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Introduction

The clam (Cyclina sinensis) 1s a common buried shellfish, also known as the ring clam and black clam, and 1s
one of the main cultured shellfish in the aquaculture industry in China. The clam 1s very widely distributed in the
ocean, from Korea to the north and south coasts of China, mainly in coastal mudflat areas, mostly in river mouths
and other places, and 1s a common shellfish species in coastal areas of China. Due to the advantages of strong
resistance to adversity, tasty meat and high farming output rate, the clam has become an ideal cultured seafood
enrichment shellfish with huge production and sales in China.

Chlorine residual 1s a common by-product of warm water discharge from coastal nuclear power plants. In
order to prevent damage to the cooling system from organisms in seawater, seawater needs to be electrolyzed so
that the cooling water contains a certain concentration of chlorine to kill all kinds of organisms in the seawater. The
seawater enters the cooling system and takes away the waste heat from the nuclear reaction to become warm water,
but the residual chlorine in it also enters the ocean with the warm water. This 1ssue 1s also one of the research
hotspots of scholars in various countries nowadays. However, there are few studies on the effect of residual
chlorine on shellfish in warm water drainage of coastal nuclear power plants in China, which needs further
investigation and research.

In the current studies, there are relatively few studies on the mechanism of toxicity of residual chlorine to
aquatic organisms, and most of the studies on shellfish are on the effects of residual chlorine on gills,
hepatopancreas, blood and other indicators. In the available studies, the explanation of fish mortality due to residual
chlorine stress 1s mostly biased towards asphyxiation mortality. This explanation is also consistent with the
mechanism of toxicity of chlorine damage to the respiratory system of humans and animals. Residual chlorine
causes lesions 1n the gill tissue of aquatic organisms, such as hyperplasia, hypertrophy, and accumulation of mucus.
Lesions in gill tissues cause swelling of gill filaments, which separates the gill filaments from the capillaries and
prevents the normal entry of oxygen into the capillaries, thus causing a decrease in oxygen supply and a decrease in
the blood oxygen content in the organism, which elevates the respiratory rate in order to provide the oxygen content
required for the activity of the organism.

Methods

1. Sample preparation

One-year-old clam with an average shell length 1.20 £ 0.10 cm and body weight of 0.70 g £ 0.2 g was
purchased from Lianyungang Zhongchuang Aquaculture Co, Lianyungang, China, and then acclimated for one
week 1n an indoor circulating water system.

2. Sample and data analysis

2.1. The clams under 0 hour of stress were used as the control group, and were recorded as H-0; the clams under
96 hours of stress at three different concentrations (20mg/L, 50 mg/L, 100 mg/L) were used as the treatment
groups, which were recorded as H-96a, H-96b, and H-96¢, respectively. The hepatopancreas of six clams were
taken from each group, three were used for testing and three were used as backups, which were frozen 1n liquid
nitrogen and stored in -80°C refrigerator.

2.2. RNA extraction, cDNA library preparation and next-generation sequencing: Total RNA was extracted from
the hepatopancreas of C. sinensis using TRIzol Reagent (Takara) according to the manufacturer's recommendations,
and genomic DNA was removed with DNase I (Takara).

2.3. De novo assembly and analysis of the transcriptome: The gene expression profiles were compared among the
four groups, control (H-0, 0 mg/L), a (H-96a, 20mg/L), b, (H-96b, 50 mg/L) and c, (H-96¢, 100 mg/L) treatments,
and then all DEGs 1n each comparison were submitted to GO functional and KEGG pathway enrichment analysis
using the GO database and KEGG database, respectively.

2.4. Validation of the RNA-seq profiles by quantitative real-time PCR (qPCR).

Results

1. Transcriptome sequence assessment and annotation

After transcriptome sequencing, the 12 libraries prepared from the three concentration groups at 0 h and 96 h
of stress yielded 5.6-7 billion Raw Reads. 5.6-6.9 billion Clean Reads were obtained after removing the low quality
reads, with GC content of 43.66-45.80%, Q20 96.91-97.50%, and Q30 91.59-92.82% of the sequences. 92.82%
(Table 1).
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2. Analysis of differentially expressed genes (DEGS)

The number of DEGs 1n the three groups of a (20 mg/L), b (50 mg/L) and ¢ (100 mg/L) were counted (Fig. 1).
The results showed that compared with the control group, 13, 17 and 16 unigenes were up-regulated and 23, 34 and
13 unigenes were down-regulated in group a, b and ¢, respectively. Compared with group a at 96 hours of residual
chlorine stress, 19 and 23 unigenes were up-regulated and 17 and 16 unigenes were down-regulated in group b and
group ¢, respectively. Finally, 23 and 27 unigenes were up-regulated and down-regulated in group c, respectively,
compared with group b at 96 hours. Most of the genes in groups a, b, and ¢ were down-regulated compared with the
control group, and most of the genes in groups a, b, and ¢ were up-regulated compared with each other.

To analyse the functions of these DGEs, GO assignments were made. These DGEs were assigned to major GO
categories (level 3), 1.e., biological process, cellular component, and molecular function (Fig. 2).

The annotation of the number of differential genes 1s shown in Figure 3: In KEGG annotation, the most single
gene pathways among groups were: cofactors in metabolic pathways and signal transduction in vitamin metabolism
and environmental information processing; Transport and catabolism in cellular processes and Signal transduction
in environmental information processing.

Fig. 2 GO annotation map+’ Figure 3 KEGG annotation map+<’

---------------------------------------------------

Metabelise-

Organismal Systems

Environreentzl Infeemation Processing -

2 4 & a0 1 4 [3 G z

Gene number Gene number

5. Key genes involved in immunity response to residual chlorine stress
in Cyclina sinensis

In this study, DEGS associated with immune defense were divided into 5 groups. There were two genes
related to protein coding, two genes related to signal transduction, two pattern recognition proteins/receptors, one
gene related to apoptosis, and five other immune molecules (Table 2).

Table 2 Summary of differential expressed genes related to inumune mn transcriptome of C. simepsis
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6. Validation of transcriptomic sequencing by quantitative PCR
analysis

As shown in Figure 4, the transcriptome results were verified by qRT-PCR, and 10 immune-and
antioxidation-related genes (5 up-regulated and 5 down-regulated) were randomly selected. The verification results
were consistent with the sequencing results, indicating that the transcriptome sequencing results were authentic and
reliable.

Fig. 4 Transcriptome result validations
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Conclusion

Through this study, 1t was found that acute stress with residual chlorine significantly altered the expression levels

of immune-related molecules associated with signal transduction, microbial agglutination, apoptosis, pattern
recognition proteins/receptors, and protein coding. Taken together, the present study provides valuable information
for understanding the effects of acute residual chlorine stress on the molecular mechanisms of immune function in
Cyclina sinensis.
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