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Abstract:

The microbial communities in Penaeus orientalis' habitats are important to the quality of the species. This
study utilized the PacBio sequencing platform to analyze the microbial diversity in the different habitats of
the species. The analysis indicates that the shrimp pond sediment samples have a greater number of features
compared to the intertidal gully sediment samples, with a total of 1910 feature sequences overlapping
between the two. According to the results of beta diversity analysis showed that the sediment samples in the
intertidal gully were far away from the sediment samples in the shrimp pond, indicating a great difference in
microbial flora species. Sediment samples from shrimp ponds showed the presence of dominant bacteria
genera such as Sulfurovum and Lactobacillus. According to KEGG functional prediction analysis, the
relative abundance of the Translation metabolic pathway in sediment samples was significantly higher
compared to that of intertidal gullies sediment samples. In both samples, the highest abundance of metabolic
pathways was Translation, whereas the abundance of metabolic pathways related to Signaling molecules
and interaction metabolic pathways was relatively low. The COG function prediction analysis revealed that
the abundance of Signal transduction mechanisms in the sediment samples from intertidal gullies was higher
than those in the samples from shrimp pools. The results of this study analyzed the environmental
adaptability of P. orientalis from the perspective of habitat environment and provided a basis for the
development of strains that have special functions and natural metabolites in the sediment.
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Introduction

prawns is limited, which usually results in the
retention and enrichment of a large amount of
organic matter in the sediment at the bottom of the
prawn pond®. A large amount of nitrogen,
phosphorus, organic matter, and microorganisms
accumulated in the sediment under the influence
of aquaculture bait and excrement®® * %I The
sediment at the bottom of a shrimp pond contains
organic matter that, when disturbed by external
factors, can release excess nutrients into the water.
This can lead to eutrophication, which disrupts the
balance and circulation of the entire culture
system and its microbial homeostasis [6]. The
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The bottom sediments of shrimp ponds and
intertidal gullies harbors a diverse community of
microorganisms including prokaryotic, photo
oxygen, and heterotrophic eukaryotic
microorganisms. Microorganisms play a vital role
in the circulation of matter and energy within
ocean and lake ecosystems, and are essential to
maintaining the quality of prawns®™™. In the
process of artificially cultivating prawns, it is
common practice to provide them with an external
diet to maintain their growth and metabolic
functions. However, the utilization of diet by
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microbial community in sediment is an important
part of an aquatic ecosystem. Microorganisms
have the ability to impact the distribution and
transformation of nutrients in sediments, as well
as the intestinal microbial homeostasis of prawns
through processes such as assimilation, alienation,
and adaptation to changing environmental
conditions!” &. To gain a better understanding of
the distribution of microorganisms in aquatic
ecosystems and their impact on prawn health, it is
crucial to study the changes in major microbial
communities in sediments from various habitats.

Currently, microbial species identification and
community richness analysis are predominantly
conducted through traditional culture and
molecular biology methods. However, these
methods have limitations in identifying the total
number of microbial populations, thereby failing
to provide an accurate reflection of the microbial
groups and diversity present in the environment!®).
The advancement of molecular biology
technology towards high throughput and high
precision has resulted in the emergence of
sequencing technology with several technical
advantages. This technology does not require in
vitro culture and exhibits high sensitivity,
enabling the detection of many microorganisms
that cannot be cultured. This discovery paves the
way for the development of related functional
microorganisms and natural products™. Intertidal
gullies are located in the area connecting shrimp
ponds and marine tidal flats, being significantly
influenced by human activities (industrial and
agricultural), which is of great significance for
studying the impact of wild environments on the
quality of penaeid shrimp.

In this study, sediment (0~2 cm) was collected
from shrimp ponds and different parts of adjacent
intertidal gullies in Liuzan town (latitude:
39.222750, longitude: 118.661660), Tangshan
city. lllumina Miseq high-throughput sequencing
technology based on 16S rRNA gene was used to
study microbial communities in sediment under
different environments, explore the potential
relationship  between  microbial community
structure and environment, and provide a
theoretical basis for a high-quality culture of P.
orientalis shrimp.

