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Drosha is critical for producing mature microRNAs (miRNAs) from their precursor molecules and small interfering RNAs (siRNAs). Although Drosha has been well characterized in most vertebrate species, identifying the Japanese flounder Drosha has remained elusive. In this study, we cloned the Japanese flounder Drosha gene, which has 4,122 nucleotides (nt), including a 5’-untranslated region (UTR) of 14 nt, a 3’-UTR of 230 nt, and a 3,879 nt open reading frame (ORF) encodes a 1,292 amino acid polypeptide. Then, we analyzed the conservation and phylogenetic evolution of Drosha in some species. Real-time quantitative PCR revealed that Drosha mRNA is highly expressed in the brain, and a lower amount of mRNA was also found in muscle than in other tissues. Drosha plays a vital role in controlling flounder development and metabolism, and its mRNA levels were relatively high at 36 dph (days post-hatching) in the period of metamorphosis and growth of the Japanese flounder. Drosha expression showed in advance with a peak at 23 dph following TH (thyroid hormone) treatment. To further investigate the role of Drosha in metamorphosis, we performed siRNA knockdown of Drosha in flounder embryonic cells (FEC) cells. The result shows that the Drosha-specific siRNA significantly down-regulated Drosha mRNA and miR-1,133,17,214,181a,181b levels, while primary miRNA (pri-miRNA) levels were not significantly different from negative control (NC). These results suggest that Drosha plays a vital role in Japanese flounder development and metamorphosis through processing to produce mature miRNAs, providing essential information for further studying of the part of the Drosha gene in the Japanese flounder development.
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1 Introduction

Japanese flounder (Paralichthys olivaceus) is one of the most critical economic fish in marine aquaculture in China, Korea, and Japan (Gawantka et al., 1998). The Japanese flounder market has increased in economic value due to high consumption (Han et al., 2006). The best-studied example of vertebrate metamorphosis is the anuran amphibian—the frog. However, the Japanese flounder is a noteworthy example of a commercially valuable metamorphosis. The planktonic larvae are symmetrical before metamorphosis. After metamorphosis, one eye migrates to the opposite side of the head and produces asymmetric bottom larvae (Campinho et al., 2010). Japanese flounder takes about 40 days to complete metamorphosis (Policansky and Sieswerda, 1979). During metamorphosis, tissues are also reconfigured, and their structure and function are altered due to tissue-specific expression of genes. Retinoic acid signaling plays a critical role in the developmental regulatory system of ocular-side-specific asymmetric pigmentation in flounders (Chen et al., 2020). During metamorphosis of flounder larvae, Sox10-positive progenitor cells migrate from the base of the dorsal fin to the blind side of the skin starting from a specific stimulus and causing ectopic pigmentation (Togawa et al., 2018). Tissue-specific expression of genes is induced directly or indirectly by thyroid hormones. Treatment of Japanese flounder with exogenous thyroid hormones induces premature metamorphosis, whereas thiourea inhibits metamorphosis (Hoke et al., 2006; Mullur et al., 2014). In addition, the regulation of gene expression is tissue-specific during metamorphosis of Japanese flounder. Thyroid hormones (TH) have been shown to be a necessary and sufficient factor during metamorphic development in Japanese flounders (Miwa and Inui, 1987; Manchado et al., 2008; Power et al., 2008).

Nevertheless, TH-regulated cellular and molecular events driving eye migration during Japanese flounder asymmetric development remain elusive. The forces behind driving Japanese flounder eye migration have also been troubling biologists, and recently, it has been proposed that cell proliferation in the subocular region is the primary cause (Bao et al., 2011). However, this model cannot account for remodeling during metamorphosis of the ventral blind lateral jaw and eye still migrate when cell proliferation has been inhibited.

