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Abstract Salinity is a considerable factor to the sur-
vival and distribution for a majority of marine organisms,
the drawbacks of which are becoming a serious issue of
aquaculture. DNA methylation, an extensively studied
epigenetic modification in eukaryotes, plays a significant
role in the regulation of gene expression in responding to
environmental changes and triggering evolutionary conse-
quences. The Pacific oyster Crassostrea gigas, as a eury-
thermal and euryhaline species, is considered to be toler-
ant to salinity fluctuation. In this study, fluorescent-labeled
methylation-sensitive amplified polymorphism (F-MSAP)
analysis was used to investigate the frequency and varia-
tion of DNA methylation in C. gigas under different salin-
ity and time. The results showed that total methylation level
was generally on a downward trend. At lower salinity, the
total methylation level decreased at the earlier process and
then increased during experiment process, but continued
to shrink at the rest salinity. Fully methylation tended to
better reflect the dynamics of total methylation. Recovery
treatment showed that the extent and pattern of DNA meth-
ylation were difficult to return to the normal level in this
research. The sequencing and BLAST analysis indicated
that in salt stress most of the selected bands were closely

related to the metabolism of nucleic acids and proteins,
tropomyosin, and cellular transport, effecting on different
biological processes of C. gigas. This work provides useful
data to further elucidate the molecular mechanisms of salt
stress response and tolerance in invertebrates.

Keywords DNA methylation - Salt stress - Crassostrea
gigas - Fluorescent-labeled methylation-sensitive amplified
polymorphism (F-MSAP)

Introduction

Salinity is a considerable factor influencing the survival
states and distribution characteristics for a majority of
marine organisms, the drawbacks of which are becoming
a serious issue of aquaculture (Gunter 1961). When the
salinity changes abruptly, marine invertebrates would suf-
fer the threat of mass mortality (Jorge 1988; Laing 2001),
causing huge losses to economic benefits and aquacul-
ture development. The Pacific oyster Crassostrea gigas
is one of the most important bivalves for their economic
importance as an aquaculture species. And as a euryther-
mal and euryhaline species, C. gigas could live at salin-
ity below 10 psu, also could survive in more than 35 psu
(Zhao et al. 2012). However, salt stress, as a constraint
condition, also influences trophic relationships and inter-
actions with other species so as to upset the balance of
ecosystems (Petes et al. 2012). In addition, the changes of
osmosis pressure induced by long-term salt stress could
cause toxicity to invertebrates which disrupt protein syn-
thesis and interfer with enzyme activity (Kawabe et al.
2010). Due to the effect of osmosis, salinity fluctuation
on organism growth and mortality can impact the success
of oyster fisheries, causing the loss of valuable ecosystem
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services (Petes et al. 2012). As an osmoconformer, C.
gigas has adapted to utilize the ionic composition of their
external environment, typically seawater, in order to sup-
port important biological functions (Bradley 2009). At
present, a series of studies have conjoint salinity and C.
gigas in the terms of pathology, metabolomics, and tran-
scriptomics (Zhao et al. 2012; Segura et al. 2015; Yang
et al. 2016). However, the research about mechanism reg-
ulation upon epigenetic modifications for salt stress in C.
gigas is scarce.

Organisms can employ regulatory strategies to adapt
quickly to new conditions (Ghalambor et al. 2007). As
an extensively studied epigenetic modification in eukary-
otes, DNA methylation has showed probable to respond
to environmental changes and trigger evolutionary conse-
quences without changing genetic information (Jablonka
and Lamb 1998; Morris 2001). Much progress in eco-
logical and evolutionary aspects of DNA methylation
has been achieved in various animals and plants, rang-
ing from genomes to specific regions and genes (Zem-
ach et al. 2010; Herrera and Bazaga 2011; Wang et al.
2015a). Furthermore, recent researches upon insects have
indicated that DNA methylation played a pivotal role in
response to environmental stress and in the regulation
of gene expression (Elango et al. 2009; Bonasio et al.
2012; Wang et al. 2013). Environmental stimuli, such as
drought, thermal and salt stress as well as heavy metal
stress, alter cytosine methylation at specific sites through-
out the genome, which would affect the expression of
specific genes (Lukens and Zhan 2007; Place et al. 2008).
In C. gigas, DNA methylation is confirmed crucial for
early development (Riviere et al. 2013), and regulation
of gene function (Riviere 2014), and its transgenerational
inheritance has also been evidenced (Jiang et al. 2013,
2016). Nevertheless, little is known about salinity toler-
ance between genome-wide DNA methylation and the
response to salt stress in C. gigas.

