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Figure 1 Phenotypic distribution of the Hebao Red common carp. A: Distribution of phenotypes of 217 Hebao Red common carp; B: differences in
gonadal weight and maturity coefficient between female and male fishes; C: there were significant differences in the gonadal weight and maturity
coefficient among different families; D: correlation analysis among different phenotypes. The numerical value represents the correlation coefficient
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Figure 2 The composition of gut microbiota in the cecum of Hebao Red common carp. A: Microbial composition in the cecum of the Hebao Red
common carp at the phylum level; B: microbial composition in the cecum of the Hebao Red common carp at the genus level; C: enterotype
classification of 217 cecal samples; D: the abundance of enterotype-drived bacteria; E: comparison of gonadal weights among different intestinal

types, * indicates P<0.05, NS indicates P>0.05
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Figure 3 Bacteria significantly related to gonadal weight. A: Two-part model identified 25 ASVs related to gonadal weight. The column height
represents the absolute value of the Z value. B: Comparison of the abundance of 25 ASVs related to gonadal weight among pedigrees; C: co-
abundance network diagram. ASVs with a Spearman correlation coefficient>0.35 were plotted in the network. The grey lines show the positive
correlation between nodes, the blue line represents the negative correlation between nodes, and the size of the node indicates the abundance of ASV.
The network plot was drawn using Cytoscape software. D: The association between co-abundance clusters and the gonadal weight
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Reproduction is a vital physiological process in the life cycle of fish. Gonadal weight and maturity coefficient are important indicators
for assessing reproductive performance. Under intensive aquaculture conditions, fish often experience issues such as delayed sexual
maturity and decreased fertility. While many studies have focused on the nutritional regulation or exogenous hormone interventions,
systematic analyses of the interactions between intestinal microbiota and their metabolites, and host reproductive performance remain
scarce. In this study, we collected 217 cecum content samples from Cyprinus carpio wuyuanensis, a native subspecies of common
carp native, and recorded phenotypic traits including body weight, gonadal weight and visceral weight. Taking gonadal weight as an
index to evaluate reproductive performance, we systematically investigated the potential relationship between gut microbiota and their
metabolites, and reproductive performance. Results showed that Proteobacteria and Firmicutes were the dominant bacterial phylum,
with Aeromonas, Achromobacter and Pseudomonas being the most abundant genera. Enterotype-like clustering identified three
distinct gut microbial types: an Achromobacter-dominant type (ET1), an Aeromonas-dominant type (ET2), and a Hyphomicrobium-
dominant type (ET3). Among these, the Aeromonas type (ET2) showed significantly higher gonadal weight (P<0.05), suggesting a
potential promotive effect on gonadal development. Furthermore, a Two-Part model combined with co-abundance group (CAGs)
analysis found that 25 ASVs were significantly correlated with gonadal weight. CAG1, which featured Aeromonas as the hub genus,
was positively correlated with gonadal weight (R=0.39, P=2.24x10""), while CAG5 (containing Exiguobacterium spp.) was
significantly negatively correlated with gonadal weight (R=—0.36, P=3.12x107%). Serum metabolomic profiling identified 457
metabolites significantly related to gonadal weight. Metabolites positively correlated with gonadal weight were enriched in glycerol
phospholipids and amino acid metabolic pathways, such as arginine and proline metabolism. Notably, amino acid derivatives,
including cycloproline-containing dipeptides, showed the most significant positive correlation with Aeromonas abundance, suggesting
their role as key metabolic mediators in microbiota—host interactions. In conclusion, this study highlights the potential role of gut
microbiota, particularly Aeromonas spp., in regulating fish reproductive performance via modulation of amino acid and lipid
metabolism. These findings provide new theoretical insights into the microbial mechanisms influencing fish reproduction.
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