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Nile tilapia (Oreochromis niloticus) efficiently utilize dietary carbohydrates (CHO).
In tilapia farming, fish often experience fasting; therefore, farmers try to refeed them to
compensate for growth reduction. It is important to investigate how fish respond to
refeeding with different dietary CHO levels. In addition, it is necessary to examine how
epigenetic modulation is affected by different dietary CHO levels during refeeding.
Therefore, this study aimed to investigate the effects of fasting and short-term refeeding
with high-CHO/low-protein (HC/LP) and low-CHO/high-protein (LC/HP) diets in juvenile
and adult Nile tilapia on carbohydrate metabolism (Experiment 1) and epigenetic
modification (Experiment II). Additionally, this study examined the effects of HC feeding
in broodstock on CHO metabolism and epigenetic modification (Experiment IlI).

In Experiment |, fish were subjected to a four-day fasting period and
subsequently refed for four days with either the HC/LP or LC/HP diet. Refeeding with
both diets effectively compensated for weight loss caused by fasting, increased plasma
triglycerides, hepatic glycogen and triglyceride contents, and muscular triglycerides. It
also elevated plasma protein and hepatic lipid contents in juveniles, and plasma
cholesterol in adults. When comparing HC/LP -and LC/HP diets, the HC/LP diet
increased plasma glucose and promoted the accumulation of glycogen, triglycerides,
and lipids in the liver, as well as muscular triglycerides. Additionally, HC/LP refeeding
upregulated hepatic and muscular glycolytic genes and hepatic lipogenic and glucose
transporter genes. HC/LP downregulated gluconeogenic and amino acid catabolism
genes in the liver and muscle. Collectively, Nile tilapia showed clear responses to
short-term refeeding with a high-carbohydrate diet on intermediary metabolism, which

resembled those of long-term HC feeding.



In Experiment I, refeeding with both HC/LP and LC/HP diets altered epigenetic
markers. Compared to the fasted state, both HC/LP and LC/HP refeeding reduced
hepatic global DNA 5-mC oxidative derivatives in juveniles (5-hmdC) and adults
(5-hmdC and 5-cadC). Both HC/LP and LC/HP refeeding induced hypermethylation
and/or hyperacetylation in hepatic and muscular tissues. These refeeding conditions
promoted the expression of genes encoding DNA- and histone-modifying enzymes.
Notably, the HC/LP refeeding diet led to tissue-specific epigenetic regulation patterns,
including hepatic H3K36 hypomethylation and H3K9 hypoacetylation in juveniles. The
HC/LP refeeding diet influenced muscular DNA hypomethylation and H3K9
hypoacetylation in adults.

In Experiment lll, the HC/LP diet induced muscular glut4 expression, increased
fecundity, but reduced egg weight and gonadosomatic index in female broodstock. In
both male and female broodstock, the HC/LP diet elevated plasma glucose and
triglycerides, decreased plasma protein, and altered nutrient composition in the liver
and muscle. It upregulated genes associated with glycolysis (in the liver and muscle)
and hepatic lipogenesis, and downregulated those involved in gluconeogenesis and
amino acid catabolism in the liver. In addition, similar metabolic response trends were
observed in offspring at seven days post-hatching and seven days after first feeding,
suggesting a potential transgenerational effect of parental CHO metabolism. Moreover,
feeding broodstock an HC/LP diet induced upregulation of tet (encoding a DNA
demethylation enzyme) and kdm4 (encoding the histone demethylase), but
downregulated dnmt (encoding the DNA methylation enzyme).

In conclusion, the short-term refeeding with the HC diet modulated intermediary
metabolism and epigenetic instability in  Nile tilapia. Moreover, HC feeding in
broodstock also induced epigenetic modification and modulated CHO metabolic
responses in both parents and offspring, suggesting transgenerational effects of

parental CHO metabolism in Nile tilapia
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