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Abstract  

Epigenetic regulatory mechanisms can contribute to integrate genomic and environmental information to 

determine sex. In fish, these processes are poorly understood. Some evidence shows that environmental 

changes can affect sex ratios through epigenetic changes in genes involved in gonadal development. Altered 

sex ratios can potentially persist in subsequent generations even when the environmental cue is no longer 

present, but evidence is also scarce. To elucidate both questions, we exposed zebrafish (Danio rerio) larvae 

of several independent families to high temperature during sex differentiation (18–32 days post 

fertilization). We used a targeted sequencing approach to analyze DNA methylation profiles of genes related 

to sex development and the stress response in adult gonads. Results showed sex-related differences in DNA 

methylation levels of steroidogenic enzymes (e.g., cyp19a1a, hsd17b1 and hsd11b2) and transcription and 

growth factors (e.g., dmrt1 and amh). In testes, elevated temperature increased methylation levels of 

cyp19a1a, cyp11a1 and amh, while it decreased methylation of dmrt1. To study transgenerational effects, 

five families previously exposed to temperature (parental, P), were raised until to the first (F1) and second 

(F2) generation. Family sex ratios and global DNA methylation in the testis were assessed. As expected, the P 

generation was masculinized by temperature. Family-dependent multigenerational effects (to the F1) were 

observed but no transgenerational effects (to the F2) were observed in any family. Global DNA methylation 

was significantly decreased in the testis of the 35°C-derived males in the F1 generation but not in the F2 

generation neither in the P generation. These alterations in the testicular epigenome in F1 males suggests 

possible, previously unnoticed, effects of temperature in the unexposed offspring of heat-exposed parents. 

This novel finding is relevant in a global warning scenario and calls for similar studies in other species. 


