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Abstract: Neanthes japonica has high commercial value. The gut microbes in N. japonica can maintain
the normal biological functions of the host. However, information on the gut bacterial community
of N. japonica and its relationship with the surrounding environment is unclear. In this study, we
used high-throughput sequencing technology to investigate the bacterial communities in the gut
of N. japonica and soil. The results showed that the bacterial community diversity and structure
differed obviously between the gut and soil samples. Bacterial richness and diversity in the gut
samples decreased considerably compared to soil samples. In addition, dominant bacterial taxa
varied significantly between the gut and soil samples. The dominant phyla in the gut and soil
samples were Proteobacteria, Bacteroidota and Planctomycetota. The dominant genus in the gut was
Burkholderia-Caballeronia-Paraburkholderia, while the dominant genera in the soil were Woeseia and
Subgroup_23. In conclusion, the similarity between the bacterial communities in soil and the gut of
N. japonica was small, indicating that soil had little effect on the establishment of the gut bacterial
community. This study provides a better understanding of the gut bacterial community in N. japonica
and the influence of the external environment on the colonization of the gut bacterial community.

Keywords: gut microbiota; high-throughput sequencing; N. japonica; soil

1. Introduction

Gut microbes have attracted much attention due to their important role in maintaining
the homeostasis of their hosts. It is widely accepted that gut microbes and their metabolites
play an essential role in a range of biological functions of the host, such as nutrition and
energy harvesting, immunity and inflammation regulation and neural transmission [1,2].
Several factors influence the colonization of microbial communities in the gut. Host
phylogeny, growth stage, diet and health status have been shown to affect the composition
and diversity of gut bacterial communities [3,4]. In addition, microorganisms in the external
environment may contribute to the establishment of microbial communities in the guts
of animals. It is documented that the gut microbes of soil invertebrates are gradually
assembled from the soil micro-ecological zones [5]. Traditionally, the isolation and culture
method is usually used to analyze the microbial community, but it cannot completely isolate
the microorganisms from samples, which makes it difficult to accurately reflect the number
of microorganisms [6]. PCR-DGGE and next-generation high-throughput sequencing
based on 16S ribosomal RNA (rRNA) analysis are widely used for better identification of
poorly described, rarely isolated bacterial strains [7]. The PCR-KGGE method has a length
limitation, generally analyzing sequences less than 500 bp in length [6]. Conversely, high-
throughput sequencing is an effective tool to comprehensively reflect microbial information
in samples.
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Neanthes japonica, a polychaete, is a euryhaline species native to China and Japan. It is
widely present in estuarine systems, living as a deposit-feeder near the surface of sedimen-
tary deposits rich in bio-detritus [8,9]. Due to its high nutritional value, it is considered as
high-quality food for many aquatic organisms, such as fish and crustaceans, and is used as
bait in sea fishing [9]. In addition, it has been widely recognized as an ideal feed for shrimp
aquaculture. N. japonica is shrimp bait and provides a suitable living environment for the
growth of shrimp through bioturbation [10]. For N. japonica, some papers have focused
on the purification and characterization of fibrinolytic enzymes from N. japonica in recent
years [11,12]. However, studies on the gut bacterial community diversity and composition
structure of N. japonica, as well as their relationship with external environmental factors, are
not well-known. In this study, we used high-throughput sequencing to analyze bacterial
community diversity and composition in the gut of N. japonica and in soil, and further
elucidated the relationship between bacterial communities in these two environments.

2. Materials and Methods
2.1. Samples Collection

Sampling was carried out at the Yellow River delta (37◦16′ N–38◦16′ N, 118◦20′ E–
119◦20′ E). Four 1 m × 1 m plots were set up and the distance between the adjacent plots
was 100 m. Visible plant litter and stones were removed, and soil samples were collected in
0–10 cm layers from each plot with a soil auger. After collection, soil samples were brought
back in boxes filled with dry ice. N. japonica were removed from the soil and placed in the
soil of the original habitat and then taken back to the laboratory alive. The N. japonica with
a weight of 2.2 ± 0.6 g were randomly picked, placed in ice and washed with 75% alcohol
and sterile distilled water. Afterwards, the samples were dissected aseptically, and the gut
tissues were collected. The collected gut tissues (the Gut group) and soil samples (the Soil
group) were stored at −80 ◦C until DNA extraction.