MicroRNA is a class of small non-coding RNA consisting of about 22 bases, which, usually, negatively regulates mRNA expression of target genes at the translation level (Hatfield et al., 2005). MicroRNA is an endogenous small molecule RNA encoded by the genome, which must be processed to become a functional microRNA. In general, the processing of RNA transcripts into mature miRNAs can be divided into four steps: primary miRNAs (pri-miRNAs), pre-miRNAs, miRNA/miRNA* duplexes, and mature miRNAs. Drosha enzyme is mainly responsible for cleaving pri-miRNA into pre-miRNA (about 70 nt) in the nucleus and exporting pre-miRNA from the nucleus to the cytoplasm under the action of Export5. Then, the precursor is cleaved into mature miRNA(about 22 nt) by Dicer in the cytoplasm (Denli et al., 2004; Okada et al., 2009; Ha and Kim, 2014; O’Brien et al., 2018).

Drosha belongs to the RNaseIII family, which contains a rich thymine domain, arginine domain, a CED domain, a double-stranded RNA binding domain, and two RNA catalytic domains (Lee et al., 2006; Kwon et al., 2016). Drosha and DGCR8 form a microprocessor complex, and both act synergistically for precise cleavage of the stem-loops of pri-mRNA to create pre-mRNA (Luhur et al., 2014). They play a major role in miRNA formation. If Drosha is knocked out, the production of pre-miRNA and mature miRNA will be affected (Jeong et al., 2016), which will eventually cause cellular dysfunction and even apoptosis. It has been shown that microRNAs play an essential role in the metamorphosis of Japanese flounders (Fu et al., 2011; Zhang et al., 2015). Here, we cloned Drosha, a critical gene in the miRNA synthesis pathway of Japanese flounder, and analyzed its expression levels in different tissues and metamorphosis stages by QRT-PCR and the effect of exogenous TH on the expression of the Drosha gene. The result provides a reference for further study on the effect of the Drosha gene on the metamorphosis of Japanese flounders.



2 Material and methods


2.1 Experimental fish and sample collection

Japanese flounder embryos, larvae, and adult fish were collected from Beidaihe Central Experimental Station (Chinese Academy of Fishery Sciences, China). Embryos and larvae were maintained in tanks with circulating water, and the temperature was 16°C. The samples were periodically collected (n=3 pools, 15–30 specimens/pool) at 0 h (unfertilized egg), 26 hpf (hour post-fertilization, gastrula stage), 71 hpf (heart-beating stage), 3 dph (days post-hatching), 9 dph, 14 dph, 17 dph (pre-metamorphosis, the stage before the start of eye migration), 23 dph (pro-metamorphosis, the right eye moved toward the dorsal margin but still could not be seen from the left/ocular side), 29 dph (climax metamorphosis, the right eye has become visible from the ocular side while not reached the dorsal midline), 36 dph (post-metamorphosis, the right eye has just located on the dorsal margin), and 41 dph (completed metamorphosis) (Policansky and Sieswerda, 1979). Under standard conditions in our laboratory, larvae survive an average of 41 days from hatching to completion of metamorphosis. Referring to the Policansky and Miwa’s classification method for the metamorphosis development period of Japanese flounder (Policansky and Sieswerda, 1979; Miwa, 1987), according to the changes in the appearance of the fish, the metamorphism process corresponds to the number of days after hatching as shown in the Supplementary Table 1.

Collected samples were immediately cryopreserved in liquid nitrogen at -196°C until RNA extraction.

To study the effect of TH on Drosha in Japanese flounder metamorphosis, we divided the 15-day-old larvae into three groups with 5,000 larvae in each. We reared them in seawater containing either 0.1 ppm concentration of TH (T3), 30 ppm of TU (Inui and Miwa, 1985), or none. We replace the 1/3 water daily to keep T3 and TU concentrations constant. Until day 41, we terminated the TH and TU treatments. Larvae (n=3 pools, 15–30 specimens/pool) were collected at 17, 23, 29, and 36 dph, frozen in liquid nitrogen, and stored at −196°C until RNA extraction.

The adult fish’s heart, liver, spleen, stomach, kidney, brain, gill, muscle, gonad, and intestine (n=3) were separated, frozen in liquid nitrogen directly, and stored at -196°C until RNA extraction.

