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ABSTRACT

Tetraploid of Crassostrea gigas was first reported in the 1990s, but its biological characteristics are seldomly
known. To understand the adaptation of tetraploid larvae to salinity and temperature, the effects of salinity
treatments (10, 15, 20, 25 and 30 psu) and temperature treatments (18, 23 and 28 °C) on the growth and survival
of tetraploid and diploid larvae were comparatively studied. In salinity treatments, the accumulative survival
rate (ASR) and relative growth rate (RGR) of tetraploid larvae were generally lower than that of diploid larvae (P
< 0.05). The maximum ASR and RGR of tetraploid larvae occurred at 30 psu, with the values of 41.09% and
152.91%, respectively. At day 16, the maximum difference in ASR between diploid and tetraploid larvae was
36.41% at 20 psu, and the maximum difference in RGR of diploid and tetraploid larvae was 62.36% at 10 psu.
The ASR and RGR of tetraploid larvae were lower than that of diploid larvae under temperature treatments (P <
0.05). The maximum ASR and RGR of tetraploid larvae occurred at 28 °C, with the values of 19.67% and
235.40%, respectively. The ASR of both diploid and tetraploid larvae decreased sharply in the first four days. The
RGR of larvae at 18 °C was much lower than that at 23 °C and 28 °C (P < 0.05). Hence, a salinity range of 25-30
psu and a temperature range of 23-28 °C are suitable culture conditions for tetraploid larvae. These results
indicate that the natural environment conditions can meet the temperature and salinity requirements for the
survival and growth of tetraploid larvae. However, tetraploid larvae are less adaptable to temperature and
salinity than diploid larvae. The environmental adaptability of tetraploid needs further improvement.

1. Intro< ton

Tetraploid oysters play an important role in the modern oyster in-
dustry, especially contribute to the culture of triploid oysters (Guo et al.,
1996). Dye to the odd number of chromosomes, triploid is sterile in
theory. Hpwever, there are still a few triploid oysters with a certain
degree of Bonad development, which provides an effective way to obtain

are acquired, it is easy to obtain a considerable number of tetraploid
progenies by virtue of their fertility.

Tetraploid oysters have become a hotspot in polyploid research,
because crossing diploids and tetraploids can produce 100% triploids
(Guo et al., 1996). Triploids are usually sterile or partially fertile, which
allows them to remain available for market during the reproductive
season (Allen and Downing, 1986; Desrosiers et al., 1993; Piferrer et al.,

tetraploid oysters (Thorgaard, 1983; Guo and Allen, 1994; Normand
et al., 2008). The earliest reported tetraploid oysters were obtained by
inhibiting the polar body I in the eggs of the hybridization of the triploid
oysters with the diploid male, based on the partial fertility of the triploid
oyster (Guo and Allen, 1994). Another method, avoiding the triploid
step and inhibiting the polar body I in diploid females cross with diploid
males, has also been reported (Benabdelmouna and Ledu, 2015; Qin
et al., 2021). Additionally, tetraploid oysters also can be generated by
inhibiting the polar body II during hybridization between diploid fe-
males and tetraploid males (McCombie et al., 2005). Once tetraploids

2009; Nell, 2002), which fills the gap when diploid oysters are not
available in the market in summer. Although triploid oysters can also be
obtained by physical or chemical treatment, these methods have im-
perfections such as unstable triploid rate and low survival rate, which
cannot meet the needs of triploid industrialization (Gérard et al., 1999).
Therefore, a stable tetraploid oyster population becomes the important
guarantee for commercial production of triploid oyster.

There are no technical obstacles for the production of tetraploid
oysters. The research focus of tetraploid oysters has been shifted from
how to obtain tetraploid oysters to how to make them survive better. The
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characteristicstiﬂl%éggggmer populations have been studied. There
is a phenomenon that the genetic diversity of tetraploid population
decreases during two successive generations of breeding (Miller et al.,
2014). Heteroploid mosaic tetraploids have also been found in tetra-
ploids (McCombie et al., 2005). However, there is no difference between
triploids from tetraploids tid
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3.1. Effects of salinity on ASR

In terms of ASR, the adaptability of tetraploid larvae to all salinity
levels was lower than that of diploid (Fig. 2). The ASR of tetraploid and
diploid larvae decreased with the decrease of salinity. The highest ASR
in diploid and tetraploid larvae was appeared at 30 psu, with the values
of 53.06% and 41.09% respectively. The ASR of tetraploid larvae was
most similar to that of diploid larvae at normal seawater salinity, but
was significantly lower than that of diploid larvae at day 16 (P < 0.05).
At day 16, the maximum difference in ASR between diploid and tetra-
ploid larvae was 36.41% at 20 psu. Compared with other salinity levels,
the minimum ASR of diploid and tetraploid larvae were 30.84% and
9.70% respectively at 10 psu.