2.2. DNA Extraction and Polymerase Chain Reaction (PCR) Amplification

According to the manufacturer’s instruction, total genomic DNA from soil samples
was extracted using E.Z.N.A. Soil DNA Kit (D4015, Omega, Inc., Norcross, GA, USA) and
total genomic DNA in gut samples was extracted using E.Z.N.A. Stool DNA Kit. The
extracted DNA purity and quality were assessed using an ultraviolet spectrophotometer
and agarose gel electrophoresis. PCR was conducted to amplify the V3-V4 region of the
bacterial 16S rRNA gene using the primers 341F (5′-CCTACGGGNGGCWGCAG-3′) and
805R (5′-GACTACHVGGGTATCTAATCC-3′) under the following conditions: an initial
denaturation at 98 ◦C for 30 s, 32 cycles of denaturation at 98 ◦C for 10 s, annealing at
54 ◦C for 30 s, extension at 72 ◦C for 45 s and final extension at 72 ◦C for 10 min [13]. The
reaction mixture contained 25 ng of template DNA, 12.5 µL PCR Premix, 2.5 µL of each
primer and PCR-grade water to adjust the volume. PCR products were confirmed with 2%
agarose gel electrophoresis, purified using AMPure XT beads (Beckman Coulter Genomics,
Danvers, MA, USA) and quantified using Qubit (Invitrogen, Carlsbad, CA, USA). Then,
the amplicons pools were established and pair-end 2 × 250 bp sequencing was conducted
using the NovaSeq 6000 sequencer at Lc-Bio Technologies Co., Ltd (Hangzhou, Zhejiang
Province, China). Raw sequence data were deposited in the Sequence Read Archive (SRA)
database of NCBI under accession number (SRR18906812-18906819), BioProject number
(PRJNA830633) and Biosample number (SAMN27734950-27734957).

2.3. Sequencing Process and Statistical Analysis

Pair-end reads were assembled into samples based on barcode, and then barcode and
primer sequences were cut. Pair-end reads were merged using FLASH v1.2.8. High-quality
clean tags were obtained via filtering chimeras and removing sequences less than 100 bp
in length. After dereplication using Divisive Amplicon Denoising Algorithm (DADA2)
plugin in QIIME2, we obtained amplicon sequence variants (ASVs) table and singletons
ASVs were removed [14]. Alpha diversity indices (Chao1 and Shannon indices) were
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calculated using QIIME2 software (version 2019.1). Chao1 and Shannon indices were
used to evaluate bacterial community richness and diversity of samples, respectively. We
used the Kruskal–Wallis to test the differences in bacterial alpha diversity. The Venn
diagram was generated using the R VennDiagram package [15]. Principal coordinate
analysis (PCoA) with unweighted UniFrac distance was used to visualize the differences
in bacterial community structure. The plot of PCoA was generated using the R vegan
package [16]. Additionally, permutational multivariate analysis of variance (PERMANOVA)
was performed to provide statistical insight into the PCoA results. The heatmap with
hierarchal clustering was performed to visualize similarities and differences in the microbial
community composition among samples.

3. Results
3.1. Bacterial Diversity

After sequencing, 565,680 raw reads were obtained. There were 565,680 effective reads
after filtering raw reads. The richness and diversity of bacterial communities exhibited
significant differences between the Gut and Soil groups. The diversity index (Shannon
index) and richness index (Chao1 index) decreased significantly (p < 0.05) in the Gut group
compared to the Soil group (Figure 1), indicating that the soil bacterial community was
more diverse.
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Figure 1. Differences in alpha diversity indices of bacteria ((a) Chao1; (b) Shannon).

The Venn diagram showed the number of shared and unique ASVs between Soil and
Gut groups. The number of unique ASVs in the Gut group and Soil group was 414 and
9427, respectively. The number of shared ASVs was 54 (Figure 2). The small proportion
of shared ASVs in the total ASVs of the two groups represented the notable difference in
bacterial communities.