Japanese flounder embryonic cells (FEC) (the Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences) were cultured in DMEM (GIBCO, CA) supplemented with 10% fetal bovine serum (GIBCO) and 1x penicillin/streptomycin (Gibco), then maintained at 24°C  in an ambient air incubator (Chen et al., 2004).



2.2 RNA extraction and cDNA cloning of Drosha

Total RNA was isolated from embryos, whole larvae (including control, TH-treated or TU-treated) and adult tissues/organs (gill, heart, intestine, stomach, spleen, muscle, kidney, and liver) using TRIZOL reagent (Life Technologies, CA, USA) genomic DNA contamination was removed using RQ1 RNASE-FreeDNASE (Promega, Madison, WI, USA) according to the manufacturer’s instructions. RNA integrity was detected by agarose gel electrophoresis using a NANODROP2000 spectrophotometer (ThermoScientific, Waltham, MA, USA) to quantify the RNA concentration, and the ratio of A260/A280 was between 1.8 and 2.0.

Using M-MLV Reverse Transcriptase (Promega), DNase-treated total RNAs (1.0 μg) from each sample were reverse-transcribed by Oligodt (Takara, China). We compare the published Drosha cDNA sequences on NCBI (http://www.ncbi.nlm.nih.gov) and then design five pairs of primers for cloning the partial fragments of Drosha from Japanese flounder. The components for PCR amplification were combined: 1 μl of cDNA template, 2.0 μl of 10× Ex Taq buffer, 1.6 μl of dNTP (2.5 mM of each), 2 μl of each the forward and reverse primers (10 μM), and 0.2 μl of Ex Taq® DNA polymerase (TaKaRa, Japan) and 11.2 μl dH20 in a final volume of 20 μl. The PCR amplification condition: denaturation at 94°C for 4 min, with 35 cycles at a melting temperature of 94°C for 30 s, an annealing temperature of 50–60°C (according to the primers) for 30 s, and an extension temperature of 72°C for 60–150 s (according to the primers). The gene-specific primers for the 3’ and 5’ RACE were designed based on the partial fragment, and adaptor primers and the full-length cDNA of Japanese flounder Drosha were cloned using the 5’ and 3’ -Full RACE Kit (Takara, Japan). The primers used in the present study are listed in Table 1.


Table 1 | The primer sequences for the PCR used in the present study.



The amplified products were separated by 1.5% agarose gel electrophoresis. The desired band was present and ligated into PMD®19-T vector (TAKARA, Japan) after purification using a Gel Extraction Kit (Tiangen, China), and transformed into Escherichia coli strain DH5α competent cells. The positive clones were sequenced on an ABI PRISM 3730 Automated Sequencer (ABI, USA).



2.3 Sequence and phylogenetic evolution analysis

Other species homologues were obtained by a BLASTX search of the Japanese flounder DROSHA protein, which was our cloned. The accession numbers of which are in the Supplementary Table 2. The Drosha amino acid sequences were aligned and the phylogenetic tree was constructed using the MEGA program (version 11.013; www.megasoftware.net) with the neighbor-joining method and maximum-likelihood method with 1,000 bootstraps. Then, the phylogenetic tree was visualized by Evolview (https://www.evolgenius.info/evolview) (Subramanian et al., 2019).



2.4 Real-time quantitative PCR

Total RNA from adult tissues, embryos, and larvae was isolated using Trizol® reagent (Invitrogen, USA) and treated with DNase (5 U/μl) (TaKaRa, Japan) for 1 h. RNA integrity was assessed by 0.8% agarose gel electrophoresis, and the concentration of RNA samples was determined by spectrophotometer NANODROP2000C (Thermo). The ratio of A260/A280 is between 1.83 and 2.02. DNase (Promega, Madison, WI, USA) without RQ1RNase eliminated genomic DNA contamination. We then used PCR amplification to confirm that the genomic DNA was free of contamination.