Fluorescent-labeled  methylation-sensitive  amplified
polymorphism (F-MSAP), a modified technique to detect
DNA methylation, is in a position to optimize DNA meth-
ylation reaction conditions by replacing radiation with fluo-
rescent system in the technique of MSAP (Xu et al. 2005).
Compared with other DNA methylation detection methods,
F-MSAP is a cheaper and less labor-intensive approach to
scan genomic DNA methylation pattern, and its effectiv-
ity and reliability in C. gigas have been verified in previous
study (Jiang et al. 2016).

In this study, we detected and compared the extent
and pattern variations of genome-wide DNA methylation
among different salt stress with F-MSAP. Polymorphic
fragments were amplified and sequenced to explore poten-
tial mechanism in vital process. Our work will benefit epi-
genetics of C. gigas in environmental stress.

@ Springer

Materials and methods
Oyster materials and stress treatments

Adult C. gigas were collected from Laizhou, Shandong
Province, China, in 2016, and were acclimatized for a week
in filtered seawater before experiment. These oysters were
individually marked and randomly divided into 24 groups
and subjected to different salinity treatments (5, 10, 15, 20,
25, 30, 35, and 40 psu) for 8, 24 h, and 5 days, respectively.
The individuals cultured in salinity 30 psu were used as
control group. Moreover, after 24 h, some of the samples
under salinity 5 and 40 psu conditions were transferred to
control condition (30 psu) for another 5 days (called RE530
and RE4030, respectively) to assess whether exposure to
nature condition enabled genome-wide DNA methylation
to recover its normal extent and pattern. After experiment,
about ten individuals from each group were randomly
selected for sample collection. The gill samples from every
group were dissected and saved at DNA guarder (Sangon).

Genomic DNA extraction and F-MSAP analysis

Genomic DNA was extracted using a modified phe-
nol—chloroform protocol (Li et al. 2006). The integrity and
concentration of genomic DNA was quantified by 1% aga-
rose gel electrophoresis and Nanodrop-2000. The F-MSAP
analysis was performed to detect methylation polymor-
phism as described by Jiang et al. (2016). Genomic DNA
was digested with EcoR I+Hpa II and EcoR I+Msp I
(Thermo), respectively. Then the ligation reaction was per-
formed at 16°C, overnight. After an initial denaturation
at 72°C for 2 min, 20 PCR cycles of 20 s at 94°C, 30 s
at 56°C, and 2 min at 72°C were performed; followed by
60°C incubation for 30 min. Selective amplification was
performed for 2 min of denaturing at 94 °C, then 10 cycles
of 20 s at 94°C, 30 s at 66°C, and 2 min at 72°C, with a
1°C decrease in the annealing temperature of each cycle,
followed by 20 cycles of 20 s at 94°C, 30 s at 56°C, and
2 min 72 °C, with 60 °C incubation for 30 min. All adapters
and primers are listed in Table 1. Selective amplification
was carried out using a total of twelve primer combina-
tions. ECOR I selective primers were labeled using a 6-FAM
reporter molecule.

After denaturation (94 °C for 5 min), PCR products were
loaded simultaneously with an ABI 3130 Genetic Ana-
lyzer (Applied Biosystems). Fragment analysis was sub-
sequently obtained using GeneMapper v4.0 software and
then the data were rendered in the form of Excel table for
further scoring. According to the electrophoresis profiles,
the F-MSAP patterns digested with the isoschizomers were
divided four types (Additional file: Figure S1). Type I (1, 1)
presents, both in ECOR I/Hpa II and in EcoR I/Msp I lanes
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Table1 Adapters and primers A qa5ter and primer EcoR1 Hpa II/Msp I
used for methylation-sensitive
amplified polymorphism Adapter I 5'-CTCGTAGACTGCGTACC-3' 5-GACGATGAGTCTAGA A-3'
(MSAP) analysis Adapter TI 5-AATTGGTACGCAGTCTAC-3'  5-CGTTCTAGACTCATC-3"
Pre-amplification primer 5-GACTGCGTACCAATTCA-3'(E0) 5'-GATGAGTCTAGAACGGT-3'(HMO0)
Selective primer EO+CA HMO0+CA
E0O+TC HMO+GC
E0+CG HMO+GT
E0+CG HMO+AC
E0+GG HMO+ AT
EO+CT HMO+AG
EO+AG HMO+ AT
EO+AC HMO+ AT
EO0O+CA HMO+GT
EO0O+CT HMO+GT
EO0+AG HMO+AC
EO0+CA HMO + AT

