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Abstract

Abstract

Marsupenaeus japonicus is an important commercial species in China, however,
high temperature has been a negative factor for M. japonicus farming in summer.
Therefore, it’s important to understand the thermal resistance and mechanism of heat
resistance of M. japonicus. In the present study, a HSP60 gene from M. japonicus was
cloned, the expression of MjHSP60 mRNA during early developmental stages was
investigated, and the association of its polymorphisms with thermal tolerance was
analyzed. The main results are shown as follows:

1. Cloning of MjHSP60 gene

The full length of MjJHSP60 was successfully cloned with a length of 4055 bp
based on the cDNA sequence, the gene structure was essentially no difference with
that of Scylla paramamosain, including 8 exons and 7 introns, the length of
corresponding exons were nearly the same and the exon sequences similarity was
94%, while the length of introns were obviously different.

2. The expression of MjJHSP 60 during early development

As detected by qRT-PCR, MjHSP60 was expressed in all examined developmental
stages in M. japonicus including eggs, nauplius, zoeas, mysis and post larvals . During
its early developmental stages (from eggs to mysis), the mRNA level of MjHSP60
was higher than post larvae on average, but underwent major fluctuations and the
troughs corresponded to the transition periods between each two stages, which
implied MjHSP60 is related to a numberofearly developmental and

physiological functions of M. japonicas.
3. Thermal tolerance of M. japonicus

Significant differences in thermal tolerance were observed both within M.
japonicus and in different species. Firstly, the thermal tolerance differed greatly
among different sizes of M. japonicus, the body weight showed a negative correlation
with UTT (P < 0.05), and the UTT of juveniles (< 0.01 g) was significantly higher
than that of the group weighing 1~5 g (P < 0.05). Secondly, the thermal tolerance of
M. japonicus was lower than Litopenaeus vannamei and higher than Exopalaemon
carinicauda (P < 0.05).
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4. Genetic structure analysis of two morphologically similar varieties (I and II) of M.
japonicus

Two varieties of 4 wild stocks of M. japonicus, i.e. Penghu (PH) stock in Taiwan,
Zhaoan (ZA) stock in Fujian province, Beihai (BH) stock in Guangxi province, Sanya
(SY) stock in Hainan province were used as experimental subjects, 42 SNP were
detected by direct sequencing, including 25 SNP in the introns and 17 SNP in the
exons, among which 13 SNP were synonymous mutations, and 4 SNP were
nonsynonymous mutation. The mean observed heterozygosity (Ho) ranged from
0.1508 to 0.2444 and the mean expected heterozygosity (He) ranged from 0.1493 to
0.2633, indicating a low level of genetic diversity in the 4 wild stocks. The pair-wise
genetic differentiation (Fs) within the same variety were lower than 0.05, suggesting
the genetic differentiation was inconspicuousness; while Fs between two varieties
ranged from 0.2564 to 0.3471, indicating a high level of genetic differentiation. The
value of gene flow (Nm) between two varieties were small (0.100374~0.208228),
declaring the limited gene exchange between two varieties was the main cause of
genetic differentiation. The genetic distance (Da) among stocks ranged from 0.0088 to
0.1492. Cluster analysis based on Da indicated that BH and SY stocks were clustered
as one cluster while PH and ZA stocks were gathered in another group. The
geographic distributions of these two differential groups were consistent with the two

varieties.
5. The correlation of MjHSP60 SNP and thermal tolerance of M. japonicus

On account of the different thermal tolerance between two varieties of M.
Japonicus, Variety I was employed as heat sensitive stock and Variety II was
employed as heat resistant stock to study the correlation between MjHSP60 SNP and
thermal tolerance. Statistical analysis revealed that the genotypic frequencies showed
deviation from Hardy-Weinberg equilibrium (HWE) at loci -213, -1541 and -3061 in
Variety I stock, -212 and -2060 in Variety II stock, and -2011 in both stocks, while the
rest loci were in HWE. There were significant differences in genotypic frequencies
between two varieties at all loci except for loci -282 and -2011, indicating a
significant association with the thermal tolerance of M. japonicus.

Linkage disequilibrium was found between the multiple loci of MjHSP60 gene,
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and 31 haplotypes with frequency above 3% were identified. Among them the
frequencies of 15 haplotypes in Variety II stock were significantly higher than that in
Variety I, indicating their significant associations with thermal tolerance of M.
japonicus. In the contrast, 11 haplotypes in Variety I stock were significantly higher
than that in Variety II stock.

Two different genotypes at loci -3289A/G were found to be significantly
correlated with the UTT of M. japonicus by PCR-RFLP (P < 0.05), which confirmed
the association between MjHSP60 SNP and thermal tolerance.

Key Words: Marsupenaneus japonicus, HSP60; thermal tolerance; SNP
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