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A B S T R A C T

Microplastics, a new type of pollutants found in coral reefs, have attracted increasing attention. However, most of
the current research focuses on the scleractinian corals and few reports on Octocorallia. To reveal the impact of
microplastic exposure on Octocorallia, we analyzed the transcriptional response of the coral hosts Junceella
squamata along with changes to the diversity and community structure of its symbiotic bacteria following
exposure to polystyrene microplastics. These results suggest that the microplastics have adverse impacts on
nutrient metabolism and absorption in J. squamata. The symbiotic bacteria of J. squamata exhibited a clear
response after exposure to microplastics, which may also reflect an adaptation mechanism of corals, and help to
maintain the physiological function of coral symbiotic function under the exposure of microplastics. This study
has revealed the impact of microplastic exposure on J. squamata, providing new insights for coral protection
against the background of increased microplastics pollution.

1. Introduction

Microplastics are new pollutants that have attracted increasing
attention (Reichert et al., 2019; Tan et al., 2020). Coral reefs develop
individual, unique, and and complex three-dimensional structures that
can result in their subsistence as long-term microplastic sinks due to
complex three-dimensional structures. Notably, plastic particles may
adhere to solid substrates that develop during coral growth (Reichert
et al., 2018). Variations in coral species morphology and feeding pat-
terns may affect the degree to which microplastics adhere to coral
structures (Martin et al., 2019; Lim et al., 2020). Accumulation of
microplastic particles has been observed in several tropical coral species
as well as in the temperate coral Astrangia poculata, suggesting that
scleractinian corals might become long-term sinks for microplastics
(Soares et al., 2020; Hierl et al., 2021).

Abundant microplastics have been found in coral reefs worldwide,
including the South China Sea (Ding et al., 2019; Huang et al., 2019;
Zhang et al., 2019; Tang et al., 2021), Rameswaram Coral Island

(Vidyasakar et al., 2018), the Maldives (Imhof et al., 2017; Saliu et al.,
2018), and the Great Barrier Reef (Jensen et al., 2019). Microplastics
detected in the coral reef environment of the South China Sea were
found to primarily comprise polyethylene, polypropylene, and poly-
ethylene terephthalate, which are mainly transparent or blue. To date,
toxicity tests and measurements of the concentrations of microplastics
accumulated have been conducted on the following coral species: Porites
pukoensis (Zhou et al., 2023), Acropora spp. and Seriatopora hystrix
(Mendrik et al., 2021), Stylophora pistillata (Lanctôt et al., 2020), Pseu-
dodiploria clivosa (Hankins et al., 2021), Acropora cervicornis (Hankins
et al., 2021), Tubastrea aurea (Liao et al., 2021), Porites porites (Grillo
et al., 2021), Pomacentrus amboinensis (Santana et al., 2021), Pocillopora
damicornis (Tang et al., 2018; Tang et al., 2021), and Galaxea fascicularis
(Tang et al., 2021). Given their feeding patterns, scleractinian corals
tend to readily consume microplastics by mistake (Reichert et al., 2021),
which then remain in their digestive tracts (Allen et al., 2017; Rotjan
et al., 2019). Current research suggests numerous potential impacts of
plastic particles on coral, including including physical damage,
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activation of the immune stress response, delayed growth, decrease in
feeding, and necrosis and albinism (Utami et al., 2021). Moreover,
microplastics particles can readily combine with some other pathogenic
microorganisms and chemicals, which may have toxic effects on corals
and even lead to the outbreak of other related diseases (Khan et al.,
2024). However, compared with that of other pollutants, research on the
impact of microplastic exposure on Octocorallia is limited (Huang et al.,
2021; Tang et al., 2021), and the specificmechanisms behind this impact
are still unclear.

