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Marine heatwaves (MHWs) can severely affect bivalves and ecosystems they support.
Heat shock proteins (HSPs) are a group of molecular chaperones playing a critical role
in the cellular protection and thermo tolerance and thereby constraining physiological
responses of marine bivalves to MHWs. Here, we cloned the full-length of HSP70 cDNA
from the Pinctada maximal (PmHSP70) and evaluated the expression of PmHSP70 in
pearl oysters under acute and repeatedly occurring MHWs conditions. The full-length
of PmHSP70 is 2,474 bp, containing an ORF of 1,956 bp encoding 655 amino acids
with a predicted molecular weight of 71.23 kDa and 5.26 theoretical isoelectric point.
Under the scenario of acute MHWs, the expression of PmHSP70 was significantly highly
expressed at 32 and 36◦C, and reached the highest at 12 and 72 h, respectively,
indicating that pearl oysters rapidly up-regulated the expression of HSP70 in response
to MHWs. In the repeatedly occurring MHWs scenario, the thermal response of pearl
oysters was alleviated, as best exemplified by significantly lowered expression levels of
PmHSP70. Therefore, we speculate that long-term and repeated MHWs can alleviate
the thermal stress of pearl oysters. This finding is encouraging and will provide us with
meaningful insights into the acclimation of marine bivalves to extreme environments in
the future.

Keywords: Pinctada maxima, PmHSP70, extreme weather events, acclimation, climate change

INTRODUCTION

Marine heatwaves (MHWs) are prolonged discrete anomalously climatic events that can last
for days or longer (Hobday et al., 2016). Since 2011, MHWs have been retrospectively and
contemporaneously observed in the world’s oceans and now are recognized to become more
frequent, intense and longer-lasting over a wide range of spatio-temporal scales (Holbrook et al.,
2020). Although MHWs can be short-term and discrete events, they can have devastating impacts
on marine ecosystems (Smale et al., 2019). Accumulating evidence indicates devastating impacts
of MHWs on marine organisms, especially sessile species such as corals (Fordyce et al., 2019;
Rendina et al., 2019) and mollusks (Caputi et al., 2016; Chandrapavan et al., 2019; Zhao et al., 2019;
Amorim et al., 2020; Scanes et al., 2020) because they must endure anomalously high seawater
temperatures during MHWs events. Stress responses caused by seawater temperature sudden
changes due to MHWs can affect the innate immune system of marine bivalves (Nie et al., 2017;

Frontiers in Marine Science | www.frontiersin.org 1 March 2022 | Volume 9 | Article 847585

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://doi.org/10.3389/fmars.2022.847585
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fmars.2022.847585
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2022.847585&domain=pdf&date_stamp=2022-03-01
https://www.frontiersin.org/articles/10.3389/fmars.2022.847585/full
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-09-847585 February 23, 2022 Time: 18:46 # 2

Xu et al. Pearl Oyster Responses to Heatwaves

Rahman and Rahman, 2021). Sessile marine bivalves are
vulnerable to heatwaves because they cannot physically remove
themselves and seek refuge (Pörtner, 2001; Somero, 2005),
and several studies have demonstrated that MHWs causes
the mass mortality events in mytilid mussels such as Mytilus
californianus (Harley, 2008), M. galloprovincialis (Petes et al.,
2007), and M. edulis (Seuront et al., 2019). In response to
the challenges associated with temperature changes caused
by MHWs, some aquatic organisms employ biochemical,
physiological, and molecular mechanisms for self-protection at
extreme temperatures (Dong et al., 2020), such as increasing the
activity of enzymes and up-regulating the expression of HSPs
genes (He et al., 2021; Xu et al., 2021, 2022).

Heat shock protein (HSP) expression is a key cellular
mechanism of acclimation to environmental temperature
fluctuations (Bedulina et al., 2013). Under thermal stress, HSPs
perform critical protein-stabilizing functions (Tomanek and
Somero, 2002) and thus play a crucial role in the development of
thermotolerance (Clegg et al., 1998). HSP is a type of conservative
family protein (Hu et al., 2012), playing an important role in
protein folding and biosynthesis as a molecular chaperone
(Zhang and Xie, 2019). Among HSPs, the proteins of molecular
mass 70 kDa, termed heat shock protein 70 (HSP70), are
the most abundant and highly conserved type of protein
(Hassan et al., 2019). HSP70 is an important biomolecule for
biological resistance, and is most sensitive to environmental
degradation. When the cells of the organism are stressed by
the external environment, it interacts with many key regulators
of signal transduction pathways to control cell homeostasis,
proliferation, differentiation, and cell death (Mayer and Bukau,
2005). In particular, HSP70 proteins play an important role
in the adaptation of poikilothermic organisms to adverse
environmental (Evgen’ev et al., 2007).