We used CFX96 Touch™ Real-Time PCR Detection System (Bio-Rad, USA) to accomplish the Real-time quantitative PCR. The components of reactions were in a 20 μl volume containing 1 μl cDNA generated from the RNA template, 2 μl of each of the specific forward and reverse primers (Drosha qPCR1- F and Drosha qPCR1- R, 10 μM), and 10 μl of 2 × iO™ SYBR Green Supermix (Bio-Rad, USA).

The condition of amplification was used as follows: initial denaturation for 1 min at 95°C, followed by 40 cycles of 95°C for 30 s, and 60°C for 10 s and a melting curve was obtained for assessing the specificity of the qPCR amplification, additional cycles were performed by reading the fluorescence value from 55 to 95°C. We used sterile deionized water instead of a cDNA template for negative controls. Each experiment was repeated in duplicate. For normalization of cDNA loading, the housekeeping gene β-actin was run in parallel with all samples. A standard curve of each pair of primers was generated to estimate amplification efficiencies based on known quantities of cDNA (4-fold serial dilutions corresponding to cDNA transcribed from 100 to 0.1 ng of total RNA). All calibration curves exhibited correlation coefficients higher than 0.99, and the corresponding real-time PCR efficiencies (E) were higher than 0.95. We used the 2−ΔΔCT method to determine the relative mRNA expression for the Drosha gene. The primer sequences see the Table 1.



2.5 siRNA inhibit Drosha expression in vitro

Based on the synthesized Drosha sequences, three interfering sequences (Drosha-siRNA1, Drosha-siRNA2, and Drosha-siRNA3) targeting Drosha silencing and one negative control (Drosha-siRNA-FAM-NC) with fluorescence were designed. The negative control is a sequence that is not present in the fish. The siRNA sequences were synthesized by Shanghai Jima Pharmaceutical Technology Co.

The FEC cells in the culture flasks were digested with 0.25% trypsin 1 day before transfection, and about 0.4×10 6 cells were inoculated into 6-well culture plates, and the cells were transfected after 24 h when they reached about 70%–80% confluence. Three Drosha (siRNA-1, siRNA-2, and siRNA-3) and Drosha-siRNA-FAM-NC (Table 2) were transfected into FEC cells with Lipofectamine 2000 (Invitrogen). 


Table 2 | siRNA target site and sequence.



The LipoFiter TM-DNA mixture was prepared at a certain ratio and 500 ul of LipoFiter TM-DNA mixture was added to each well, followed by gentle 8-word shaking and mixing; after 6 h of incubation in the cell culture incubator, the culture medium containing LipoFiter TM-DNA was removed. The culture was continued by adding 2 ml of fresh cell culture medium per well and detected under fluoroscopy after 48 h. The expression of pri-miRNA (pri-mir-1,133,17,214,181a,181b), the corresponding miRNA and Cdc42 were assessed at the mRNA level by Realtime-PCR When Drosha was knocked down in FEC cells by siRNA against  Drosha. Real-time PCR was performed according to the method in 2.4, 5sRNA was used as an internal reference. The primer sequences are shown in Tables 1, 2.



2.6 Statistical analysis

The one-way ANOVA and post-hoc Dunnett’s T3 test was used to analyze the comparisons among different stages and adult tissues. As for the comparisons among drug treatments, we used two-way ANOVA and a Bonferroni post-hoc analysis. All experimental data were shown as the mean ± Standard Error (SE) (n=3). At the level of p < 0.05, the results of significance were accepted.




3 Results


3.1 Characters and analysis of Japanese flounder Drosha

The Drosha fragment was amplified with some primers (Table 1). The 5’-RACE fragment and the 3’-RACE fragment were amplified based on the Drosha fragment, respectively. The complete cDNA consists of 14 bp 5’-UTR, 230 bp 3’-UTR, and an open reading frame (ORF) of 3879 bp. In addition, the ORF encodes a polypeptide of 1292 amino acids.