Within the subclass Octocorallia, species in the order Gorgonacea
have been widely screened for valuable chemicals that can be developed
as natural marine products, including abundant active secondary me-
tabolites and lead drug compounds. However, at present, research of the
impact of microplastics on corals has thus far mostly concentrated on
scleractinian corals, with relatively limited understanding of the impacts
and response mechanism of Octocorallia, and Gorgonacea, in particular,
to microplastic pollution. Given the increasing predominance of high-
concentration microplastic environments worldwide, it is particularly
important to explore the impact of environmental exposure to micro-
plastics on gorgonian corals. Inaddition, it has been widely recognized
that corals are composed of several symbiotic organisms, namely, the
cnidarian host, Symbiodiniaceae, and bacterial community (Brener-
Raffalli et al., 2018). These partners are involved in stable symbiosis that
effectively constitutes the holobiont (Brener-Raffalli et al., 2018). To-
ward this end, in this study, we selected Junceella squamata as a repre-
sentative gorgonian coral species to explore the stress response to
microplastic pollution in a controlled experiment. We further compared
the reactions of coral hosts and their symbiotic bacteria. Additionally,
we determined the potential molecular regulatory mechanism govern-
ing the survival or death of corals under microplastic pollution stress.
The objective of this study was not only to lay a foundation to facilitate
further clarification of the impact of marine microplastic pollution on
corals, but also to provide a new understanding of what harm micro-
plastics bring to marine life and offer provide a theoretical basis for
microplastic-related ecotoxicology and coral reef ecological restoration.

2. Materials and methods

2.1. Coral sampling

The coral J. squamata used in this study was obtained from the coral
reef area of Weizhou Island, China. After domestication and adaptation
in seawater at 26 ◦C for one month, the coral isolates were used for
experiments.

2.2. Microplastic exposure experiments

Before the experiments, the J. squamata coral was cut into inde-
pendent samples of 5 cm in length and fixed on numbered brackets. The
aquarium used in this study with an aquarium light (250 W metal
halogen lamp and 4 T5HO), as its light spectrum is similar to that of
natural light (12 h light: 12 h dark cycle). The described lighting and
aquarium conditions were maintained throughout the experiment. The
newly hatched Artemia (brine shrimp) were used as the food source for
the coral samples in this study. Polystyrene microplastics (diameter
1.0–1.9 μm, 5 % w/v; Aladdin) were used in this study. Based on pre-
vious research (Huang et al., 2021; Tang et al., 2021), microplastic
exposure is harmful to some coral species, polystyrene microparticle
incorporation in the gastrovascular cavity was observed in all of the
treatments (1, 10, 100, 1000 mg L− 1) (Grillo et al., 2021). The micro-
plastic exposure in a concentration of 0.25 mg L− 1 caused species-
specific effects on coral growth and photosynthetic performance to
Acropora, Pocillopora, Porites, and Heliopora (Reichert et al., 2019).
Polystyrene microplastics was added into the filtered seawater with a
final concentration of 1 mg L− 1 (~2 × 109 particles L− 1) corresponding
to the experimental (MP) and control group (C), respectively in this

study. A total of 30 coral nubbins were used for the stress experiment.
Sampling was performed 48 h after treatment.

2.3. Coral host transcriptome analysis

In this study, ten coral samples were used for transcriptome
sequencing. Total RNA was extracted after crushing the coral tissues
with scissors and a mortar in liquid nitrogen. Qualified RNA was
quantified and used for subsequent experiments. After quantification
using a TBS-380 fluorometer (Turner Biosystems, Sunnyvale, CA, USA),
the paired-terminal RNA-seq library was sequenced using the HiSeq
XTen platform (2 × 150 bp reading length; Illumina).

The sequencing data of all samples were used for assembly. The
original double-ended reads were trimmed with SeqPrep and Sickle, and
default parameters were used to verify their quality. Trinity was used to
assemble clean data from scratch. After assembly, the unigenes were
annotated in six databases [Kyoto Encyclopedia of Genes and Genomes
(KEGG), Gene Ontology (GO), non-redundancy (NR), Pfam, Clusters of
Orthodoxy Groups (COG), and Swiss-Prot] using the BLAST algorithm
(Camacho et al., 2009). Transcription levels were measured using the
metric of fragments per kilobases of transcript per million mapped reads.

The RSEM and DESeq2 packages were respectively used to quantify
gene abundance (Li and Dewey, 2011) and screen differentially
expressed genes (DEGs) according to a fold change (FC) ≥ 2. The
assembled unigenes were further annotated using the KEGG metabolic
pathway database. KEGG annotation and enrichment analyses were
performed using the Majorbio cloud platform. In order to reveal the
correlation between potential target genes, we conducted association
analysis on differentially expressed genes in the selected metabolic
pathways.