3.2. Effects of salinity on RGR

The RGR of tetraploid larvae was lower than that of diploid larvae at
all salinity levels (Fig. 3). At day 16, the RGR of tetraploid larvae was the
lowest and the highest at 10 psu and 30 psu, with the values of 78.94%
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and 152.91% respectively. However, high salinity does not mean high
RGR, and the RGR of tetraploid larvae at 15 psu (105.24%) is higher
than that at 20 psu (98.24%) at day 16 (P < 0.05). The onset of signif-
icant differences in RGR between diploids and tetraploids was not syn-
chronous at different salinity levels. At 10 psu, 20 psu and 30 psu, the
RGR of tetraploid and diploid began to differ significantly from day 4 (P
< 0.05), while at 15 psu and 25 psu, the RGR of tetraploid and diploid
began to differ significantly after 12 days (P < 0.05).

3.3. Effects of temperature on ASR

The ASR of tetraploid larvae was generally lower than that of diploid
larvae at different temperature levels, and the ASR of tetraploid and
diploid larvae decreased with decreasing temperature (Fig. 4). Tetra-
ploid larvae can survive to metamorphosis at 23 °C and 28 °C, with the
ASR of 9.20% and 19.67% respectively. Diploid and tetraploid larvae
have the lowest ASR
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. Comparison of relative growth rate (RGR) between diploid and tetraploid larvae of C. gigas. Different lowercase letters denote significant difference (P

< 0.05).
day 16, respectively.
3.4. Effects of temperature on RGR

The effect of temperature on the growth of tetraploid larvae was
shown in Fig. 5. The RGR decreased with decreasing temperature. The
RGR of tetraploid larvae at 18 °C was significantly lower than that at
23°Cand 28 °C (P < 0.05). At day 16, the maximum value of the RGR for
tetraploid larvae was 235.40% at 28 °C. The RGR of tetraploid larvae
was significantly lower than that of diploid larvae at different temper-
ature levels (P < 0.05). At day 16, the maximum difference between the
RGR of tetraploid and diploid larvae occurred at 23 °C, with the values
of 80.71%. At 28 °C, both diploid and tetraploid larval growth rates
showed a sharp increase during the period of day 4-8.

on
Numerous studies have shown that temperature and salinity have

important effects on the development of aquatic larvae (Asha and
Muthiah, 2005; Kumlu et al., 2000; O’Connor and Lawler, 2004; Ruscoe

et al., 2004; Shi et al., 2010; Wang and Li, 2018), while the effects of
temperature and salinity on tetraploid oyster larvae have not been re-
ported. In recent years, triploid oysters have become popular in the
world. However, as a crucial part of the triploid industry, it is regrettable
that there are few researches on the biological characteristics of tetra-
ploid oysters. It is necessary to study the effects of temperature and
salinity on the larvae of tetraploid oyster, either as a neopolyploid of
oyster or as the brook stocks of triploid oyster in commercial production.