Materials and Methods
Sample Collection and Preservation

Sediment samples were taken from various
locations of shrimp ponds (C1, C2 and C3) and
intertidal gullies (D1, D2 and D3). Under aseptic
conditions in the laboratory, an appropriate
amount of sediment was removed from a super-
clean workbench and immediately placed in a 1.5
mL aseptic freeze-storage tube. After the liquid
nitrogen was frozen, it was placed in a -80°C
refrigerator.

Extraction and high-throughput sequencing of
total DNA of samples

TGuide S96 soil/fecal genome DNA extraction Kit
(TianGen, Beijing) was used to extract total DNA
from shrimp pond and intertidal gully mud
samples. Full-length amplification of 16S rDNA
gene was performed using primers 27F~1492R
(27F: 5 -AGRGTTTGATYNTGGCTCAG-3,
1492R:  5-TASGGHTACCTTGTTASGACTT-
3'). The amplification conditions were as follows:
95°C (predenaturation) for 5 min; 95°C
(denaturation) 30 s, 50°C (annealing) 30 s, 72°C
(extension) 60 s, 20 cycles; 72°C (extended) for 5
min. The purity of the samples was determined by
agarose gel electrophoresis (gel concentration:
1.8%; voltage: 70 v; electrophoresis time: 40
min). The 16S rDNA gene was sequenced on the
PacBio platform by Beijing Biomarker
Technologies (Beijing, China). Three replicates
per sample.

Data Processing

Sediment microbial sample data processing. After
obtaining sequencing data of all samples, lima
v1.7.0 software was first used to remove barcode
for CCS identification and obtain Raw-CCS
sequence data. Cutadapt 1.9.1 software was used
to identify and remove primer sequences and
perform length filtering to obtain Clean-CCS
sequences without primer sequences. Using
UCHIME v 4.2 software, the chimera sequence
was identified and removed to obtain the final
valid data. The species were compared with
SILVA database and classified. QIIME software
was used to generate species abundance tables at
different taxonomic levels. Then R language tool
was used to draw community structure maps of
samples at different levels. The Alpha diversity
index of samples was evaluated using QIIME2
software. PICRUSt2 software was used to predict
the functional abundance of samples based on the
sequence abundance of marker genes.

CURRENT SCIENCE

CS 5 (4), 3735-3746 (2025) | 3736



CURRENT SCIENCE

Guoxing Ma et al.

Statistical Analysis

QIIME2 2020.6 software was used to calculate the
alpha diversity index of samples, including
observed species (ACE), Chaol index, Simpson
index, and Shannon index*. Excel 2010 was
used to analyze and process the data and make
corresponding tables. SPSS 22.0 software was
used for one-way ANOVA analysis and multiple
comparisons.

Results
Sample Sequencing and Valid Data Statistics

Following the sequencing of sediment samples
from shrimp ponds (C1, C2 and C3) and intertidal
gullies (D1, D2 and D3), 145,593 CCS sequences
were obtained by barcode identification
(Genebank: PRJNA1011836). Each sample
produced at least 22,717 CCS sequences, with an
average of 24,266 CCS sequences. The average
length of the sequence was 1461.5 bp. Among
them, the sediment samples of shrimp pond and
intertidal gully had effective CCS values of
66,756 and 76,423, respectively. In addition, the
whole  sediment sample quality control
effectiveness was 98.29% on average (Table 1).

Table 1 Statistics of sequencing data processing results in soil sample

Name Results
Raw CCS 145,593
Average raw CCS 24,266
Clean CCS 145,472
Effective CCS 143,179
Average length (bp) 1461.5
Average effective percent (%) 98.29

After sequencing, cluster analysis was used to identify 2010, 1884, and 1643 OTUs from the sediment
samples of shrimp ponds (C1, C2 and C3). 2154, 2043 and 2157 OTUs were obtained from the intertidal
gully bottom mud samples (D1, D2 and D3) (Supplementary Fig.1).
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Supplementary Fig.1 Distribution of the number of characteristics of each sample

The shrimp pond bottom mud samples have more
feature sequences than the intertidal gully bottom

mud samples, and 1910 feature sequences of those
features overlap (Supplementary Fig.2).
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Supplementary Fig.2 Feature venn diagram