Drosha sequences from five species were aligned. As shown in Figure 1, Drosha had five highly conservative amino acid sequence domains: DEXD/H-box, DUF283, PAZ_Drosha_like, two neighboring RNase III, and dsRBD domain. BLAST analysis showed an average homology of 78% to other species. The highest homology of 89% was found between the amino acid sequence of Oreochromis niloticus and that of Japanese flounder. Moreover, it showed that the lowest identity of 72% was found between the amino acid sequence of Xenopus laevis and that of Paralichthys olivaceus.




Figure 1 | Amino acid sequence alignment of Japanese flounder Drosha with that of other species. Light gray blocks showed a few different residues between those sequences shown. The red box contains the active region of the RNase III superfamily. pol: Paralichthys olivaceus; cse: Cynoglossus semilaevis (XP_008306545.1); dre: Danio rerio  (NP_001103942.1); hsa: Homo sapiens (NP_037367.3); mmu: Mus musculus (NP_081075.3).



A phylogenetic tree of Drosha, which used DROSHA protein sequences for 26 species in animal, was constructed to ascertain the evolutionary relationship of Drosha in metazoan. Both neighbor-joining (NJ) and maximum likelihood (ML) methods were used for evolutionary analysis. The evolutionary relationship between the ML tree and the NJ tree is very similar (Figures 2A, B). The Paralichthys olivaceus was clustered with Scophthalmus-maximus, located in the osteichthyes branch. The phylogeny (based on amino acid sequence) of DROSHA was largely consistent with that of the expected species.




Figure 2 | Phylogenetic tree of the selected Drosha sequences by the Neighbor-Joining method (1000 bootstrap) (A) and by the maximum-likelihood method (1000 bootstrap) (B). Bootstrap values are shown at the branch points. Scale bar indicates the number of changes inferred as having occurred along each branch. The Drosha amino acid sequences used for analysis are extracted from the GenBank database.





3.2 Tissue distribution of Drosha mRNA

We used real-time quantitative PCR to conduct the expression pattern of Drosha mRNA in different tissues of adult Japanese flounder. As shown in Figure 3, Drosha mRNA was detected in all investigated tissues. It was observed that the brain was the highest, the ovaries, gills, and kidneys were the lowest, and other tissues were medium. Drosha levels, which are about equal among heart, stomach, and liver, are significantly lower than that in muscle and intestine (p < 0.05).




Figure 3 | Relative expression levels of Drosha mRNA in adult tissues of Japanese flounder. The data are expressed as the mean ± Standard Error (SE) (n = 3) from the calibrator group (Muscle) and expression were normalized to those of β-actin. Different letters indicate significant differences between the two tissues (P < 0.05).





3.3 Expression of Drosha mRNA during embryonic and larval development

The mRNA of Drosha could be detected in all developmental stages (Figure 4). As shown in Figure 4, the highest expression level of Drosha was detected in 36 dph. The Drosha gene is hardly expressed during unfertilized eggs. Additionally, it significantly declined at 3 dph, when the yolk absorption was almost complete. However, the expression of Drosha kept a higher level and was no significant difference at four metamorphic stages.




Figure 4 | Relative levels of Drosha mRNA during early development of Japanese flounder. Expression values were normalized to those of β-actin, and data are expressed as the mean ± Standard Error (SE) (n = 3) from the calibrator group (E1). E1, unfertilized stage; E2, gastrula stage; E3, heart-beating stage.





3.4 Effect of TH and TU on the expression of Drosha mRNA during metamorphosis

We determined the expression pattern of Drosha in larvae sampled 17, 23, 29, and 36 days after TH and TU treatment (Figure 5). In 17 d, 23 d, and 29 d, the expression of Drosha was not significantly different between TH and TU. Significantly, the level of Drosha in TH-treated at 36 d declined compared to the CK (untreated group), and 29 d was higher than that in other states. The expression of Drosha in TU-treated larvae was kept at the same level among the other three stages except 23 d. Moreover, the level of Drosha in the untreated group was almost steady except 36 d. There were significant differences in Drosha mRNA in the TH (17, 20, 29, 36, 41 dph) and TU (17, 20, 23, 29, 36, 41 dph) treated groups compared to the control group (p < 0.05).




