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Introduction

Body color is a prominent phenotypic trait and a significant economic characteristic in fish. While current research mainly examines the effects of genetic factors, less emphasis has been placed on the role of endogenous hormones in fish body color.





Methods

In this study, we investigated the changes in phenotype and pigment content in juvenile Sinibrama taeniatus after a 30-day treatment with gradient concentrations of L-thyroxine. To further understanding of the regulatory roles of thyroid hormone on pigment synthesis, we investigated the expression changes in genes involved in melanin-based and non-melanin-based pigmentation under the different hormonal regimes.





Results

Compared to the control group, the body color of the low-concentration L-thyroxine treatment group (20 nM) was lighter, while that of the high-concentration group (40 nM and 80 nM) was darker. Thyroid hormone treatment simultaneously affected melanophores, xanthophores, and iridophores in different ways, leading to an increase of melanin and guanine, and a reduction of pteridine and β-carotene. These findings suggest that thyroid hormone regulates fish body color pigment synthesis through both melanin-based and non-melanin-based mechanisms. Additionally, expression of genes involved in melanin-based (e.g. ctnnb1, wnt10b, and adcy3) and non-melanin-based pigmentation (e.g. xdh, ltk, pnp4a, and mpv17) were modified by thyroid hormone treatment.





Discussion

Our results enhanced the understanding of the role of thyroid hormone in fish pigmentation and provide useful information for cultivating fish with desirable body colors in aquaculture.
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1 Introduction

Body color is a striking feature of fish and one of the most important quality criteria dictating the market value of fish for both human consumption and ornamental use (Vissio et al., 2021). Fish exhibit a rich diversity of body colors, attributed to the various types of chromophores. While mammals have only one type of chromophore (melanocyte), at least six types of chromophores have been identified in fish (Schartl et al., 2016). The types of chromatophores differ among fish species, with most possessing three or four types. Fish chromophores can be categorized into two main groups: pigment-containing cells (such as melanophores, xanthophores, erythrophores, and cyanophores) and light-reflecting cells (such as iridophores and leucophores) (Sköld et al., 2016). Chromophores form specific pigment patterns through processes such as cell proliferation, differentiation, migration, and pigment synthesis (Rawls et al., 2001). These processes are regulated by a series of genes known as pigmentation genes (Baxter et al., 2019). Melanophores are the most common type of chromophore, responsible for the synthesis of melanin in fish (Logan et al., 2006). The mechanism of melanin-based pigmentation has been intensively studied in many species, such as zebrafish (Danio rerio), medaka (Oryzias Latipes), and Nile tilapia (Oreochromis niloticus) (Logan et al., 2006; Miyadai et al., 2023; Wang et al., 2022). Researches have shown that the cAMP/CREB-mitf and tyrosine metabolic pathway play an important role in the melanin-based pigmentation (Cal et al., 2017; Inagaki et al., 1998; Tachibana, 2000). In contrast, the non-melanin-based pigmentation, involving other chromophores, has been less thoroughly studied. Xanthophores and erythrophores contribute to yellow and red color through the production of pteridines and carotenoids, respectively. Genes such as csf1ra, gch2, and xdh are specifically linked to the specification and differentiation of xanthophores, as well as pteridines biosynthesis, as described in several fish mutants (Caetano-Lopes et al., 2020; Lu et al., 2022; Wang et al., 2021a). In fish, carotenoids are not synthesized endogenously but are obtained from the diet. However, the accumulation, transport, and metabolism of carotenoids are regulated by specific genes, such as scarb1, bcol, and spra (Caetano-Lopes et al., 2020; Lu et al., 2022; Tian et al., 2024). Iridophores contain purine platelets that reflect lights to generate iridescent colors. Previous studies showed that ltk, pnp4a, mpv17, and hps5 play crucial roles in iridophores differentiation and purine biosynthesis (Kimura et al., 2017; Krauss et al., 2013; Subkhankulova et al., 2023; Wang et al., 2024).

