between the two sequencing platform results, thus, a limited
number of samples was used. Future studies should be directed to evaluate optimal
number of samples, subsamples and replicates to maximize efficiency when using ONT

MinION sequencing.

5. Conclusions

The microbial composition of gilthead sea bream gut mucosal samples differed depending
on the PCR conditions and the sequencing platform used. Concerning the PCR results,
besides the primer choice, changes in the annealing temperature and number of cycles
had an effect on gilthead sea bream gut microbial samples. In addition, the results
demonstrate that it is not fully possible to compare amplicon data from different
sequencing platforms, especially when it comes to terms of abundance and not in terms

of the functionality of the taxa of interest, and the approach of the planned experiment.
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Finally, the ONT MinION device was validated with the ZymoBIOMICS™ mock
community amplicon data, and the 16S (SQK-16S024) ONT protocol was optimized in
order to work with gilthead sea bream mucosal samples, making this device suitable for
our future experiments, although the choice of platform will depend on the type of
information required from the experiment, the type of sample, the expected results, and

the time.
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Tables

Table 1. Description of the ZymoBIOMICS™ Microbial Community Standard II (Log

distribution), showing the theoretical composition in percentages, followed by the results

obtained by sequencing two samples with different PCR conditions (Mockl: PCR1,

Mock2: PCR4, Table 2).

Genus Phylum Theoretical Results Results
genomic Mockl (%) Mock2 (%)
DNA (%)
Listeria Firmicutes 89.1 70.6253953 72.09623
Pseudomonas Proteobacteria 8.9 17.9869543 20.08756
Bacillus Firmicutes 0.89 6.94775891 6.039736
Escherichia Proteobacteria 0.089 2.01739171 0.844545
Salmonella Proteobacteria 0.089 2.31229798 0.811664
Lactobacillus Firmicutes 0.0089 0.00504445 0.011261
Enterococcus Firmicutes 0.00089 0.02056583 0.020269
Staphylococcus Firmicutes 0.000089 0.00232821 0.00045
Saccharomyces Ascomycota 0.89 N/D N/D
Cryptococcus Basidiomycota 0.00089 N/D N/D
Other N/A 0.08226333 0.08828

N/D: not detected. N/A: not applicable.

Table 2. PCR conditions tested to prepare the MinlON input and results. Annealing

temperatures and the number of cycles were modified using the protocol recommended
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PCR conditions as a base (95°C for 1 min, 25 cycles of 95°C for 20 s, 55°C for 30 s, and

65°C for 2 min, and a final extension step of 65°C for 5 min), equivalent to PCR1.

PCR  Annealing Number of ~ Number of Eukaryotic sequence
temperature (°C) cycles bacteria phyla abundance (%)
>0.5% abundance
PCR1 55 25 5 5.17
PCR2 52 25 3 4.93
PCR3 55 30 3 0.24
PCR4 52 30 4 0.06
PCR5 55 25+10 5 0.01

Table 3. Relative abundance in percentage of gilthead sea bream gut mucosal samples

16S rRNA amplicons sequenced by MinlON when using two different PCR conditions.

Phylum PCR4 PCR5

Proteobacteria 85.30042051 96.88892776
Firmicutes 14.22259342 2.048680748
Actinobacteriota 0.024211079 0.384833875
Bacteroidota 0.381837708 0.559126165
Cyanobacteria 0 0.101555222
Others 0.006886186 0.016876231

Figure legends

Figure 1. Correlation plots between the expected standard distribution of the mock
community (X axis) and the relative abundances detected in our sequencing output (Y
axis). Mock1 was sequenced using the standard PCR conditions described in the original
protocol (PCR1, Table 2), whereas Mock2 was sequenced using the conditions optimized

for gilthead sea bream mucosal samples (PCR4, Table 2).
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Figure 2. Relative abundance in percentage of gilthead sea bream gut microbiota phyla
(> 0.25% in abundance in at least one sample) in samples sequenced with the Illumina
Miseq and the ONT-MinlON platforms. A) Average of the same three samples sequenced
in each platform. No significant differences were found between phyla (Mann-Whitney

U test, p > 0.05). B-D) Individual profiles obtained for each of the three samples
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