Pinctada maxima is an important economic species and is
widely distributed in coastal areas such as Australia and the
South China Sea (FAO, 2014; Xu et al., 2021). The “South China
Sea” pearls cultivated from P. maxima are widely popular in the
world because of the large diameter, thick nacre and beautiful
(Jones et al., 2013). The Beibu Gulf is a hot spot for MHWs
in the South China Sea (Zhang et al., 2020). However, in the
context of global climate change and intensified human activities,
the duration, frequency and intensity of MHWs have increased
sharply in recent decades (Li et al., 2019; Yao et al., 2020; Liu
et al., 2021). The coastal waters where pearl oysters live have
undergone unprecedented changes, especially MHWs posing a
great threat to the survival of P. maxima. Although studies have
been conducted to evaluate the effects of temperature on the
expression level of HSP genes in some marine invertebrates (Park
et al., 2015; Chen et al., 2018; Liu et al., 2018; Zhao et al.,
2020), little is known about thermal resistant gene expression
responses of the P. maxima to MHWs. Therefore, it is particularly
important to explore the molecular mechanism of pearl oysters’
adaptability to MHWs.

In this study, we cloned the full-length of HSP70 by
RACE technology, and then evaluated the tissue expression
specificity of HSP70 and expression when exposed to acute
and repeatedly occurring MHWs. We also attempted to

discover the role of HSP70 in thermal resistance ability
and plasticity during the process of MHWs acclimation in
P. maxima. To clarify the potential contributions of HSP70
in P. maxima to against environmental stress. The results
of this study provide useful information on the response
of P. maxima to MHWs, and this information can be
used to improve the ability of pearl oysters to withstand
such adverse environments as MHWs in an aquaculture
environment.

MATERIALS AND METHODS

Experiment Design and Sample
Collection
The pearl oysters P. maxima (1-year-old; 34.69 ± 5.25 mm shell
length, 3.33 ± 0.99 g wet weight) were collected from the Liusha
Bay, Beibu Gulf, South China Sea. After arriving in the laboratory,
they were carefully cleaned to remove epiphytes on the shell
surface and then temporarily cultivate in the laboratory to
acclimate to laboratory conditions. The gills (Gi), hepatopancreas
(He), mantle (M), and adductor muscle (A) were selected from
five healthy individuals for gene tissue distribution, and the
tissues were quickly frozen in liquid nitrogen and then stored in
a refrigerator at−80◦C until RNA extraction.

In order to explore the impact of MHWs on HSPs, we adopted
the definition of MHWs by Hobday et al. (2016), who defined
the MHWs event is considered a long-term discrete abnormal
warm water event, which can be described in terms of intensity,
duration, spatial scope, and evolution speed. The specific
experimental design is shown in Xu et al. (2022). Specifically,
the temperature of 24◦C represents contemporaneously annual
average sea surface temperature in the Beibu Gulf as control
group, and temperature regimes of 28, 32, 36◦C correspond to
instrumental data recorded during periods of MHWs (Yao et al.,
2020; Zhang et al., 2020). In the MHWs experiment, the pearl
oysters experienced two MHWs stimulation and two recovery
scenarios (Figure 1). In the acute MHWs experiment, 5 gills in
each group were carefully dissected at 6, 12, 24, and 72 h after
the temperature stabilized. During repeatedly occurring MHWs
experiments, the gills of 5 individuals were sampled at 3, 7,
10, and 14 days in repeatedly occurring MHWs experiments,
and immediately placed in liquid nitrogen and stored at −80◦C
pending analysis.

Total RNA Extraction and First-Strand
cDNA Synthesis
The total RNA was extracted from the tissues using the
Trizol Reagent (Invitrogen, United States) according to the
manufacturer’s instructions. The RNA quantity, purity and
integrity were verified by 1% agarose gel electrophoresis and
Nano Drop ND1000 ultraviolet spectrophotometer. Preparing
5′RACE and 3′RACE templates according to the instructions
of SMARTerTM RACE cDNA Amplification kit follow the
instructions of Reverse Transcriptase M-MLV (RNaseH) to
synthesize cDNA templates for RT-qPCR.
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FIGURE 1 | Overview of the experimental design illustrating MHWs scenarios
varying in frequency and intensity. Green line indicates the temperature regime
designated in the control and color intensity of red lines represents the
intensity of temperature regimes designated under MHWs conditions.