PCoA based on unweighted UniFrac distance was performed to determine the dif-
ference in the composition structure between the groups. The PCoA1 and the PCoA2
explained 54.77% and 9.62% of variations, respectively (Figure 3). The result of PCoA
showed clear separations into the two groups, representing the difference in bacterial com-
munities. In addition, samples from the same group were clustered together and samples in
the Soil group showed higher similarity than those in the Gut group. To statistically support
the clustering of the bacterial communities between the two groups, p-value was evaluated
via PERMANOVA method. The bacterial community showed significant dissimilarity
(p < 0.05) between the two groups.
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3.2. Bacterial Community Composition

The relative abundance of the bacterial communities at the phylum level is shown
in Figure 4a. The dominant phyla (relative abundance more than 1%) in the Gut group
were Proteobacteria (93.06%), Bacteroidota (2.11%), Firmicutes (1.96%) and Planctomycetota
(1.02%). The dominant phyla (relative abundance more than 1%) in the Soil group were
Proteobacteria (57.41%), Acidobacteriota (7.25%), Chloroflexi (6.83%), Bacteroidota (6.78%),
Gemmatimonadota (3.12%), Actinobacteria (3.01%), Epsilonbacteraeota (2.01%), Planctomycetota
(1.72%) and Verrucomicrobiota (1.16%). Proteobacteria were the most abundant phylum in the
two groups.

There were significant differences (p < 0.05) in the relative abundance of bacterial
communities, including Proteobacteria, Acidobacteriota, Chloroflexi, Gemmatimonadota and
Actinobacteria (Figure S1).

The relative abundance of the bacterial communities at the genus level are shown in
Figure 4b. Except for the unclassified genera, the dominant genus (relative abundance
more than 1%) in the Gut group was Burkholderia-Caballeronia-Paraburkholderia (86.04%).
The dominant genera in the Soil group were Woeseia (5.45%) and Subgroup_23 (2.06%).
The heatmap also reflected the distribution of bacteria genera in all samples (Figure 5).
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These results indicated that there were considerable differences in the bacterial community
composition between the Gut group and the Soil group.
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4. Discussion

Gut microbes contribute to the health and metabolism of hosts. The development
of next-generation sequencing has enabled a comprehensive identification of taxa in the
microbial community. The variation in the gut microbes is induced by a host (i.e., host
diet, age and behavior) and external environmental factors. In this study, we used high-
throughput sequencing to explore the bacterial community composition and diversity in
the gut of N. japonica, and compared it with the bacterial community in soil, subsequently
discussing the relationship between them.

In the gut of N. japonica, we found that the dominant phyla including Proteobacteria,
Bacteroidota and Firmicutes also constituted the dominant bacterial phyla in the gut of some
crustaceans, for example, the black tiger shrimp [17], the Chinese mitten crab [18] and
Penaeus vannamei Boone [19]. However, the proportion of the dominant phyla in the gut of
N. japonica differed from that in other animals, manifested as the decreased proportions
of Bacteroidota and Firmicutes. The three dominant phyla can promote the health and
development of the host. Proteobacteria were the most abundant phylum identified in the
gut of N. japonica, with an absolutely high relative abundance. This result was in line
with previous studies that Proteobacteria were the most abundant phylum in the gut of
earthworms, the domesticated silkworm and the black tiger shrimp [20–22]. The dominance
of Proteobacteria may be explained by their stronger nutrition acquisition capacity compared
to other phyla [8]. Proteobacteria are often facultatively or obligately anaerobic and thus can
adapt to a range of oxic conditions. Therefore, Proteobacteria contribute towards maintaining
the homeostasis of the anaerobic environment of the gut [23]. Firmicutes have been shown
to be beneficial to carbon metabolism [7]. Bacteroidota have been found to promote digestion.
They can help the host degrade high molecular weight organic matter and plant cell wall
compounds [24]. Members of the phylum Bacteroidota were not identified in all gut samples
and their proportion in the bacterial community was low. According to the previous study, a
low relative abundance of Bacteroidota was due to diet or biopolymer degradation functions
of other gut microbes [24]. Therefore, Bacteroidota are not likely commensal inhabitants to
N. japonica and their presence in the gut of N. japonica may be due to dietary reasons.