Alpha Diversity Analysis

Alpha diversity reflects richness and richness
mainly through ACE, Chaol, Simpson, Shannon,
PD_whole_tree and Coverage indexes. In this
study, the Chaol index of the shrimp pond
sediment sample is the highest, ranging from
2,249.0698 to 2,510.9914, and the richness is the

lowest. The Chaol index of the intertidal gully
sediment samples is 2,382.0452~2,542.2173, with
the highest richness. The dilution curve of
observed species shows that the number of
detected feature sequences from high to low are
intertidal gully bottom mud samples and shrimp
pond bottom mud samples (Supplementary
Fig.3).
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Supplementary Fig.3 Dilution curve of observed species
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Shannon index dilution curve showed that the
species diversity of intertidal gully bottom mud
samples was higher than that of shrimp pool
bottom mud samples, and all curves tended to be

flat, indicating that the sequencing quantity was
large enough and the sequencing results were
reliable (Supplementary Fig.4).
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Supplementary Fig.4 Dilution curve of Shannon index

Coverage refers to microbial coverage. The higher
the value, the lower the probability that the new
species in the sample was not detected. In this

study, the coverage index of all samples was close
to 1, indicating that the sequencing results were
true and reliable (Table 2).

Table 2 Alpha diversity index statistics

Sample | Feature | ACE Chaol Simpson | Shannon | PD whole tree | Coverage
Cl 2010 2508.5545 | 2510.9914 | 0.9834 |8.5378 | 144.9226 0.9709
C2 1884 2294.6765 | 2287.5213 | 0.9807 | 8.367 115.3356 0.9748
C3 1643 2113.2326 | 2249.0698 | 0.9889 |8.4941 | 136.0704 0.9716
D1 2154 2605.156 2519.2365 | 0.9938 |8.9336 | 145.7536 0.9757
D2 2043 2423.6161 | 2382.0452 | 0.9937 | 8.9069 | 144.5814 0.9757
D3 2157 2567.3622 | 2542.2173 | 0.9938 | 9.0256 | 151.066 0.977

Beta Diversity Analysis

Based on Bray-Curtis distance, PCA (Principal
components analysis) analysis was carried out,
and the principal coordinate combination with the
largest contribution rate was selected for drawing
display. Differences between sample groups were
observed through PCA, and different colors

represented different groups in the results. The
closer the samples were, the more similar the
microbial composition and structure were between
the samples; otherwise, the greater the difference
was. The distance between the sediment samples
from the intertidal gully and the sediment samples
from the shrimp pond indicates a large difference
in microbial flora species (Supplementary Fig.5).
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Supplementary Fig.5 Schematic diagram of PCA analysis

UPGMA (Unweighted Pair-group Method with
Arithmetic Mean) cluster analysis can also fully
support the above results. In UPGMA, different
color branches represent different groups. The
clustering tree shows the similarity between

0.08

samples. The shorter the branch length between
samples, the more similar the two samples are;
otherwise, the greater the difference is
(Supplementary Fig.6).

Supplementary Fig.6 UPGMA hierarchical cluster analysis

Analysis of Species Composition

The statistical results of the species in the samples
showed that there were 1,111 species, 82 classes,
230 orders, 384 families, 774 genera, 38 phyla of
bacteria in shrimp pond sediment samples. The

intertidal gully sediment samples belong to 34
phyla, 80 classes, 224 orders, 355 families, 671
genera, 914 species. The alterations in sediment
samples at the phyla, genus, and species levels are
the main focus of this investigation (Table 3).
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Table 3 High-throughput sequencing results in soil sample

Sample | Kindom | Phylum | Class Order Family | Genus Species
Cl 2 34 74 190 296 498 618

C2 1 33 71 182 272 446 560

C3 2 34 72 164 298 591 844

D1 2 33 75 197 312 554 711

D2 2 33 75 196 302 521 664

D3 2 33 74 195 309 550 714
Total 2 38 86 253 424 888 1316

Phylums-Level Composition of the Flora

At the phylum level, a total of 38 phyla were
obtained from the species composition analysis.
The top ten species in terms of abundance were
chosen for classification, and stacked bar charts
were used to show the relative abundance of each
category (Fig.1). Bacteroidota (17.231%),
Proteobacteria (16.995%) and Desulfobacterota
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(14.009%) are the most common bacteria in the
bottom mud samples of the shrimp pond. In the
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(28.032%) and Bacteroidota (13.395%) are
predominant bacteria. Need to explain is
unclassified_Bacteria appear here refers to the
match in the database on the target sequence from
the culture identification of microorganisms.