the bands are detected, usually treated as no methylation
in analysis. Type II (1, 0) presents, only in EcoR I/Hpa II
(H) lane bands are detected, called hemi-methylation. Type
IIT (0, 1) presents, only in ECOR I/Msp I (M) lane bands
are detected, called fully methylation. Type IV (0, 0) pre-
sents absent from both enzyme combinations, regarded as
genetic polymorphism or hyper-methylation (Keyte et al.
2006).

Silver staining and DNA sequences of specific fragments

Some samples chosen on the basis of interesting polymor-
phisms were run on acrylamide gels and silver stained with
the aim of isolating (Additional file: Figure S2-S5). DNA
was eluted by UNIQ-10 column page DNA kit (Sangon).
Eluted DNA was reamplified twice using corresponding
primer pairs. The sequences of eluted bands were success-
fully obtained. Homology searches and sequence analysis
were assessed using BLAST searching in GenBank (http://
blast.ncbi.nlm.nih.gov/Blast.cgi), the C. gigas genome
database (http://www.oysterdb.com) and UniProt (http://
WWW.uniprot.org).

Results

Extent and pattern of genome-wide DNA methylation
under di erent treatments

Twelve primer combinations were used to assay cyto-
sine methylation at 5-CCGG-3' sequences in tissue
gill for the F-MSAP analysis. Tables 2 and 3 show the

general cytosine methylation patterns in tissue gill of
each genotype among all these treatments (including
recovery groups). A total of 1163 clear and reproduc-
ible fragments were amplified in each treatment. Based
on the MSAP profiles, the number of DNA methylation
sites was determined, a total of 411-554 amplified sites
(Type I+I1+1I), accounting for 35.34-47.64% of the
total sites. The extent of DNA methylation ranged from
28.38% (5 days, 40 psu salinity) to 47.84% (RE530) of
gill samples.

Overall, a general trend for total methylation was
recovery groups>8 h>24 h>5 days. The methylation
level of recovery group was significantly higher than that
of the experimental group 24 h and 5 days (P <0.01), and
there was no significant differentiation between recov-
ery group and 8 h treatment group. Although the overall
trends were consistent, there were slight differences in
some treatments. In terms of different salinity treatments,
the total methylation level of RE530 was significantly
higher than the experimental group salinity 5, 10, 15, 20,
25, 30, 35, 40 psu and RE4030 (P <0.05), however, the
full methylation level of RE530 was only significantly
higher than the experimental group salinity 5, 10, 15,
20, 25, 30, and 35 psu (P <0.05). As for hemi-methyla-
tion, no differences occurred in this time. Interestingly,
at lower salinity 5, 10, and 15 psu, the total methylation
level experienced a downward trend at the earlier 24 h
and then increased during experiment process. However,
at the rest salinity, the total methylation level continued
to shrink. The fully methylation ratios were always higher
than those of hemi-methylation (P <0.01). Furthermore,
fully methylation tended to better reflect the reality of the
total methylation.
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Table 2 DNA methylation changes under different salinity conditions

| nonmethylated sites, I hemi-methylated sites, |l fully methylated sites. IV represents the absence of band in both enzyme combinations.
Hemi-methylated state (%) = [(I)/(I1+ 11+ 1I)] X 100%; Fully methylation state (%)= [(III)/(I1+II1+III)] X 100%; Total methylation state (%) =

[(I+ TID/(L + T+ IID)] x 100%

Salinity-induced methylation/demethylation changes
of recovery samples

According to the approach of Wang et al. (2015a), the pat-
terns of salinity-induced changes of DNA methylation
under salt stress and subsequent recovery could be divided
into four kinds which include A, B, C, and D. In our study,
pattern A (A1, A2, A3) indicates that the methylation status