TABLE 1 | Primers used in the study of PmHSP70.

Primer Primer sequence (5′–3′) Function

HSP70-F GGAGACTGCTGAGGCTTACTTAGG Middle clone

HSP70-R TTGCTAATACTCTGGACTACTC Middle clone

5′-HSP70-outer GCTTGTGTGCTGGATGACAGGGTT 5′RACE

5′-HSP70-inner CGCCAACCTTCTTATCCAGACCGT 5′RACE

3′-HSP70-outer ACACAGACCTTCACAACATACTCCGACA 3′RACE

3′-HSP70-inner GCTGCCCCAGGAGGTGGAAGTGAT 3′RACE

UPM (long) CTAATACGACTCACTATAGGGC
AAGCAGTGGTATCAACGCAGAGT

RACE

UPM (short) CTAATACGACTCACTATAGGGC RACE

NUP AAGCAGTGGTATCAACGCAGAGT RACE

M13-47 CGCCAGGGTTTTCCCAGTCACGAC PCR detection of
colony PRC

M13-48 AGCGGATAACAATTTCACACAGGA PCR detection of
colony PRC

HSP70-qF ACCCCAGATTGTGGTGACCTTCG RT-PCR

HSP70-qR TATTCCTGTTTGTATTTTTCGGC RT-PCR

βactin-F CGGTACCACCATGTTCTCAG Reference gene

βactin-R GACCGGATTCATCGTATTCC Reference gene

The partial sequence of HSP70 was obtained from the
P. maxima transcriptome database (data of our research group),
and we used Primer Premier 5 software to design specific
primers (Table 1). Using RACE technology to obtain 3′- and
5′-ends sequences, polymerase chain reaction amplification was
performed for intermediate fragment verification. The amplified
products were detected by 1% agarose gel electrophoresis. The
target gene fragments separated and purified by the purification
and recovery kit were connected to the PMD19-T vector and
transformed into DH5α competent cells. The positive cloned
bacteria were selected by LA (containing ampicillin Apm +)

and sequenced by Sangon (Sangon Biotech, Shanghai, China).
Then the 3′- and 5′-RACE PCR fragment sequences were aligned
to assemble the full nucleotide sequence of the pearl oysters
putative HSP70 cDNA. The resulting sequences were verified by
the amplification of the whole full length and further subjected to
cluster analysis.

Bioinformatics Analysis
The full-length sequence of PmHSP70 was spliced with
DNAMAN. The ORF Finder1 in the NCBI database was used
to predict the open reading frame and amino acid sequence
of the PmHSP70. The physical and chemical properties were
determined by Expasy-ProtParam online tool2 and ExPASy-
ProtScale3 for amino acid hydrophilicity analysis, use PSITE-
Search for Prosite patterns with statistics4 for predicting amino
acid sub-basic functional sites. SignalP 4.15 predict amino acid
sequence signal peptide and domains were identified with
SMART6 with the three-dimensional structure built with the
SWISS-MODEL7. The similarity analysis of nucleotide and
protein sequence was carried out using NCBI online BLAST,8

and then Clustal W was used to compare multiple sequences of
PmHSP70 protein. A phylogenetic tree was constructed using
MEGA 6.0 software.

Relative Quantitative Real-Time PCR
Analysis
Total RNA was extracted using Trizol reagent (Invitrogen,
United States) in accordance with the manufacturer’s
instructions. cDNA was synthesized using PrimeScript
RT Reagent Kit (TaKaRa, Dalian, China). RT-qPCR was
conducted using a Roche LightCycler 480 RT-PCR system with
SYBR(R) Premix Ex TaqTM (TOYOBO, Japan) following the
manufacturer’s protocol. The reactions were carried out in a
total volume of 10 µL containing 5 µL of SYBR mixture, 0.4
µL cDNA, 3.8 µL of ddH2O, 0.4 µL of forwarding primer, and
0.4 µL of the reverse primer (Wang et al., 2019). The comparative
Ct method (2−1Ct) was used to analyze the relative expression of
these genes by taking β-actin as an endogenous control.