Figure 1 Bar chart of the relative abundances of bacteria at the phylum level

Genus-Level Composition of the Flora

At the genus level, a total of 888 genera were
obtained by species composition analysis. The 10

species with the highest abundance were selected
to be classified, and the relative abundance of
each group was displayed in stacked bar charts
(Fig.2). The shrimp ponds the dominant bacteria
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genera in sediment samples for Sulfurovum
(12.599%) and Lactobacillus (4.552%). intertidal
gullies are the dominant bacteria genera in

sediment samples for
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Figure 2 Bar chart of the relative abundances of bacteria at the genera level

Species-Level of Composition of Flora

At the species level, a total of 788 species were
obtained from the species composition analysis.
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bar charts (Supplementary Fig.7).
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The dominant bacteria in the sediment samples of
shrimp pools are Sulfurovum_lithotrophicum
(7.409%) and epsilon_  proteobacterium_
endosymbiont_of Lamellibrachia_satsuma (4.4
60%) and uncultured_delta_proteobacterium (4.36
2%). intertidal gully sediment samples of
dominant species for uncultured_  delta_
proteobacterium (8.918%), uncultured_ gamma_
proteobac-terium (5.601%) and unclassified_
Desulfobu Ibaceae (4.857%)

Predictive Analysis of Functional Genes

PICRUSt2 software was used to annotate the 16S
rRNA gene sequences in the sediment samples of
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prawn survival in KEGG and COG databases.
Analysis of KEGG Function Prediction

By comparing the sediment samples from prawn
ponds and intertidal gullies by gene annotation,
five distinctly different KEGG metabolic
pathways were discovered (P<0.05) (Fig.3). In
comparison to intertidal gully sediment samples,
shrimp pond sediment samples had a much greater
relative abundance of the Translation metabolic
pathway. Translation was the metabolic pathway
with the largest abundance in both samples, while
Signaling molecules and interaction metabolic
pathways was very low.
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Figure3 Histogram of KEGG metabolic pathway

Analysis of COG Function Prediction

COG is a prokaryotic homologous protein cluster
database, which is commonly used for functional
classification of prokaryotic proteins. One
functional annotation with significant difference
was obtained between the shrimp pond and

B B

Stgnal transduchion mechanisns

intertidal gully sediment sample treatment group
(P<0.05) (Fig.4). The function abundance of
Signal transduction mechanisms in intertidal gully
sediment samples is higher than that in shrimp
pond sediment samples. Signal transduction
mechanisms had the highest abundance of
functional annotation.
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Discussion

Numerous bacteria live in the muck at the aquatic
ecosystem's bottom. It is engaged in numerous
biological processes, including  nutrient
metabolism, energy balance, and the enhancement
of water quality, thanks to its varied species and

moment, molecular biological techniques are
mostly used for the identification and functional
analysis of sediment microorganisms. High-
throughput sequencing technology has recently
offered a potent way to fully comprehend the
microbial community structure in the muck at the
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bottom of prawn cultivation ponds. In this study,
Illumina Miseq sequencing technology was used
to detect the 16S rRNA sequence of bacteria, and
the species diversity and community structure of
bacteria in the sediment of prawns reared in
different species were systematically analyzed.