Figure 5 | Relative Drosha mRNA expression levels in TH- and TU-treated larvae during Japanese flounder metamorphosis. Expression values were normalized to those of β-actin, and data are expressed as the means ± Standard Error (SE) (n = 3) from the calibrator group (36 d-TU). CK displayed the untreated group; TH and TU displayed the thyroid hormone and thiourea-treated group. *, indicates a significant difference (*, p < 0.05) compared to control.





3.5 Drosha-siRNA transfection


3.5.1 Drosha-siRNA transfection

To further confirm the role of Drosha in Japanese flounder metamorphosis, we used siRNA interference. The interference efficiency of siRNA was routinely assessed by fluorescence at 24 h after transfection of FEC cells with Drosha-siRNA-FAM-NC. A large amount of fluorescence appeared and the transfection efficiency was 51%. Figure 6A shows the observation results under white light 24 h after transfection, and Figure 6B shows the observation results under green fluorescence light under the same field of view 24 h after transfection.




Figure 6 | (A) Drosha-siRNA white-light; (B) Drosha-siRNA-FAM-NC green fluorescence Drosha-siRNA-FAM-NC: The siRNA sequence is not present in the fish.





3.5.2 Drosha expression after Drosha gene silencing

We designed three siRNAs to knockdown Drosha and found that siRNA-2 has the highest interference efficiency among three designed siRNAs in FEC cells. Then, 2 ug/ml Drosha-siRNA2 was transfected into FEC cells. The FEC cells were collected after 24 h, 48 h, and 72 h incubation, and the NC (siRNA sequence is not present in the fish) was used as the control. Finally, fluorometric quantification and Western blot assay were performed. The results showed that Drosha mRNA and protein expression were inhibited in the 24 h, 48 h, and 72 h transfected groups compared with the NC group, and the difference between transfection 48 h and 72 h groups was not statistically significant (P>0.05) (Figure 7).




Figure 7 | Expression of Drosha protein (A) and mRNA (B) at different transfection times. NC: Drosha-siRNA-FAM-NC. The siRNA sequence is not present in the fish.





3.5.3 Expression of pri-miRNA and miRNA after Drosha gene silencing

To determine if Drosha knockdown was reducing mature miRNAs or pri-miRNAs, we examined the levels of mature and pri-miRNAs. Drosha-siRNA2 was used to transfect FEC cells for 48 h. The FEC cells were collected and Real-time PCR assay of pri-miRNA and miRNA was performed, and the results showed that pri-miRNAs (pri-miR-1, 133, 17, 214, 181a, 181b) were not affected after transfection with Drosha-siRNA, while that mature miRNAs were significantly reduced, as shown in Figures 8A, B. This suggests that the reduction of these miRNAs occurs at the precursor stage and Drosha knockdown reduced the levels of some miRNAs in FEC cells.




Figure 8 | Expression of pri-miRNA (A) and mature miRNA (B) in transfected Drosha-siRNA. NC: Drosha-siRNA-FAM-NC, The siRNA sequence is not present in the fish.





3.5.4 Gene expression of Cdc42 after Drosha gene silencing

To assess the effect of Drosha knockdown on cell proliferation, we examined the expression level of Cdc42 in FEC cell. The Cdc42 gene was associated with apoptosis and proliferation, Cdc42 protein is a cell division cyclin, which belongs to the Rho family of proteins and acts as a “molecular switch” in cell signaling. Drosha silencing resulted in decreased Cdc42 mRNA expression, indicating decreased cell proliferation (Figure 9). This result implicates the role of Drosha in the development and growth of Japanese flounder.




Figure 9 | The expression of Cdc42 in NC and transfected Drosha-siRNA. NC: Drosha-siRNA-FAM-NC, The siRNA sequence is not present in the fish.