In addition to genetic factors, hormonal factors also regulate the body color of fish (Liu et al., 2023). Hormones can induce dispersion, aggregation and differentiation of chromatophores, influencing pigments synthesis (Vissio et al., 2021). Thyroid hormone (TH) is a key regulator that plays a crucial role in development, growth, metabolism, and pigmentation in fish (Guillot et al., 2016; Power et al., 2001). Recent studies have shown that TH controls the timing of adult color pattern formation during metamorphosis. In Poecilia wingei, alterations in TH levels affected the development of color patterns, leading to a variety of color patterns (Prazdnikov, 2021). TH regulates fish pigmentation by acting on chromatophores. In zebrafish, TH drives melanophores into a terminal differentiation state and limits their final number, while promoting the accumulation of orange carotenoids in xanthophores (McMenamin et al., 2014; Saunders et al., 2019). In clownfishes (Amphiprion occellaris and Amphiprion percula), TH deficiency reduced the number of iridophores and delayed the development of white stripes composed of iridophores (Salis et al., 2021). These studies suggest that TH exerts cell type-specific effects on color pattern formation across various fish species, warranting further investigation in additional fish taxa. It is worth mentioning that TH levels can be affected by environmental factors (Deal and Volkoff, 2020; Nugegoda and Kibria, 2017), linking phenotype variation to environmental change (Lema, 2020). In fish farming, the environment is inevitably affected by various factors. Therefore, it is valuable to investigate the effects of shifts in TH levels on color pattern in cultured fish, as coloration is closely related to fish market value.

Sinibrama taeniatus, an endemic fish species with considerable edible and ornamental value, is primarily distributed in the upper reaches of the Yangtze River (Liu et al., 2022). Under specific breeding conditions, S. taeniatus typically reaches sexual maturity in 4-5 months and spawns approximately about every two weeks, making a potential model fish (Zhao et al., 2023). In our previous study, we found that S. taeniatus takes a long time (~ 12 months) to form an adult pigment pattern, and the TH synthesis pathway is closely associated with pigmentation (Yuan et al., 2023). However, it is unclear whether TH plays a role in the pigmentation of S. taeniatus. In this study, we exposed juvenile S. taeniatus to water with various concentrations of TH and observed changes in body coloration. S. taeniatus possesses three types of chromatophores: melanophores, xanthophores, and iridophores (Yuan et al., 2023). We assessed both the number of chromatophores and pigments content produced by these cells after TH treatment. Additionally, we analyzed the expression patterns of key genes involved in both melanin-based and non-melanin-based pigmentation. Our study aims to elucidate how TH influences pigmentation in S. taeniatus and to provide a substantial basis for understanding the regulatory mechanisms of endocrine hormones on fish pigmentation.




2 Methods and materials



2.1 Ethics statement

All animal experiments conducted in this study were carried out in strict accordance with the guidelines and regulations set forth by the Institutional Animal Care and Use Committee of Southwest University. The research protocols were thoroughly reviewed and approved to ensure the ethical treatment and welfare of the animals involved.




2.2 Hormonal treatment

L-thyroxine (Solarbio Biotechnology, China), with a purity exceeding 98%, was dissolved in dimethyl sulfoxide to prepare a stock solution with a concentration of 10 mM. Store The stock solution was stocked in brown glass bottles at 4°C. Then was gradually diluted with double-distilled water to obtain working solutions with concentrations of 80 nM, 40 nM, 20 nM, 10 nM, and 1 nM, respectively.




2.3 Experimental fish

S. taeniatus were captured from their natural habitat in the Minjiang River (29.935426 N, 103.821574 E.) and transferred to indoor tanks in the laboratory. Two healthy adult fish were selected as broodstock, to produce offspring through artificial fertilization. Three days post-fertilization (dpf), the larvae were transferred from the egg incubator to 3-liter glass tanks. Each tank was equipped with an oxygen pump, a constant temperature system (maintaining a temperature of 26 ± 2°C), and a lighting system with a 13L:11D light cycle. The larvae were fed brine shrimp three times daily. The larvae were randomly divided into six groups (n = 100 per group), with five groups used for experimental treatments and one group serving as a control without L-thyroxine. The experimental groups were exposed to water with varying concentrations of L-thyroxine as indicated in section 2.2 for 30 days. The water in the tanks was replaced every three days with fresh water containing the corresponding concentrations of L-thyroxine. Prior to handling, the fish were anesthetized with MS-222 (Sigma-Aldrich, USA).




2.4 Chromatophore count

Melanophores on the body skin of larval S. taeniatus (n = 9) from each group were imaged using a Nikon SMZ25 stereomicroscope and quantified using ImageJ software. Our previous study indicated that xanthophores in juvenile S. taeniatus exhibit a diffuse form and appear covered by melanophores, while iridophores are small and aggregate in large numbers to reflect light (Yuan et al., 2023). Therefore, it was not feasible to identify individual xanthophores or iridophores for quantification.