Data analysis showed that the microbial diversity
and richness of the intertidal gully bottom mud
samples were higher than those of the shrimp pool
bottom mud samples. The results indicated that
the microbial diversity and richness of sediment
were affected by the environment in which the
prawn was cultured. In addition, there were
abundant species of sediment bacteria in prawn
culture, and the 16S rRNA sequences were
annotated into 2 kingdoms, 38 phyla, 86 classes,
253 orders, 424 families, 888 genera, and 1316
species. The microbial diversity of shrimp pond
and intertidal gully bottom mud is Bacteroidota,
Proteobacteria, and Desulfobacterota, but the
proportion is slightly different. This is similar to
previous studies on major phyla in shrimp
intestines and sediments!*® (Fig.1). A total of 888
genus bacteria were identified in the sediment
samples, which was much higher than the current
results based on the traditional plate culture
technique and library construction method!%.
This research not only isolated from sediment
samples to the dominant bacteria genera in
Sulfurovum, Lactobacillus and separation of
culture or not bacteria genera
unclassified_Desulfobulbaceae,
uncultured_delta_proteob appraisement of
advantage Acterium and unclassified_Bacteria,
unclassified_Sval033, unclassified Bacteria, and
unclassified_Desulfosarcinaceae. It can be seen
that Illumina MiSeq high-throughput sequencing
technology based on 16S rRNA can more
comprehensively reveal the structure composition
and diversity of intestinal microorganisms of P.
orientalis (Fig.2).

In  this study, Sulfurovum_lithotrophicum
(7.409%) of the genus Sulfurovum was found to
be the dominant bacterial species in the bottom
mud of shrimp ponds (Supplementary Fig.7).
The bacterium Sulfurovum is commonly found in
seawater, surface sediments and dominant
animals. The genus Sulfurovum plays an
important role in the carbon, sulfur and nitrogen
cycles of the ocean™. Given the culturable
characteristics of this genus, subsequent studies

on its physical and chemical properties, location
distribution, quantitative dynamics, mode of
transmission and biological functions will become
feasible. In addition, a certain percentage of
Lactobacillus was also found in the sediment
(Supplementary Fig.7). The probiotics can be
used as feed additives to regulate intestinal flora,
improve the physiological function and cognitive
ability of animals, and help the host to resist the
infection of foreign pathogens® #. In addition,
through the comparison of gene annotation, it was
found that five significantly different pathways of
KEGG metabolism were obtained in the sediment
sample treatment groups of shrimp pond and
intertidal gully prawn survival (P<0.05) (Fig.3).
The relative abundance of Translation metabolic
pathway in shrimp pond sediment samples was
significantly higher than that in intertidal gully
sediment samples. The highest abundance of
metabolic pathways in both samples was
Translation, while the relative abundance of
Signaling molecules and interaction metabolic
pathways was low. COG functional prediction
analysis found that the functional abundance of
Signal transduction mechanisms in intertidal gully
sediment samples was significantly higher than
that in shrimp pond sediment samples (Fig.3-4).
The function prediction of these sediment
microorganisms is helpful to the development and
application of subsequent bacterial functions.

To sum up, the microorganism in the bottom mud
of prawn culture tank is rich and diverse. It is an
optimal strategy to use high-throughput
sequencing to identify microbial species in
sediment, and the culturable microorganisms with
a small amount are an important resource that has
not yet been developed. In this study, based on the
16S r RNA meta-genomic strategy for the first
time, the community structure and diversity of
microorganisms in the bottom mud of prawn
aquaculture  ponds were  comprehensively
analyzed and their functions were predicted. The
results of this study will provide guidance for the
subsequent revelation of the relationship between
the microbial community characteristics of prawn
and sediments, and provide guidance for healthy
aquaculture in freshwater and marine aquaculture
environments.

Conclusion

The study found that the species and abundance of
mud samples in the intertidal gully were greater
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than those in the shrimp pond. This suggests that
the microbial diversity and abundance in the
bottom mud of prawns are influenced by the
surrounding environment. In addition, the
microbial structure and composition of the
sediment in culture environments showed roughly
the same function, so it was speculated that there
were some microbial groups with specific
functions in the bottom mud, which might be the
result of long-term co-evolution with their living
environment. In addition, there are a variety of
probiotics in the sediment of cultured prawn, such
as Sulfurovum and Lactobacillus, which play an
important role in decomposing organic waste,
maintaining the health of the host and improving
the immunity of prawn. Therefore, the
identification and community analysis of these
functional probiotics in different habitats are
helpful to provide a theoretical basis for the
healthy culture of prawn and the development of
related natural products.
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