4 Discussion

Drosha is an important gene in the miRNA synthesis pathway. In this study, we obtained the full-length sequence of Drosha gene cDNA from Japanese flounder. Sequence analysis revealed that Drosha contains two adjacent RNA enzyme III structural domains (RIIIDa and RIIIDb) and one dsRBD, which belong to the RNA enzyme III family. The RIIIDa and RIIIDb structural domains can each bind a DGCR8 and perform their double-stranded RNA shearing function (Filippov et al., 2000; Wu et al., 2012).

In this study, the results of tissue differential expression analysis of the Drosha gene in Japanese flounder showed that it was expressed in all the tissues examined, but the expression differed significantly in different tissues, with significantly higher expression in both brain and muscle, followed by intestine. The results suggest that the Drosha gene may play a regulatory role in neural and muscle development. The results of differential expression analysis of Drosha gene in embryos and juveniles of Japanese flounder showed that it was expressed in all periods examined except the unfertilized egg (E1) period, but the expression varied greatly in different tissues and reached the highest point after the peak of metamorphosis (36 dph). However, it was found that the expression of Drosha was significantly decreased at 3 dph. It is speculated that a large amount of DROSHA protein is stored in the E2 phase, and the yolk is completely absorbed to provide nutrients at this time (Miwa, 1987), and there is no need to synthesize a large amount of mature miRNA. There is no relevant research so far, and the specific reasons need to be further explored. In a word, the results suggest that the Drosha gene may play a regulatory role in the development of metamorphosis in Japanese flounder.

Thyroid hormone induced the metamorphosis, while thiourea inhibits the metamorphosis of Japanese flounder (Inui and Miwa, 1985). The Drosha enzyme plays a regulatory role in the metamorphosis of flounder, so we designed TH and TU experiments, and further explore the mechanism of TH and TU regulating the metamorphosis of Japanese flounder. The results showed that the peak expression of Drosha gene in TH-treated group was advanced to day 23, compared with the peak expression of Drosha gene in control group on day 36. This result is consistent with TH promoting the metamorphosis of Japanese flounder. Thyroid hormone (TH) promotes the development of symmetrical larvae into asymmetric benthic larvae in pelagic fish. One eye wanders to the other on the other side of the head (Campinho et al., 2018). In all teleost studies to date, thyroid hormone (TH) promotes metamorphosis. TH is a necessary and a sufficient factor for this developmental change (Campinho, 2019).

As shown in the present study, there is a positive relationship between time to metamorphosis and Drosha expression. To further explore the role of Drosha, we performed siRNA knockdown experiments. Drosha is a miRNA processor (Kim et al., 2015). Figures 8A, B and Figure 9 showed the maturation of miRNAs and miRNA-targeted of Cdc42 were repressed when Drosha was knockdown. Cdc42 (cell division cycle 42) is the target gene of miR17 (Zhang et al., 2016), and regulates cell cycle. This is consistent with previous findings that knockdown of the Drosha gene in vascular smooth muscle cells decreases the proliferation of vascular smooth muscle cells (Fan et al., 2013). In Japanese flounder, miRNAs have been reported to regulate metamorphosis development (Li et al., 2020).



5 Conclusions

The mechanisms underlying metamorphosis development in Japanese flounder remain unclear. We cloned and characterized the Drosha gene in Japanese flounder for the first time and explored the role of Drosha in early development and metamorphosis in Japanese flounder. Our research shows that Drosha is highly expressed during the metamorphosis stage.