2.4. Diversity and community structure analysis of symbiotic bacteria

In this study, twenty coral samples were used for sequencing of the
symbiotic bacteria. Total genomic DNA was extracted from approxi-
mately 100–200 mg coral tissues using the TIANamp Marine Animal
DNA Kit (Tiangen Biotechnology Co., Ltd., Beijing, China). Bacterial 16S
rRNA V3–V4 was selected as the target site. Polymerase chain reaction
(PCR) amplification was performed under previously reported circu-
lating conditions with the primers 338F and 806R (Yu et al., 2020a,
2020b; Chen et al., 2021). Qualified PCR products were quantified and
used for subsequent experiments. According to the standard protocol,
the purified amplicons were combined at equimolar concentrations
using Illumina platform and double-ended sequencing (2 × 300 bp) was
performed.

Raw sequences were subject to quality control andmerging processes
controlled and merged using the “fastp” (v0.19.6) and merged FLASH
(v1.2.7) software tools, respectively, under the following criteria: (1)
truncate the reads of 300 bp at any point so that the average mass
fraction is <20 on a sliding window of 50 bp, discard the truncated
reading shorter than 50 bp, and discard the reading containing fuzzy
characters; (2) according to their overlapping sequence, only >10 bp
readings are assembled, and the maximummismatch rate of overlapping
areas is 0.2, and the readings that cannot be assembled are discarded; (3)
differentiate samples according to barcode and primer, adjust the
sequence direction, and accurately match barcode. In primer matching,
two nucleotides do not match.

The DADA2 plug-in in the Qiime2 platform was used to denoise the
optimized sequence after quality control splicing under default param-
eters. The sequence obtained after DADA2 denoising was used as an
amplicon sequence variant (ASV). AVS quantity displayed as mean value
± standard deviation. Based on ASV representative sequences and
abundance information, a series of statistical or visual analyses can be
conducted, including species taxonomy analysis, community diversity
analysis, species difference analysis, correlation analysis, phylogenetic
analysis, and functional prediction analysis. The removed chloroplast
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and mitochondrial sequences were annotated for all samples. To mini-
mize the influence of sequencing depth on the subsequent analysis of α-
and β-diversity data, the sequence numbers of all samples were leveled.
Based on the silva138/16s_bacteria database, the naïve Bayes classifier
in Qiime2 was used to analyze the species taxonomy of ASVs with a
confidence threshold of 0.7.

ASV analysis was performed on the sequences using MOTHUR soft-
ware, which involved assessing coverage, ACE, and the Shannon and
Simpson indices. The Wilcoxon rank-sum test was used to analyze the
differences in α-diversity between the groups. The β-diversity of the
microbial community was calculated based on the Bray-Curtis distance
matrix and visualized using principal coordinate analysis (PCoA) and
nonmetric multidimensional scaling (NMDS). Analysis of similarities
(ANOSIM) with 9999 permutations was used to test for differences in
microbial communities (Ziegler et al., 2017). Circos-0.67-7 (http://circ
os.ca/) was used to analyze the relationship between samples and spe-
cies, it is a visual circle chart that describes the corresponding rela-
tionship between samples and species. This chart not only reflects the
proportion of dominant species composition in each (or group) sample,
but also reflects the distribution ratio of each dominant species in
different samples (groups). In order to further screen for potential key
symbiotic bacteria that play a regulatory role in coral response to
microplastic exposure, we used inter group difference testing method.
Based on the obtained community abundance data, we conducted hy-
pothesis testing on the species between the microbial communities of

two sample groups using strict statistical methods, evaluated the sig-
nificance level of species abundance differences, and obtained species
information with significant differences between the two groups. The
core bacterial microbiome is related to the environmental response and
ecological function of coral holobionts, so evaluating the change of core
microbial abundance is helpful to clarify the potential molecular
mechanism of J. squamata exposure to microplastics. QIIME2 was used
to identify the bacteria present in >80 % of the samples (Bolyen et al.,
2019), which were considered core microbiome bacteria (Hernandez-
Agreda et al., 2017; Yu et al., 2021a, 2021b).