In previous studies, in the gut of some animals, such as the black tiger shrimp, Chinese
shrimp and sea cucumbers, Vibrio were the most commonly found bacterial genus [20,25,26].
Although Vibrio are commonly considered a pathogen for aquatic animals, some avirulent
strains have been used as probiotics, increasing disease resistance in the host [17,26]. In
addition, Zhang et al. used PCR-KGGE technology to analyze the gut bacterial in Perinereis
aibuhitensis, finding that the most abundant genera were Propionigenium, followed by
Pseudoalteromonas, which can maintain the normal physiological functions of the host [27].
However, in the present study, except for the unclassified genera, the bacterial community
in the gut of N. japonica was dominated by Burkholderia-Caballeronia-Paraburkholderia, which
was different from previous studies. Burkholderia-Caballeronia-Paraburkholderia belong to
Proteobacteria, and have been found in the gut of triatomines [28]. They may be a kind of
biological probiotic [29].

Numerous studies have been carried out to understand the correlation of microor-
ganisms in the gut of animals with those from the associated environment. It has been
proposed that some of the bacteria identified in the gut of fish came from water or sed-
iment [30]. In addition, the gut microbial community structure in shrimp also changes
in response to the variation in the microorganisms in the external environment, showing
a close link between bacterial communities in the gut of shrimp and those in its living
environment [19,31]. However, it has also been shown that the bacterial community di-
versity and composition in the half-smooth tongue sole gut were distinct from that in the
surrounding environment [32]. In the present study, our results showed that the bacterial
community diversity and structure in the gut of N. japonica differed distinctly from those in
soil, which reflected that bacterial communities in the N. japonica gut might be independent.
Changes in environments caused a considerable variation in bacterial community diversity.
The diversity of bacterial communities in the gut of N. japonica was significantly lower
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than that in soil, supported by the Shannon and Chao1 indices. The decrease in bacterial
diversity from the external environment to the gut was consistent with previous studies,
which showed that the diversity of bacterial communities in the gut of mud crab [33],
Penaeus vannamei Boone [19] and half-smooth tongue sole [32] was lower than that in the
environment they inhabit. The dominant bacterial taxa differed and the relative abundance
of the same taxa also varied in the two environments. The dominant phyla identified in
both the gut of N. japonica and soil were only Proteobacteria, Bacteroidota and Planctomycetota.
The relative abundance of Proteobacteria was considerably higher in the gut of N. japonica
than that of soil, whereas there were no significant differences in the relative abundance of
Bacteroidota and Planctomycetota in the two environments. At the genus level, the relative
abundance of Desulfobulbus increased considerably in soil (Figure S2). Desulfobulbus are
sulfate-reducing bacteria, which can drive the reduction reactions in the sulfur cycling
in soil ecosystems [34]. The relative abundance of Delftia increased considerably in the
gut of N. japonica (Figure S2). They are strictly aerobic and chemo-organotrophic with
the characteristic of degrading organic matter. It was reported that they might increase
the chance of disease in a host with a weakened resistance [35]. We did not obtain the
reasons for the differences between bacterial communities in the gut and soil, thus it can be
investigated in the future.

5. Conclusions

In this study, we identified the gut bacterial community in N. japonica and found a
small similarity between the bacterial communities in the gut of N. japonica and soil. The
bacterial diversity and richness in soil were significantly higher, which was consistent
with previous studies. Bacterial taxa also differed significantly in the two environments.
In the gut of N. japonica, we found that Proteobacteria absolutely dominated the bacterial
community. At the genus level, the potential pathogen Delftia was identified in the gut. The
reasons for the differences in bacterial communities in soil and the gut of N. japonica need
to be further explored.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/d14070514/s1, Figure S1: The boxplot of bacterial taxa with
significant difference at the phylum level; Figure S2: The boxplot of bacterial taxa with significant
difference at the genus level; Table S1: Alpha diversity indices.
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