Statistical Analysis
All data were analyzed using the software SPSS 22.0. Shapiro-
Wilk’s test and Levene’s F-test were, respectively, performed
to examine the normal distribution and homogeneity of
experimental data. Two-way analysis of variance (ANOVA) was
applied to test whether and how various MHWs scenarios
stimulated in duration, frequency and intensity significantly

1http://www.ncbi.nlm.nih.gov/orffinder/
2http://web.expasy.org/protparam/
3http://web.expasy.org/protscale/
4http://linux1.softberry.com/berry.phtml?topic=psite&group=programs&
subgroup=proloc
5http://www.cbs.dtu.dk/services/SignalP/
6http://smart.embl-heidelberg.de/
7https://swissmodel.expasy.org/interactive
8https://blast.ncbi.nlm.nih.gov/Blast.cgi
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FIGURE 2 | The nucleotide sequence analysis of Pm-HSP70. 5′ UTR and 3′

UTR are indicated with small letters; The deduced amino acid sequences are
indicated with capital letters; The start codon in the 5′-UTR was in a box and
the stop codons (TAA) was indicated with an asterisk (∗). Three signatures
were green background; a putative ATP-GTP binding site was yellow
background; the cytoplasmic characteristic motif was gray background and
the underlined indicates the HSP70 domain.

affect the expression levels of genes. Statistical significance was
set at P < 0.05.

RESULTS

Sequence Analysis of PmHSP70
The cDNA of PmHSP70 gene was cloned by RACE technology
with a full length of 2,474 bp, containing an open reading
frame (ORF) of 1,956 bp, encoding 655 amino acids, a 138 bp
5′-terminal untranslated region (UTR) and a 363 bp 3′-UTR.
PmHSP70 had a predicted molecular weight of 71.23 kDa, a
5.26 theoretical isoelectric point. ExPASy-ProtParam analysis
showed that the aliphatic index of PmHSP70 protein is 80.48,
and the instability index is 34.69, indicating the stability
of HSP70. Amino acid sub-basic functional sites predicted
found PmHSP70 has an ATP/GTP-binding site (AEAYLGKT),
three HSP70 family signature (IDLGTTYS, IFDLGGGTFDVSIL,
IVLVGGSTRIPKIQK) and the cytoplasmic characteristic motif
EEVD. The average coefficient of hydrophilicity (GRAVY)
is −0.490, which is a hydrophilic protein. SMART analysis
revealed that PmHSP70 has an HSP70 domain at positions 6–
612 (Figure 2).

Structural and Homologous Analysis
The species information of multiple alignment and phylogenetic
tree are shown in Table 2. The multiple sequence alignment
based on the amino acid sequence alignment of PmHSP70 and
other bivalves HSP70 shows that HSP70 has high homology
among bivalves, and Pinctada fucada martensii HSP70 has the
highest homology with PmHSP70, which is 95.70% (Figure 3).
The phylogenetic tree shows that PmHSP70 clusters with bivalves

TABLE 2 | Information of the sequences used in the multiple alignment and
phylogenetic analysis.

Species Style Accession number

Pinctada fucata martensii HSP70 BAL52328.1

Pteria penguin HSP70 ABJ97377.1

Crassostrea ariakensis HSP70 AAO41703.1

Mytilus coruscus HSP70 AGY56119.1

Mytilisepta virgata HSP70 BAS29644.1

Meretrix meretrix HSP70 ADT78476.1

Ruditapes philippinarum HSP70 AHY27547.1

Sinonovacula constricta HSP70 AEP26350.1

Paratapes undulatus HSP70 AFZ93094.1

Mylopharyngodon piceus HSP70 AVO65116.1

Megalobrama amblycephala HSP70 ACC93993.2

Ctenopharyngodon idella HSP70 AZM69450.1

Hypophthalmichthys molitrix HSP70 ACJ03595.1

Xiphophorus hellerii HSP70 XP_032432933.1

Epinephelus coioides HSP70 AGG55391.1

Danio rerio HSP71 NP_001103873.1

Mus musculus HSP71 NP_112442.2

Homo sapiens HSP71 NP_006588.1
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FIGURE 3 | Multiple alignment of the deduced amino acid sequences of HSP70 from P. maxima and other organisms. Yellow means 100% homology, green means
homology greater than 90%, purple means homology greater than 80%.
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FIGURE 4 | A phylogenetic tree constructed using the neighbor-joining method based on amino acids sequence deduced from HSP70 of Pinctada maxima and
other species. Pinctada maxima was labeled with “N”. The GenBank accession numbers of all the HSP70 were shown in Table 2.

and is most closely related to P. f. martensii and Pteria penguin,
and is farther from mammals and fish (Figure 4).