@ Springer

was the same between salt stress and subsequent recovery
without changes. Pattern B (B1, B2, B3, B4, B5) indicates
that DNA methylation level decreases under subsequent
recovery, to be called hypomethylation. Pattern C (C1, C2,
C3, C4, C5) indicates that DNA methylation level increased
under the salt treatment, to be called hypermethylation.
Pattern D (D1, D2) indicates that DNA methylation status
changed between the salt stress and subsequent recovery,
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but no difference in the statistical level. And 15 DNA meth-
ylation banding patterns were identified as methylated/
demethylated under salt stress or recovery conditions. The
detailed composition of different patterns and their per-
centages are listed in Table 4. Around 22.66-29.54% of
the CCGG sites remained unchanged from salinity induc-
tion to recovery. The percentage of demethylation bands
(pattern B) under salt stress ranged from 32.47 to 39.21%
and the percentage of methylation bands (pattern C) under
salt stress from 35.78 to 37.92%, indicating more DNA
methylation events in recovery than salt stress for all four
treatment.

Analysis of the di erentially methylated DNA sequences
and gene homology

15 of 32 interesting fragments were sequenced to identify
how the DNA sequences involved in methylation/demeth-
ylation under salt stress. The BLAST results are summa-
rized in Table 5. The size of polymorphic DNA fragments
ranged from 99 to 418 bp. BLAST analysis of sequenced
fragments indicated that the homologous sequences
were related to many important processes, including tro-
pomyosin, myomegalin, cellular transport (potassium

voltage-gated channel subfamily H member 1, sodium-
independent sulfate anion transporter and carboxypeptidase
B), cellular metabolism (DnaJ homolog subfamily A mem-
ber 1), synthesis and degradation of protein and nucleic
acid (telomere length regulation protein TEL2 homolog,
carboxypeptidase B, DNA-directed RNA polymerase II
subunit RPB4, E3 ubiquitin-protein ligase MIB2, adenylate
cyclase-associated protein 1), protein marking (ubiquitin
carboxyl-terminal hydrolase 25), and so on. The sequence
results showed that these fragments involved in a wide
range of cellular functions were affected mostly by cytosine
methylation/demethylation due to salinity stress.

Discussion

DNA methylation is an epigenetic modification that mostly
occurs at the fifth carbon position of a cytosine ring. Evi-
dences are increasingly in favor of DNA methylation
influencing eukaryotes preparedness for stress adaptation
through regulation of gene expression (Zemach et al. 2010;
Head 2014). DNA methylation plays a key role of eukary-
otes in response to diverse environmental stresses by adjust-

ing various cellular activities and proceeding to regulating

Table 4 Summary of DNA methylation pattern changes under salt stress and subsequent recovery

Pattern Enzyme digestion types Number or ratio of loci
Control* Recovery 5D30S* 5D30S* 5SD5S* 5D40S*
Hpall MspI Hpall MspI RE530 RE4030 RES530 RE4030
A No change 177 (24.86%) 167 (22.66%) 197 (28.18%) 213 (29.54%)
Al 1 1 1 138 140 150 171
A2 1 0 1 0 10 4 17 11
A3 0 1 0 29 23 30 31
B Hypomethylation 250 (35.11%) 289 (39.21%) 227 (32.47%) 239 (33.15%)
Bl 1 0 1 1 8 12 12 12
B2 0 1 1 1 16 26 28 17
B3 0 0 1 1 104 137 76 115
B4 0 0 1 0 60 47 55 39
B5 0 0 0 1 62 67 56 56
C Hypermethylation 270 (37.92%) 275 (37.31%) 251 (35.91%) 258 (35.78%)
Cl1 1 1 1 0 34 24 31 23
C2 1 1 0 1 34 36 31 36
C3 1 1 0 0 134 140 116 136
Cc4 1 0 0 0 18 23 23 23
C5 0 1 0 0 50 52 50 40
D Methylation pattern changed 15 (2.11%) 6 (0.81%) 24 (3.43%) 11 (1.53%)
D1 0 1 1 0 11 5 12 7
D2 1 0 0 1 4 1 12 4
Total 712 (100%) 737 (100%) 699 (100%) 721 (100%)