3. Results

3.1. Differential transcriptional responses to exposure to microplastics

In this study, a total of 74.73 GB of clean data were obtained from 10
high-quality J. squamata transcriptome libraries, and the clean data of
each sample reached >6.27 GB; 517,838,734 high-quality clean reads
were obtained from 535,002,732 double-ended raw reads, of which the
Q30 bases accounting for 91.33 % and Q20 bases accounting for 96.78
%, and the GC content was 40.73 % (Supplementary Table S1). A total of
79,874 single genes were assembled from clean reads after removing
ambiguous reads, connectors, and low-quality sequences with an
average length of 857.30 bp, the length of N50 was 1814 bp (Supple-
mentary Table S2). Analysis of the expression levels of 79,874 single

A B

C D

Fig. 1. Comparison between different groups. (A) PCA; (B) Heat map; (C) Venn map of differentially expressed genes; (D) Differentially expressed coral genes (green
= upregulated, red = nosig, blue = downregulated). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of
this article.)
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genes were analyzed using the RSEM software tool (Supplementary
Table S3). The differences between different groups and different sam-
ples are analyzed, including principal component analysis and heatmap
analysis. The results show that the difference between the experimental
group and the control group is obvious, accounting for 43.98 % and
8.53 % of the total variance respectively (Fig. 1A). Thermogram analysis
showed that the expression patterns of the five replicates in each group
were highly consistent, we also found that the differences between coral

samples increased after exposure to microplastics, and there were dif-
ferences between the experimental group and the control group
(Fig. 1B), indicating that our sequencing results were highly reliable.
Fourthly, the Venn diagram was used to analyze the number of shared
and unique genes between the two groups in Fig. 1C. Fifth, to compare
the differential gene expression in coral after exposure to microplastics,
we compared the differentially expressed genes in two groups of coral
samples. We identified 2576 differentially expressed genes, including

Fig. 2. KEGG pathway enrichment analyses of upregulated coral genes (A) and (B) association analysis of targeted genes.
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1996 upregulated genes and 580 downregulated genes (FC ≥ 2, p <

0.05) in the experimental group (Fig. 1D, Supplementary Table S4). To
further understand the transcriptional reaction process, all DEGs iden-
tified in the previous step were subjected to KEGG enrichment analysis
(adjusted p-values < 0.05). We found that the significantly upregulated
coral genes were significantly enriched in one KEGG pathway protein
digestion and absorption (map04974) (Fig. 2A, Supplementary
Table S5), indicated the protein digestion and absorption pathways of
the coral hosts increased after microplastic exposure. No pathways
related to oxidative stress and immunity were found. The significantly
downregulated genes do not have significantly enriched pathways. The
association analysis of target genes revealed a strong correlation be-
tween genes, indicating their coordinated function in response to
microplastic exposure stress (Fig. 2B, Supplementary Table S6). The
strongest correlation among them is RINITY_DN17418_c1_g1
chymotrypsin-like protease CTRL-1. Key genes also includes TRINI-
TY_DN16896_c0_g1, TRINITY_DN1007_c1_g1, TRINITY_DN45921_
c0_g2, TRINITY_DN14192_c0_g2 monocarboxylate transporter 4-like,
TRINITY_DN4076_c0_g1 cochlin-like isoform X2, TRINITY_DN21_c0_g1
monocarboxylate transporter 10-like, TRINITY_DN12570_c0_g1 mucin-
1-like, TRINITY_DN6672_c0_g1 MAM and LDL-receptor class A
domain-containing protein 1-like, TRINITY_DN44439_c0_g2 zinc met-
alloproteinase nas-30-like, TRINITY_DN58317_c0_g1 collagen alpha-2
(VI) chain-like, TRINITY_DN9884_c0_g1 uncharacterized protein
LOC114532837, TRINITY_DN5819_c0_g1 monocarboxylate transporter
12-like, TRINITY_DN16195_c0_g3 uncharacterized protein
LOC114533247, TRINITY_DN45921_c0_g2 hornerin-like isoform X2,
TRINITY_DN30598_c0_g4 uncharacterized protein LOC114533247,
TRINITY_DN17502_c2_g1 excitatory amino acid transporter 1-like,
TRINITY_DN1007_c1_g1 zinc metalloproteinase nas-13-like, partial,
TRINITY_DN16896_c0_g1 uncharacterized protein LOC114533086 iso-
form X3, TRINITY_DN32637_c0_g1 uncharacterized protein
LOC114533247, TRINITY_DN16536_c0_g2 uncharacterized protein
LOC114533086 isoform X3, TRINITY_DN5427_c0_g1 trypsin-4-like.