In this research, T3 has been shown to have a positive regulatory effect on Drosha expression in Japanese flounder during metamorphosis, which this mechanism is consistent with the T3-induced metamorphosis. The results suggest that T3-induced metamorphosis of Japanese flounder is accelerated upon regulation of miRNAs by Drosha. We concluded that one of the developmental mechanisms of flounder metamorphosis may be regulated by the T3-Drosha-miRNA signaling pathway. However, further studies are needed to confirm the findings.
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siRNA-1 target sequence AUUCUGAGCAGACACCUGGTT
(383) interfering sequence CCAGGUGUCUGCUCAGAAUTT
siRNA-2 target sequence AUCCAGUUUGGUCUUGGGCTT
(1346) interfering sequence GCCCAAGACCAAACUGGAUTT
siRNA-3 target sequence AUCUGGGUUGAACUGUUCCTT
(2225)

interfering sequence GGAACAGUUCAACCCAGAUTT
FAM-NC UUCUCCGAACGUGUCACGUTT
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Primers Sequences (5°-3°) Annealing Application
temperature, °C

Drosha-F1 CGCCAGAAGAACACTATGC 54.0 Gene amplification
Drosha-R1 CAGGTGCGAGTGGTGAATA Gene amplification
Drosha-F2 CATCGCCGAGATCAAGAG 53.0 Gene amplification
Drosha-R2 GCGTATTTCTGCCACTCC Gene amplification
Drosha-3'race GTTCGCTGGTAAACAACCGCACGCA 61.0 Gene amplification
Drosha-5'race outer primer TTACACAGGGGACCATCATTCATCT 63.7 Gene amplification
Drosha-5'race inner primer CTTCACCGTCTGATTCACAGTCCGA 67.3 Gene amplification
Drosha-F3 CGCTTCAACATAGATTACACCA 60.0 Real-time RT-PCR
Drosha-R3 CACCATCAGGTAAGAATCGG Real-time RT-PCR
B-actin-F GGAAATCGTGCGTGACATTAAG 60.0 Real-time RT-PCR
B-actin-R CCTCTGGACAACGGAACCTCT Real-time RT-PCR
Cdc42 F GACAGATTACGACCACTAAG 60.0 Real-time RT-PCR
Cdc42 R GCCGAACACTCAACATAT Real-time RT-PCR
Pri-miR-1 F CCGCTGTATGAGCCCTACCA 60.0 Real-time RT-PCR
Pri-miR-1 R GGCGTAGAAAAAAATCTGATGTGT Real-time RT-PCR
Pri-miR-17 F GGCAGGAAAGATGGGAGTAGTT 60.0 Real-time RT-PCR
Pri-miR-17 R CAAAGCCGTTAGGTTGGGTG Real-time RT-PCR
Pri-miR-133a F GAGGAAGAGACTACAGCACT 60.0 Real-time RT-PCR
Pri-miR-133a R ACAGGACCAGAGCAAAG Real-time RT-PCR
Pri-miR-214 F GCCAGGGCCTAGCTGCTTATT 60.0 Real-time RT-PCR
Pri-miR-214 R CGCTGGATGACACCAAGATGAGT Real-time RT-PCR
Pri-miR-181a F CGGTTCTAAAGCATCAGAGGACT 60.0 Real-time RT-PCR
Pri-miR-181a R TCGGGCCTGGGACTGTTAA Real-time RT-PCR
miR-1-F ACACTCCAGCTGGGTGGAATGTAAAGAAG 60.0 Real-time RT-PCR
miR-1-R AACTGGTGTCGTGGAG Real-time RT-PCR
miR-133a-F CTCTATTGGTCCCCTTCAACC 60.0 Real-time RT-PCR
miR-133a-R GTGCAGGGTCCGAGGT Real-time RT-PCR
miR-17- F CCGCCCAAAGTGCTTACAGT 60.0 Real-time RT-PCR
miR-17-R CGCAGGGTCCGAGGTATTC Real-time RT-PCR
miR-181a-F TGTCATTCAACGCTGTCGGT 60.0 Real-time RT-PCR
miR-181a-R GTCACGTCCCAGGCTCCATA Real-time RT-PCR
miR-214-F AACAGCAGGCACAGACAGGC 60.0 Real-time RT-PCR
miR-214-R GTCACGTCCCAGGCTCCATA Real-time RT-PCR
5sRNA-F CCATACCACCCTGAACAC 60.0 Real-time RT-PCR

5sRNA-R CGGTCTCCCATCCAAGTA Real-time RT-PCR