5D30S*, 5D5S*, 5D40S* represents the Control* in different 4 comparisons. RE530, RE4030 represents recovery groups. And in the Table 5,

we called them R1, R2, R3, R4, respectively

1=
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genome-wide gene expression (Bird 1992). In both plants
and animals, cytosine is primarily methylated in the CG
dinucleotide context, and methylation in the 5'portion and
the 3'portion may an obstruction to gene expression (Gra-
tivol et al. 2012). In eukaryotes, genes with very low level
of expression are most likely to be methylated (Zemach
et al. 2010). In this case, regulation of gene expression is
a particular need for eukaryotes to develop stress tolerance.
In this study, we assessed that genome-wide changes in the
DNA methylation induced by salinity fluctuation of the tis-
sue gill of C. gigas. According to the existing studies, the
optimum salinity for C. gigas is between 15 and 34 psu
(Helm et al. 2004), and oysters will benefit tasty when the
growth salinity is between 20 and 25 psu, which is lower
than natural seawater salinity. In our current research, indi-
viduals in lower salinity (5 and 10 psu) were more suscep-
tible than those in high salinity treatments. However, these
results were against previous studies, of which mortality
was highest at high salinity (33 psu), intermediate at 25
psu, and lowest in much lower salinity (Chu and Volety
1997; Petes et al. 2012). The different results compared to
other existing researches might be attributed to the adop-
tion of different materials and sampling points.

In recent years, much more attentions have been paid
to the relationship between DNA methylation and abiotic
stress tolerance. Absence of methylation is supposed to
facilitate transcriptional opportunities to increase pheno-
typic plasticity in invertebrates (Roberts and Gavery 2012),
and on this very note, there might be a close association
between demethylation and gene expression. Similar results
have been confirmed in recent studies. When Aplysia was
in the serotonin environment, the CREB2 gene promoter
methylation level increased, however, the gene expression
decreased (Rajasethupathy et al. 2012). The methylation
level of the 5 ‘UTR and the first exon of hox gene of C.
gigas has been proved negatively correlated with the gene
expression by methyl-DNA immunoprecipitation (Riviere
et al. 2013). This phenomenon provides an adaptive poten-
tial for invertebrates, especially for the species living in
highly fluctuating environment. However, interestingly, a
positive association has been also reported between meth-
ylation status, in both gene bodies and putative promoter
regions, and expression (Olson and Roberts 2014). There-
fore, these results imply that the DNA methylation might
be related to the abiotic stress response, but the association
would obviously differ ranging from species to genes.

The extent and pattern of DNA methylation for C. gigas
in response to salt stress were investigated by F-MSAP
technique. DNA methylation pattern changes occurred
under salt stress and subsequent recovery, including hyper-
methylation, hypomethylation, and other patterns. In gen-
eral, the overall methylation level and the trend of varia-
tion were maintained in the treatment (Table 2), which

showed that the stable DNA methylation extent might be
vital important to the individuals in stress process. Salinity
stress made the overall DNA methylation level reach to a
higher value at earlier treatment and then reduced the levels
overtime, namely, the extent of DNA methylation of 24 h
and 5 days treatment is lower than that of 8 h (Table 2).
One possible explanation is that the tissue, gill, is the res-
piratory and feeding organ of most shellfish, a main regula-
tory organ in adjusting salt degrees, and the first to experi-
ence the salinity changes of sea water; and some epigenetic
states are established by transiently expressed or transiently
activated factors that respond to environmental stimuli
(Bonasio et al. 2010). Furthermore, perhaps because some
genes with lower methylation level have greater apparent
adaptability and these genes can be regulated by meth-
ylation modifications in the available time (Elango et al.
2009). Recently, Li et al. (2017) has reported that total and
hemi-methylation of Cynoglossus semilaevis prominently
went back to its normal levels to obtain equilibrium with
continuous exposures to salt stress, which also supports our
results in some extent. Given all these factors, it might indi-
cate that biological adaptation might play a part in toler-
ability in response to salt stress. The total methylation level
at lower salinity, 5, 10, and 15 psu, experienced a down-
ward trend at the earlier 24 h and then increased during
experiment process (Table 2). The specificity under lower
salinity suggested that the response to low and high salinity
stress would produce different physiological and biochemi-
cal reactions in the tissue gill of C. gigas. However, similar
results had never been found in previous studies. Mean-
while, the fully methylation bands were always more than
hemi-methylation bands, and the change of fully methyla-
tion could be better traced the variation of the total methyl-
ation of changing (Table 2). The result was consistent with
previous research in C. gigas (Jiang et al. 2013), and was
against those in cotton (Wang et al. 2015a) and Cynoglos-
sus semilaevis (Li et al. 2017). It is not known that how full
and/or hemimethylation affects organisms, which is vital
important for eukaryote survival.