3.2. Bacterial community structure

A total of 3618 ASVs (Supplementary Tables S7 and S8) were iden-
tified from 1,079,379 processed bacterial sequences after secondary
sampling at the same sequencing depth. The average sequence length
was 418 bp (Supplementary Table S7). Good’s coverage accounted for
≥99.96 % of the diversity with near saturation of sparse curves, indi-
cating that the sequencing results represented the true situation of
symbiotic bacteria in the coral samples (Supplementary Table S9). The
average number of ASV in the experimental and control groups were 239
± 116 and 567 ± 104, respectively. The Chao and ACE indices showed
that the richness of ASVs was significantly different between the two
groups. The Shannon and Simpson indices showed that the α-diversity of
J. squamata samples increased significantly after microplastic exposure
(p < 0.05) (Table 1).

The results of PCoA (unweighted_unifrac, ANOSIM, R = 0.9758, p =
0.001; Fig. 3A) and NMDS (unweighted_unifrac, ANOSIM, stress =

0.074, R = 0.9758, p = 0.001; Fig. 3B) analyses revealed significant
differences in the coral symbiotic bacterial community structure be-
tween the two groups. Fig. 4 presents the circos diagram to illustrate the

species composition of genera identified in the different samples. Delftia,
BD1-7_clade, Rhodococcus, Endozoicomonas, Ruegeria, and Pseudomonas
were the most abundant genera found in the coral samples. In addition,
we analyzed the top 15 differential microbial groups (Wilcoxon rank-
sum test, p < 0.05; Fig. 5A). Delftia, Pseudomonas, norank_f_Ter-
asakillaceae, and Achromobacter were abundant in the control group
whereas BD1-7_clade, Endozoicomonas, Ruegeria, unclassified_f_Rhodo-
bacteraceae, norank_f_Methyloligellaceae, unclassified_k_norank_d_Bacteria,
unclassified_o_Thermosynecochocales, Spirochaeta_2, norank_f_Sapopir-
aceae, Neptuniibacter, and unclassified_f_Sphingomonadaceae were rela-
tively more abundant in the corals exposed to microplastics.

To further explore the role of symbiotic bacteria in the response to
microplastic exposure, we analyzed the differences in the core micro-
biome. The relative abundance of the core microbiome in the experi-
mental and control groups was 28.18 % and 47.37 %, respectively
(Fig. 5B, Supplementary Table S10). Notably, we found that the domi-
nant core ASVs in the two groups were the same, although their relative
abundances were significantly different. Among the core microbiomes,
Rhodococcus (ASV1), BD1-7_clade (ASV2), and Endozoicomonas (ASV4)
were dominant, accounting for 45.96 %, 20.39 %, and 16.88 %,
respectively, of the core microbial community in the control group, and
25.27 %, 27.52 %, and 26 %, respectively, after microplastic exposure
(Fig. 5B).

4. Discussion

To reveal the impact of microplastic exposure on Octocorallia corals,
we analyzed the transcriptional response of coral hosts after micro-
plastic exposure and the impact on the diversity and community struc-
ture of symbiotic bacteria in willow corals. Function enrichment
analysis of the DEGs showed that the protein digestion and absorption
pathways of the coral hosts increased. In addition, the microbial α-di-
versity of J. squamata samples increased significantly, and the commu-
nity structure of the dominant bacteria and core microbiome were
reorganized after microplastic exposure.

4.1. Microplastic stress interfere the nutrient digestion and absorption
processes of corals

To reveal the impact of microplastic exposure on coral hosts, we
analyzed the differential transcriptional responses of 10 J. squamata
samples. Transcriptome analysis revealed that the differences between
coral samples increased after exposure to microplastics, and there were
differences between the experimental group and the control group.
Based on KEGG functional enrichment analysis of coral differentially
expressed genes after exposure to microplastics, we found that micro-
plastic stress increased protein digestion and absorption by the coral
hosts. The strongest correlation gene is chymotrypsin-like protease
CTRL-1. No pathways related to oxidative stress and immunity were
found.