mRNA Expression in Different Tissues
The RT-qPCR was used to investigate the tissue distribution
and expression level of PmHSP70 under normal conditions.
The results showed that the PmHSP70 was expressed in the
mantle, gills, hepatopancreas, and adductor muscle of P. maxima,
with the highest expression level in the hepatopancreas
and gills, and the lowest expression level in the adductor
muscle (Figure 5).

mRNA Expression After Marine
Heatwaves Stimulation
During the acute exposure, in gills, compared with the control
groups, the expression level was significantly up-regulated in the
experimental groups especially in the 36◦C groups. After being
stimulated by the MHWs, the expression level of PmHSP70 in
the 28◦C groups reached the highest level at 72 h, while the
expression level of the 32◦C groups reached the highest level at
12 h (Figure 6). Analysis of variance shows that both temperature
of MHWs and stress time made significant impact on the gene
expression level (P < 0.05), and their interaction was significant
(P < 0.05) (Table 3).

Following repeat exposure to MHWs, we found the expression
level of HSP70 in the second MHWs, the fold changes between

FIGURE 5 | Tissue distribution of PmHSP70 mRNA expression. Different
capital letters indicate significant differences (P < 0.05). The four tissues
include gills (Gi), hepatopancreas (He), mantle (M), and adductor muscle (A).

the experimental groups and the control groups were lower
than those in the first MHWs (Figure 7). Analysis of variance
shows that both temperature of MHWs and stress time made
significant impact on the gene expression level (P < 0.05), and
their interaction was significant (P < 0.05) (Table 3).
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FIGURE 6 | The expression levels of PmHSP70 mRNA in gill from P. maxima
after acute MHWs stress. Small letters indicate significant differences between
four temperature levels within each time, and capital letters indicate significant
difference between four time within each temperature treatment (P < 0.05). As
pearl oysters exposed to the temperature anomaly of 36◦C suffered 100%
mortality at 24 h, the experiment was terminated accordingly.

DISCUSSION

HSP70 genes in the pearl oyster P. maxima was characterized
for the first time in present study. The PmHSP70 has a typical
domain HSP70 and three characteristic sequences (IDLGTTYS,
IFDLGGGTFDVSIL, IVLVGGSTRIPKIQK) of the HSP70 family
(Gupta and Singh, 1994), which are well conserved in the
eukaryotic HSP70 family (Gupta and Singh, 1994). And we

TABLE 3 | Two-way ANOVA results for relative expression of HSP70 in pearl
oysters exposed to acute and repeatedly occurring MHWs scenarios accounting
for temperature and sampling time.

Scenarios Factors/interactions df F P

Acute MHWs Temperature 3 51.901 0.000

Time 3 27.002 0.000

Temperature*time 8 17.494 0.000

Repeatedly occurring MHWs Time 3 18.633 0.000

Temperature 2 11.794 0.000

Time*temperature 6 6.737 0.000

observed an ATP/GTP-binding site (AEAYLGKT) in PmHSP70,
which demonstrates that the activity regulation of PmHSP70
requires the participation of ATP (Sousa, 2012). The highly
conserved intracellular specific motif EEVD ends in PmHSP70,
indicating that PmHSP70 belongs to cytoplasmic HSP70 family
(Boutet et al., 2003; Liu et al., 2015). The results of multiple
sequence alignments show that HSP70 in various bivalve species
is highly conserved. The similarity of these sequence and
structure suggest that PmHSP70 is functionally conserved. The
construction of the phylogenetic tree found that PmHSP70 and
HSP70 of bivalves such as P. f. martensii clustered together.

The distribution patterns of PmHSP70 gene expression
in different tissues indicate that PmHSP70 was ubiquitously
expressed in all tested tissues, including gills, hepatopancreas,
adductor muscle and mantle, where the highest expression in
gills. These results are consistent with previous findings of
Ruditapes philippinarum (Nie et al., 2017) and Chlamys nobilis

FIGURE 7 | The expression levels of PmHSP70 mRNA in gill from P. maxima after exposed to repeatedly occurring MHWs scenarios. Small letters indicate
significant differences between four temperature levels within each time, and capital letters indicate significant difference between different time within each
temperature treatment (P < 0.05).
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(Cheng et al., 2019). Studies have found that heat stress has
the potential to destroy cell and tissue integrity, and impair
the physiological functions of gills in marine bivalves (Rahman
and Rahman, 2021). This is because bivalves are filter-feeding
organisms, and the gills are both their respiratory and feeding
organs which can directly sense environmental changes more
than other tissues (Cheng et al., 2019), so in the face of MHWs,
the expression of HSP70 in the gills was significantly higher than
that in other tissues.