In this study, we left subsequent recovery groups to
attempt to answer the question whether returning to natu-
ral conditions again to recover the extent and pattern of
DNA methylation to normal level. It turned out that there
was remarkable epigenetic differentiation between recov-
ery groups and control groups (Table 4). However, it was
inconsistent with the condition at the end of last 5 days,
namely, DNA methylation and gene expression were una-
ble to recover to the original and control level in this study.
Moreover, the extent of CCGG methylation in recovery
groups was higher than that in 5 days salinity treatment.
On this paradox, we presumed that, during periods of salin-
ity stress, although the DNA methylation had been on the
trend as the normal level, these genes had triggered some

1=
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disease and irreversible damage. So that the populations
of C. gigas might be highly susceptible and might there-
fore improve an adaptive mechanism in this stress. When
salinity returned to normal, though the mortality decreased,
internal environment may not come back the original in
the limited time available. From another perspective, both
groups of salt stress and subsequent recovery presented a
completely consistent tendency with previous studies. For
previous research on the genomic DNA methylation under
salinity stress in other species (Wang et al. 2015a, b; Li
et al. 2017), and so on, mostly, the first sampling point
was ranged from 3 to 7 days, through which the extent of
total methylation was lower than that of control group, all
were similar to our current research. However, in this study,
we paid more attention to the genomic DNA methylation
model in 8 and 24 h from the beginning of stress experi-
ment, which showed larger fluctuations in the extent and
pattern of DNA methylation.

Related studies have already indicated special regions
or gene activities towards stress tolerance. That the inver-
tebrates respond to stress exposure might be strongly linked
to the mode of DNA methylation (Gavery and Roberts
2010; Riviere et al. 2013; Saint-Carlier and Riviere 2015).
These results imply that the phenotype can be significantly
affected by the regulation of gene expression induced by
DNA methylation. Therefore, additional information on
the dynamics of genomic DNA methylation is useful for
revealing the mechanism of epigenetic regulation in the
development and stress-adaption processes. In this study,
we selected and amplified thirty-two methylation fragments
for sequencing, and nearly half of the recycled fragments
were homologous to annotated sequences in oyster online
databases (summarized in Table 5). The BLAST results
showed that salt stress might play a role in the extent and
pattern of DNA methylation during vital process, such as
cellular transport and metabolism, synthesis and degrada-
tion of protein and nucleic acid, protein marking, and so
on (Table 5), of or relating to vital process. The sequence
Primer 745 was homologous to Adenylyl cyclase-associ-
ated protein, and the sequence Primer 578 was homolo-
gous to potassium voltage-gated channel protein eag. These
above two points have been showed in the BLAST results
in previous studies (Wang et al. 2015a, b). In this research,
the the sequence Primer 578 maintained the same methyla-
tion level in the recovery, which was in accordance with
the existing study of rice (Wang et al. 2015b); for all four
treatments (R1, R2, R3, R4), their expression should not be
changed by DNA methylation in the stress and subsequent
recovery, which might be part of the reason that C. gigas,
as a member of wide-temperature-salinity group, are toler-
ant and could maintain normal growth for salinity fluctua-
tion. And the the sequence Primer 745 showed a decreased
trend in DNA methylation level, except for the treatment
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R4, in our current research, which is regarded as genetic
polymorphism or hyper-methylation (Keyte et al. 2006).
However, we couldn’t find a correction in the recovery
with previous result. Furthermore, some of other genes, for
instance, tropomyosin and enzyme activity-related genes,
have been proved important for shellfish physiology activ-
ity and development (Ishikawa et al. 1998; Xu et al. 2016).
Gavery and Roberts (2010) have confirmed DNA meth-
ylation has regulatory functions in C. gigas, particularly
in gene families that have inducible expression, including
those involved in stress and environmental responses. The
effects of methylation in C. gigas against salt stress might
need to combine the expression of related genes and spe-
cific sites in order to make more accurate judgments in sub-
sequent experiments.

In conclusion, this study examined genome-wide DNA
methylation variation in different salinity during limited
time with F-MSAP. Our results suggested that there might
be an important association between the epigenetic changes
and salinity in the C. gigas genome. The sequencing and
BLAST analysis for specific fragments showed that salt
stress might also play a role in regulation of epigenetics to
vital process. Our research provided useful information on
role of epigenetics in regulating stress response to salt in C.
gigas. Expression analysis of known sequences is needed
for further investigation in environment stress.
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