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Supplementary Notes
The expression of gsdf in Ago2 IP fraction of tongue sole testis
We also determined the expression of gsdf in the Ago2 IP fraction of tongue sole testis. The results demonstrated that gsdf was significantly enriched in the Ago2 IP fraction compared to the IgG control fractions (Supplemental Fig. S8). It suggests that gsdf was medicated in an AGO2-dependent manner in tongue sole testis.
The conservative analysis of circdmrt1, AMSDT and cse-miR-196 across teleost
[bookmark: _Hlk100875187][bookmark: _Hlk104194441]We performed sequence alignment of circdmrt1, AMSDT and cse-miR-196 from different teleost fish to show the universality of our findings. The results showed that the sequence of circdmrt1 and precursor sequence of cse-miR-196 represent high conservation in different fish species (Supplemental Fig. S9). These results suggested that circdmrt1 may act as ceRNA to interact with cse-miR-196 among different teleost fish. However, the sequence of AMSDT was not found in other fish species. It was inferred to be a specific ceRNA in the sex determination and differentiation of tongue sole.
The significance of circdmrt1-mediated posttranscriptional regulation for gsdf expression in vivo
Since overexpression of circdmrt1 could rescue cse-miR-196 - mediated suppression of gsdf in vivo (Fig. 6K), we also tried to rescue the expression of gsdf in si-dmrt1 testis by overexpression of circdmrt1 to clarify the significance of circdmrt1-mediated posttranscriptional regulation in comparison to that of dmrt1-dependent transcriptional activation. The results showed lower expression of gsdf in the si-dmrt1 group than in the si-NC group. However, the expression of gsdf was significantly up-regulated by the overexpression of circdmrt1 (p < 0.01, Supplemental Fig. S10). This indicates that circdmrt1-mediated posttranscriptional regulation of gsdf expression is important in the gonad development of tongue sole as the dmrt1-dependent transcriptional activation pathway.

Supplemental methods
Processing of small RNA sequencing data
An analysis pipeline was developed to identify gonadal miRNAs in tongue sole (Supplemental Fig. S1). The detailed pipeline for processing of small RNA sequencing data were referenced to former research (Li et al. 2020).
Pipeline for lncRNA, circRNA identification
[bookmark: _Hlk527151924]The analysis procedure for lncRNA and circRNA identification is shown in Supplemental Fig. S1. For predicting novel lncRNA, sequencing reads were first cleaned by removing adaptor sequence and low quality bases with Cutadapt (v 1.10) (Martin 2011). Then the retained high-quality reads were aligned to the Cynoglossus semilaevis genome (NCBI, assembly Cse_v1.0) with Hisat2 (v2.0.4). Transcriptome reconstruction was performed to obtain transcripts with better accuracy and integrity using StringTie (v1.0.4), Subsequently, the replicated transcripts in different gonad samples were removed by cuffcompare (v2.1.1) to get a whole transcriptome. In order to obtain the most robust transcripts, a series of filters were then used according to ref. (Prensner et al. 2011). Remaining transcripts were further removed, if the translated ORF contained a protein domain based on a search by HMMER v3.1b2 (Mistry et al. 2013). Finally, the transcripts with no protein-coding potential predicted by lncRNA prediction software (CPC2-beta(Kang et al. 2017), CNCI v2.1 (Sun et al. 2013), FEELnc (Wucher et al. 2017) were classified as candidate novel lncRNAs. For predicting known lncRNA, the transcripts were searched against known lncRNAs in NCBI using Cuffcompare. The lncRNA transcripts that the splice sites were completely congruent between our results and those annotated in NCBI were predicted as known lncRNAs. The CIRI2 (Gao et al. 2015; Gao et al. 2017) and find_circ (Memczak et al. 2013) tools were used to detect and identify the circRNAs using read mapping to the tongue sole genome by BWA-MEM (Li 2013) and STAR (Dobin et al. 2013). The transcripts identified by both find_circ and CIRI2 were considered as candidate circRNA for further analysis.
Expression analysis
[bookmark: OLE_LINK36]FPKM values of mRNAs and lncRNA, TPM values of circRNA and RPM values of miRNA were calculated with Cufflinks v2.0.2 (Supplemental Fig. S1). To detect differentially expressed loci, the read counts of mRNA, lncRNA and miRNA were calculated by HTSeq (v0.9.1) (Anders et al. 2015) (Supplemental Fig. S1). The back-spliced reads of circRNA were counted by find_circ (Nicolet et al. 2018). To analyze the differential expression, the R package DESeq2 (v1.4.5) was used on the basis of the reads counts and the produced p-values were adjusted by Benjamini and Hochberg’s methods to control the false discovery rate (Yang et al. 2016; Nicolet et al. 2018). LncRNAs, mRNAs and miRNAs with adjusted p-value < 0.01 and 2-fold change were considered differentially expressed while circRNAs with adjusted p-value < 0.05 and 1.5-fold change were considered differentially expressed.
Sample clustering based on the expression of lncRNAs, circRNAs, miRNAs and mRNAs
The graphical representations of lncRNA, circRNA, miRNA, and mRNA expression profiles of gonad samples were performed by PCA analysis, which was done with STATISTICA software (StatSoft Inc., Tulsa, OK). Missing values was computed by the k-nearest neighbor method. 
MiRNA target prediction 
[bookmark: _Hlk93597195][bookmark: _Hlk93596800]The miRNA binding sites in lncRNAs, circRNAs and the mRNAs were predicted using miRanda (v3.3a), filtered and modified according to Yu-Chan Zhang (Wu et al. 2013; Zhang et al. 2014). 
Construction of lncRNA/circRNA-miRNA-mRNA ceRNA networks
[bookmark: _Hlk92621826]According to the competing endogenous RNA hypothesis, lncRNA (circRNA) can directly interact with miRNAs and prevent them from binding with mRNAs thereby acting as the functional microRNA ‘sponge’ (Liu et al. 2013). Based on the mRNA-miRNA, lncRNA-miRNA, and circRNA-miRNA interactions predicted by miRanda, the probability of ceRNA-ceRNA pairs was calculated using a hypergeometric distribution (Liu et al. 2013; Das et al. 2014) and adjusted by false discovery rate（FDR）with threshold of 0.01 (Benjamini and Hochberg 1995) (Supplemental Fig. S1). 48 known sex-determination-related genes were selected from the above lncRNA/circRNA-miRNA-mRNA networks and their ceRNA networks were constructed on the basis of the ceRNA-ceRNA pairs with p-value <0.05. Cytoscape (v3.8.2) was performed to visualize the ceRNA networks.
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