The protein digestion and absorption (map04974) is a crucial step in
obtaining necessary nutrients, ensuring the normal functioning and
healthy development of animals. It is important to respond to changes in
nutrient intake, and is a dietary component essential for nutritional
homeostasis in animals. CTRL-1 is an important member of the pepti-
dase S1 family, and as a serine protease, it catalyzes the hydrolysis of
peptide bonds. Specifically, the biological function of CTRL-1 protein
may involve the degradation of intracellular and extracellular proteins
and the regulation of signaling pathways, which are crucial for main-
taining normal cellular function and responding to external stimuli
(Németh et al., 2023). The screening of protein digestion and absorption
pathways based on transcriptome results suggests that exposure to
microplastics may interfere with nutrient digestion and absorption in
J. squamata. This may be related to the unique dietary habits of corals.
J. squamata have a broad and heterogeneous diet that ranges from 3.8
μm (nanoeukaryotes) to 700 μm (copepods) (Marta et al., 1999). Based

Table 1
A 16S rRNA gene sequencing data.

Estimators C-
mean

C-sd MP-
mean

MP-sd Pvalue (C-
MP)

Qvalue (C-
MP)

ACE 240.07 117.03 572.88 103.23 0.0003 0.0005
Chao 239.48 116.81 570.51 103.96 0.0003 0.0005
Sobs 238.90 116.26 566.70 103.94 0.0003 0.0005
Shannon 2.25 0.82 3.90 0.46 0.0008 0.0009
Coverage 1.00 0.00 1.00 0.00 0.0011 0.0011
Simpson 0.31 0.14 0.07 0.02 0.0003 0.0005
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on our transcriptome analysis, we did not find the existence of symbiotic
Symbiodiniaceae; therefore, J. squamata in this study was an asymbiotic
gorgonian. Heterotrophic feeding is a more important nutrient input
method for J. squamata, which leads to easier intake of microplastics.
J. squamata mistake microplastics for prey and feed on them, similar to
their consumption of plankton and Artemia nauplii (Hall et al., 2015),
and after eating microplastics by mistake, they refuse to provide brine
shrimp eggs with the same diameter, which will inhibit food intake
(Rotjan et al., 2019). More importantly, it is difficult to be completely
excreted by organisms because of the particularity of microplastics, so
once ingested by organisms, most of it will exist in the intestine, which
will cause intestinal dysfunction (Hall et al., 2015). Similar to our re-
sults, tourists analyzed the concentration of microplastics in the wild
capture community in Rhode Island, and the results showed that there
were >100 microplastics particles per polyp (Rotjan et al., 2019).
Polystyrene microparticle incorporation in the gastrovascular cavity of
scleractinian coral Porites poriteswas observed in all of the treatments (1,
10, 100, 1000 mg L− 1) (Grillo et al., 2021). Microplastics damage the
small intestinal structure and thus impair digestion and nutrient ab-
sorption functions, which was found to disrupt the growth of animal
(Mbugani et al., 2022). Therefore, we speculate that microplastic stress
can lead to coral ingestion of microplastics and interfere with nutrient
digestion and absorption of J. squamata (Hall et al., 2015).

In addition, we identified only a small number of antioxidant- and
immune-related genes among the DEGs, and no pathways related to
oxidative stress and immunity were found. This means that the exposure
of microplastics in this study did not have a serious impact on
J. squamata. Different from the present study, previous research has
suggested that the negative effects of microplastics on coral mainly
include affecting coral nutrition and development, causing coral to
refuse to eat, reducing metabolic rate and photosynthetic efficiency,
affecting calcification process and even leading to tissue necrosis
(Rahman et al., 2023), and microplastics may interfere with the normal
function of coral reef ecosystem by affecting the nutrient cycle and
changing the food web (Zhang et al., 2023). We speculate that the reason
for this difference may be due to differences in coral species, micro-
plastic concentration, and stress time. Similar results were found for
P. porites, which showed no evident toxic effects when exposed to 1, 10,
100, or 1000 mg L− 1 (~9.2 × 107, 9.2 × 108, 9.2 × 109, 9.2 × 1010) of
polystyrene microplastics over a period of 96 h (Grillo et al., 2021).
P. damicornis significant increase in catalase enzymatic activity was
followed by a decrease in enzymatic activity, returning to control levels

