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Introduction

Temperature during sensitive developmental windows has long-lasting effects on gene
expression (Díaz and Piferrer, 2015) and functional processes, such as reproduction and
muscle growth (Jonsson and Jonsson, 2014). These effects are mediated, at least partly,
at the molecular level by epigenetic mechanisms, such as DNA methylation. Changes of
DNA methylation patterns associated with the early developmental temperature a fish
experiences have been observed in the gonads at the gene (Navarro-Martín et al., 2011)
and at the genome-wide level (Shao et al., 2014; Sun et al., 2016), while in the muscle
changes have been observed at least at the gene level (Campos et al., 2013). In this study,
we used the European sea bass (Dicentrarchus labrax) as a model to study the long-
lasting effects of temperature experienced during early development on the methylome
and the transcriptome of adult fish.

Materials and methods

European sea bass eggs were obtained from a hatchery and subjected to two distinct
thermal treatments from 7 to 68 days-post-fertilization (dpf): maintained at low (16.5-
17ºC; LT group) or high (21ºC; HT group) temperature. After that, fish were maintained
under natural conditions of temperature until 1122 dpf (~3 years), when testis and
muscle were dissected from 3 fish per group. To interrogate the methylome, we used
Reduced Representation Bisulfite Sequencing (RRBS). RRBS libraries were prepared,
sequenced on Illumina HiSeq 2000 platforms and analyzed bioinformatically.
Differentially methylated cytosines (DMC) were identified as the CpGs with more than
15% methylation differences and q-value<0.01. Differentially methylated regions (DMR)
were identified by the edmr (Li et l., 2013) package.

Results

Differentially methylated CpGs (DMCs) were detected across the whole genome. In the
muscle of HT vs. LT fish 17024 hyper-methylated and 16031 hypo-methylated DMCs
were detected (33055 DMCs in total). In the testis of HT vs. LT fish 6015 hyper-
methylated and 3984 hypo-methylated DMCs were detected (9999 DMCs in total). We,
then, focused on differentially methylated regions (DMRs) since these are thought to be
crucial for the regulation of gene transcription. In the muscle of FHT fish, 736 DMRs
were identified. Six hundred forty eight (88%) DMRs overlapped with CpG islands (CGI)
and/or CpG shores (CGS), while 88 (12%) showed no overlap with CGI/CGS. Among
the identified DMRs, 638 (87%) overlapped with gene bodies and/or promoters, 98 (13%)
were located outside gene bodies and/or promoters, and 180 overlapped with repetitive
elements (Fig. 1). In the testis of HT fish, 325 DMRs were detected, among which 297
(91%) overlapped with CGI/CGS and 28 (9%) were located outside CGI/CGS. In gene
bodies and/or promoters 208 (87%) DMRs were assigned, while 43 (13%) DMRs
showed no overlap with gene bodies and/or promoters. In the testis of HT fish, 44 DMRs
overlapped with repetitive elements (Fig. 1).
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Fig. 1. Number of differentially
methylated regions (DMRs) in muscle
fish reared at high temperature during
early development vs fish reared at low
temperature. Numbers of DMRs for each
comparison are shown in total; inside
CpG islands (CGI) and CpG shores (CGS)
and outside CGI/CGS; inside gene bodies
and/or promoters and outside gene bodies
and/or promoters and inside repetitive
elements. Numbers of DMRs in muscle
are shown inside genomic features (dark
red) and outside genomic features (light
red). Numbers of DMRs in testis are
shown inside genomic features (dark blue)
and outside genomic features (light blue).

Conclusions

Early developmental temperature has long-lasting effects on the DNA methylation
patterns of muscle and testis of the European sea bass. These changes occur across the
genome and the majority of regions affected overlap with functional genomic elements,
indicating possible functional consequences at the gene expression and phenotypic level.
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