4.1. Effects of salinity on ASR and RGR

In our study, although tetraploid larvae have a survival disadvantage
compared to diploid larvae, tetraploid larvae can survive to meta-
morphosis under all salinity treatments. The survival disadvantage of
neonatal tetraploids is not unique to oysters. Lower tetraploid survival
rate than diploid was also found in other aquatic animals (Cassani et al.,
1990; Horstgen-Schwark, 1993; Zhou et al., 2010). Indeed, the phe-
nomenon is not only found in aquatic animals, similar defects were also
observed in allopolyploid plants (Comai et al., 2000; Madlung et al.,
2005). This phenomenon might be caused by two reasons. One is that,
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this may be associated with the increased number of polyploid chro-
mosomes and the greater complexity of their pairing and separation
interactions leading to abnormalities during mitosis (Comai, 2005). The
other possible reason is that the diploid was a multi-year selective
population, and the adaptability to the environment was improved in
the selective breeding process (Xu et al., 2020). Compared to diploids,
tetraploids as a neopolyploid, its adaptation to the environment has not
yet been improved. The ASR of both diploid and tetraploid larvae tended
to decrease with the decrease of salinity, which indicated that the
diploid and tetraploid larvae had similar pattern of salinity adaptation.
The influence of environmental conditions on tetraploids could refer to
that on diploids to some extent. Low salinity could lead to a decrease in
the ASR of diploid and tetraploid larvae, being consistent with the
negative effects of low salinity on hemolymph chemistry and histopa-
thology of oyster (Knowles et al., 2014). In addition, tetraploid and
diploid larvae had similar trend of ASR and maintained high ASR in
natural seawater (30 psu), which suggested that tetraploids can be
cultured under natural seawater conditions like diploids. This result is
vital for tetraploid larval culture and subsequent tetraploid selection.
Low salinity could reduce the RGR of diploid and tetraploid larvae,
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and had a more negative effect on the latter, which was consistent with
the cumulative survival rate, suggesting that tetraploid adaptation to
low salinity was lower than that of diploid larvae. In general, the
advantage of polyploidy comes from the fact that duplicate copies of
genes may evolve new or slightly altered functions, potentially allowing
niche expansion or increasing flexibility in an organism’s response to
environmental changes (Adams and Wendel, 2005; Moore and Purug-
ganan, 2005). However, compared to the diploid population, in the first
generation of tetraploid self-breeding populations, the chromosome
number of tetraploids increased but the adaptation to low salinity did
not increase. This vulnerability to environmental adaptation may be
temporary, because evidence from artificially induced tetraploid studies
suggested that the alloploids may undergo an initial phase of genomic
instability, but subsequently could be able to compete with diploids
(Comai, 2005). Moreover, the adaptation process of tetraploid oysters
can be accelerated by selective breeding. Fortunately, the RGR of
tetraploid larvae was the highest at 30 psu (natural seawater salinity). In
terms of both growth and survival, natural seawater can meet the
salinity requirements of tetraploid larval culture.

4.2. Effects of temperature on ASR and RGR

In terms of the effect of temperature on ASR, the ASR of diploid
larvae was higher than that of tetraploid larvae, indicating that the
temperature tolerance of diploid larvae was higher than that of tetra-
ploid larvae. And the tetraploids, in addition to adapting to the
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challenges of doubling their chromosomes, also face the question of how
to adapt better to their environment (Comai, 2005; Zhang et al., 2014).
Generally, survival or vigor of neopolyploids was low in synthetic
populations (Gaeta et al., 2007; Matsushita et al., 2012). Tetraploid
oysters have similar problems, which could be exacerbated by low
temperature pressure. The ASR of tetraploid larvae increased with an
increase in temperature from 18 °C to 28 °C, demonstrating that
increasing temperature in a certain range is favorable for the survival of
tetraploid larvae. This may be related to the mass mortality of oyster
larvae before the umbo larvae stage. Low temperatures reduce the
growth rate of D-larvae and prolong the time for D-larvae to become
umbo larvae, leading to an increased risk of larval death.

The RGR of tetraploid and diploid larvae decreased with decreasing
temperature, mainly due to the influence of temperature on the physi-
ological process of the larvae (Jiang et al., 2016; Meng et al., 2021). The
RGR of tetraploid larvae was lower than that of diploid larvae in tem-
perature treatments, which reflected the difference for temperature
adaptation between tetraploid and diploid larvae. The difference may be
closely related to the need for tetraploids to adapt to changes in their
genomes (Comai, 2005). Fortunately, no matter at 23 °C or 28 °C, the
cumulative survival rate and growth rate of tetraploid larvae could be
maintained at a certain level, indicating that the cultivation and selec-
tion of tetraploid population can be better accomplished in the natural
environment during the summer breeding season.

. on on

In order to understand the salinity and temperature adaptation of
tetraploid larvae, the effects of temperature and salinity on the growth
and survival of tetraploid and diploid larvae were comparatively stud-
ied. In this study, the adaptability of tetraploid larvae to salinity and
temperature was generally lower than that of diploid larvae, but the
survival and growth of tetraploid larvae could be maintained in the
rangf of natural seawater salinity and temperature in summer, which
indicates that the culture of tetraploid larvae and the selection of
tetraploid population can be carried out in natural environment. Sub-
sequent studies will focus on improving the environmental adaptability
of tefraploid through selective breeding processes.
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