after 24 h, suggesting the coral’s ability to regulate the antioxidant
response after longer 50 mg L− 1 exposure times (Tang et al., 2018).
Additionally, Tang et al. (2018) did not find a significant alteration in
the melanin synthesis pathway, similar to our results, which may indi-
cate that although corals may activate the antioxidant defense system in
response to an acute MP exposure, the immune system may not play a
role in the coral’s response mechanism.

Based on the above results, we speculate that the exposure of
microplastics in this study did not have a serious impact on J. squamata,
the main adverse effects is on their nutrient metabolism and absorption,
which is mainly due to the characteristics of microplastics and the
particularity of coral predation.

4.2. Increased α-diversity and community structure recombination of
symbiotic bacteria in J. squamata in response to microplastic exposure

To reveal the influence of microplastics on the symbiotic bacterial
community in coral and explore the molecular mechanisms by which
symbiotic bacteria participate in the response to microplastic exposure,
we analyzed differences in α-diversity, community structure, and the
core microbiome of J. squamata samples exposed to microplastics. The
results showed that the microbial α-diversity of J. squamata samples
increased significantly after microplastic exposure, and the community
structures of the dominant bacteria and core microbiome were
reorganized.

This result further confirmed the plasticity of symbiotic bacteria in
coral. Previous studies have reported a similar phenomenon. Different
hosts (Yu et al., 2020a, 2020b), regions (Chen et al., 2021), seasons (Yu
et al., 2021a, 2021b), and environmental pressures (Yu et al., 2021a,
2021b) can accompany the recombination of symbiotic bacteria.
Compared to their coral hosts, symbiotic bacteria have a faster ability to
change, which may help long-lived corals adapt to climate change
(Ziegler et al., 2017). Therefore, adaptive recombination of microor-
ganisms is a possible mechanism of coral symbiotic function to resist the
influence of environmental changes. According to the hypothesis of
coral probiotics, coral symbiotic microorganisms are disturbed by the
external environment, and there is a certain correlation between them;
therefore, the most favorable symbiotic bacteria can be selected for coral
symbiotic function. In addition, we found that the α-diversity of un-
bleached corals was significantly higher than that of bleached corals (Yu
et al., 2021a, 2021b). Other studies have also found high α-diversity of
coral symbiotic bacteria under various unfavorable conditions such as

A B

Fig. 3. Principal Coordinates Analysis (PCoA) and NMDS representing differences in community structure at the asv level.
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acidification and eutrophication stress, overfishing, and coral–algae
competition (Prada et al., 2016). High abundance and α-diversity pro-
vide more opportunity for the host microbiome to transform its main
symbiotic bacteria into species that perform better under specific con-
ditions. Indeed, higher α-diversity helps coral holobionts resist infection,
absorb nutrients, and maintain the aggregation of healthy microorgan-
isms (Pollock et al., 2019). This suggests that higher α-diversity is
helpful in maintaining the physiological function of the whole organism,
which may be related to higher stress tolerance.

Moreover, we observed a restructuring of the symbiotic bacterial
community, which may be a response of coral holobionts to external
stress (Yu et al., 2021a; Yu et al., 2021b). BD1-7_clade, a member of
Spongiibacteraceae, is a common group of coral symbiotic bacteria
(Doering et al., 2021) and is relatively abundant in both albino and non-
albino Acropora muricata samples. Notably, members of Spongiibacter-
aceae have been found to play an increasingly important role in the

global ocean carbon cycle and energy metabolism (Kolber et al., 2001).
Endozoicomonas is another common and rich bacterial partner of corals
and is considered to play an important role in the entire biological
nutrient cycle, contributing to coral health, and environmental adap-
tation (Pogoreutz et al., 2022). Although Endozoicomonas is a recognized
core coral bacterial group highly related to coral bleaching, the abun-
dance of endophytic bacteria was found to decrease during coral
bleaching and increase after coral restoration. However, Endozoicomo-
nas can be independent of Symbiodiniaceae in coral organisms (Shiu
et al., 2020). Endozoicomonas can form the cell-associated microbial
aggregates of Pocillopora acutas, which may be beneficial not only to
their coral host, but also to the Simkaniaceae present in adjacent cell-
associated microbial aggregates (Maire et al., 2023). Notably, we
found that the key bacteria mentioned above are all coral related pro-
biotics. This means that the exposure of microplastics leads to an in-
crease in the relative abundance of coral related probiotics, which may