In the present study, the expression of PmHSP70 mRNA in
gills of MHWs was measured at, 6, 12, 24, and 72 h after acute
MHWs. As expected, PmHSP70 is significantly up-regulated and
correlated with temperature, and was highly expressed at 32 and
36◦C groups, and the relative expression reached the highest
at 72 and 12 h, respectively. These results are consistent with
previous findings in R. philippinarum, C. nobilis and Laternula
elliptica (Clark et al., 2008; Nie et al., 2017; Cheng et al.,
2019). It is well known that when organisms are exposed to
high temperatures, they produce amounts of reactive oxygen
species (ROS) (Wang et al., 2018), which severely impairs
normal cell functions. HSP70 is a universal molecular chaperone
that participates in repairing or degrading damaged proteins
(Feder and Hofmann, 1999), thereby protecting cells from
environmental stress. The previous study showed that the HSPs
of oysters is up-regulated under adverse environmental pressures
and may be central to the oyster defense against all stresses
(Zhang et al., 2012). We speculated that under the conditions
of MHWs, the protein synthesis of pearl oysters was wrong, and
too many harmful polymers were produced. The upregulation of
PmHSP70 expression in the pearl oysters corrects the misfolded
peptide chain, promotes the degradation of harmful polymers in
the cell, resists harsh environments and responds to changes in
environmental temperature.

It is worth noting that the relative expression of PmHSP70
in experimental groups was significantly lower than that at first
MHWs, when pearl oysters are exposed to repeated MHWs. The
expression level of HSP70 has no significant difference between
the second MHWs and the recovery period. These findings
indicate that long-term and repeated occurring MHWs stimulate
relieve the thermal stress of pearl oysters caused by MHWs. The
previous study showed that in the Crassostrea gigas a moderate
elevation of temperature promotes the induction of members of
the HSP gene family, which makes cells more resistant to any
further challenge with heat stress (Li and Werb, 1982; Hamdoun
et al., 2003). Similar phenomena was found in our previous
studies, where the activity of various antioxidant enzymes was
significantly lower than that of the first MHWs during repeated
MHWs, and the expression of some genes related to metabolism
was also alleviated during the recurring MHWs (He et al., 2021;
Xu et al., 2021, 2022).

In recent years, due to the unprecedented speed of MHWs,
whether marine bivalves can keep up and adapt to rapid
environmental changes has attracted widespread concern.
Results in present study indicated PmHSP70 expression in
pearl oysters was inducible under MHWs stress. Plasticity of
the heat-shock response is apparently a common feature in
sessile intertidal invertebrates (Tomanek and Somero, 1999).

In the laboratory, other bivalve species such as Mytilus
trossulus and C. gigas exhibit significant plasticity in various
features of the heat shock response (Buckley et al., 2001;
Hamdoun et al., 2003). HSP family plays a critical role in rapid
adaptation to novel thermal environments by preventing
the degradation of intracellular proteins, and the high
correlation between the induction of this gene family and
the strong thermotolerance mechanism contributes to the
environmental adaptation of aquatic animals (Kim et al., 2017).
This adaptive plasticity will help marine bivalves adapt to
changing marine environments and buffer the extinction of
intertidal populations.

CONCLUSION

This study was the first report of full-length cloning,
characterization and inducible expression of HSP70 of
P. maxima. The results of the phylogenetic tree and multiple
sequence alignment showed that the sequence of the PmHSP70
was relatively conserved among species and had high homology
with the HSP70 of other species. The tissue expression
characteristics showed that the PmHSP70 was expressed the
highest in the gills. The expression level of HSP70 in the acute
MHWs scenario indicates that pearl oyster can respond to
the adverse effects of MHWs by rapidly up-regulating the
expression of PmHSP70 under MHWs stimulation. It is worth
noting that when faced with recurring MHWs, compared
with the first MHWs period the expression of PmHSP70 was
significantly down-regulated and had no significant difference
between the recovery period. We speculated that the pearl
oysters have adaptation potential under the stress of long-term
and repeatedly occurring. Our findings will provide reference
materials for the adaptation of marine organisms to the extreme
marine environment. But we have only done one generation
of impact. Further investigations are needed to elucidate
transmission of carryover effects of MHWs within and across
generations.
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