Fig. 4. Microbial community distribution at the genus level of each sample.
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facilitate adaptation of coral to microplastic exposure. This is also
consistent with our transcriptome sequencing results. In this study,
microplastic exposure may not cause serious damage to corals.

Overall, we conclude that the symbiotic bacteria of J. squamata
exhibit a certain response after microplastic exposure, which may
represent an an adaptation mechanism of corals. High α-diversity and
recombination of the symbiotic bacterial community structure, espe-
cially the increase in the relative abundance of probiotics, would help to
maintain the physiological function of coral holobionts function under
the exposure of microplastic exposure.

5. Conclusion

In the increasingly high-concentration microplastic environment
worldwide, it is particularly important to explore the impact of envi-
ronmental exposure to microplastics on gorgonian corals. To reveal the
impact of microplastic exposure on the Octocorallia corals, we selected
J. squamata as the research object and adopted a comprehensive method
to explore its stress response to microplastic pollution. We compared the
reactions of coral hosts and symbiotic bacteria. The results revealed that:
(i) the exposure of microplastics in this study did not have a serious
impact on J. squamata, significantly upregulated genes in the

J. squamata after microplastic exposure were primarily associated with
protein digestion and absorption pathways, (ii) the microbial α-diversity
in J. squamata samples increased significantly, and (iii) the community
structures of the dominant bacteria and core microbiome, especially the
increase of relative abundance of probiotics, reorganized after micro-
plastic exposure. The results suggest that the exposure of microplastics
in this study did not have a serious impact on J. squamata, the main
adverse effects is on their nutrient metabolism and absorption, which is
mainly due to the characteristics of microplastics and the particularity of
coral predation. The symbiotic bacteria of J. squamata have a certain
response after exposure to microplastics, which may also be an adap-
tation mechanism of corals. High α-diversity and the recombination of
symbiotic bacterial community structure, especially the increase of
relative abundance of probiotics, help to maintain the physiological
function of coral symbiotic function under the exposure of microplastics.
This study aimed to not only lay a foundation for further clarification of
the impact of marine microplastic pollution on corals, but also generate
a new understanding of what harm microplastics bring to marine life
and provide a theoretical basis for microplastic-related ecotoxicology
and coral reef ecological restoration.

A

B

Fig. 5. Microbial communities with statistically significant differences. (A) Differences in relative abundance of species between different groups; (B) The relative
abundance and composition of the core bacterial microbiome. Internal pie charts demonstrating the proportion of core microbiome in coral bacterial community
composition (blue: core ASV, Orange: non-core ASVs). The outer pie chart illustrates the core bacterial microbiome composition in the coral. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.)
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6. Limitations of the study

This study has revealed the impact of microplastic exposure on
J. squamata, providing new insights for coral protection against the
background of increased microplastics pollution. However, some limi-
tations should be noted. First, we only selected one type of microplastic
particle and set only one concentration, which may lead to limitations in
the results, and due to the interspecies differences in coral response to
microplastic exposure (Reichert et al., 2019), source and characteristics
of microplastics vary from different coral reef regions (Huang et al.,
2021), stress conditions and coral species should be added in future
research. Secondly, we did not detect the effective concentration
because adding microplastics would result in a decrease in effective
concentration due to sedimentation and adsorption processes (Rocha
et al., 2020), which may have contributed to the fact that microplastic
exposure in this study did not have a serious impact on J. squamata.
Third, no detection the uptake of microplastics by corals. In order to
have this comparison, the current study would have made efforts to
measure the microplastic intake. The impact of microplastics on corals is
mainly on their nutrient metabolism and absorption, microplastic intake
should be measured in future research to validate our findings and
address the limitations of our current methods.
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