2.5 Quantitative analysis of pigments

Dorsal skin samples fromS. taeniatus (n = 3) was collected for pigment detection. Skin melanin content was detected using a fish melanin ELISA kit (Ruixin, China) as described in our previous study (Yuan et al., 2023). The contents of pteridine, β-carotene, and guanine were determined using a high-performance liquid chromatography (HPLC) system (Agilent Technologies, USA). Dorsal skin samples were ground into a powder for HPLC analysis, with strict light control measures implemented during detection.

For detect guanine detection, 0.2 g of sample powder was placed in a brown centrifuge tube. Trifluoroacetic acid (5 mL) and formic acid (5 mL) were added, and the mixture was vortex-mixed for 12 minutes at 90°C. The cooled supernatant (1 mL) was filtered through a 0.45 μm membrane and passed through a chromatographic column (250 x 4.6 mm; particle size: 0.5 μm) for detection at a wavelength of 210 nm using a variable wavelength detector (VWD).

For detect pteridine detection, 0.1 g of sample powder was placed in a brown centrifuge tube with 5 mL of 0.5% potassium hydroxide solution. The pH was adjusted to 7.5 using a 0.1% dilute phosphoric acid solution. After ultrasonic agitation for 30 minutes at 4°C, the mixture was diluted to 8 mL with distilled water. The solution was filtered using a 0.45 μm membrane. Detection was carried out using a chromatographic column (Agilent EC-250 x 4.6 mm; particle size: 5 μm) equipped with a 1200-VWD detector.

For detect β-carotene detection, 0.1 g of sample powder was placed in a brown centrifuge tube with 5 mL of 0.1% BHT-ethanol solution and incubated for four hours. The sample powder underwent two extractions, and the resulting products were separated. The supernatant was collected and diluted to a final volume of 10 mL. For the assay, 0.2 mL of the test solution was filtered through a 0.22 μm membrane and passed through a chromatography column (250 x 4.6 mm; particle size: 0.5 μm) at an absorbance wavelength of 445 nm.




2.6 RNA extraction and cDNA synthesis

The dorsal skin samples (n = 3 per group) were subjected to total RNA extraction using the Animal Total RNA Isolation Kit (Foregene, China). The quality and quantity of RNA were assessed using a Nanodrop ND-1000 spectrophotometer (LabTech, USA). Reverse transcription of RNA (1μL/sample) into cDNA was performed using the PrimeScript™ Reagent Kit (Takara, Japan) for real-time PCR analysis.




2.7 Genes expression analysis using real-time PCR

The expression of genes was analyzed using the TB Green Premix Ex Taq™ II Kit (Takara, Japan) with a QuantStudio 1 system (Thermo Fisher, USA). A total of 24 pigmentation-related genes were selected to detect changes in their expression after treatment with L-thyroxine. The primer sequences for these genes were designed based on the genomic data of S. taeniatus using Primer Premier 5 (Supplementary Table A.1). Gene expression levels were determined using the 2-ΔΔCt method (Schmittgen and Livak, 2008), with β-actin serving as the reference gene.




2.8 Statistical analysis

The statistical analysis was conducted using SPSS version 25.0 (SPSS Inc., Chicago, IL, USA). Mean values were compared using a one-way analysis of variance (ANOVA), followed by the LSD post-hoc test. Statistical significance was set at P < 0.05.





3 Results



3.1 High levels of thyroid hormone reduced melanophore density

After 30 days of treatment with TH, no larvae in any of the groups perished. The larvae’s skin color lightened with increasing TH concentrations, particularly in the 20 nM group. However, larvae in the 40 nM and 80 nM groups exhibited darker skin, with the 80 nM group showing larger melanophores (Figure 1). The density of melanophores on the skin significantly decreased after TH treatment, except in the 1 nM group. In the 40 nM and 80 nM groups, melanophore density was higher than in the 10 nM and 20 nM groups but lower than in the control group (Figure 2).




Figure 1 | Effect of thyroid hormone on body color of Sinibrama taeniatus larvae. (A) control group; (B) 1 nM group; (C) 10 nM group; (D) 20 nM group; (E) 40 nM group; (F) 80 nM group. The black arrow indicates melanophore. The scale in the figure represents 0.5 mm.






Figure 2 | Effects of thyroid hormone on melanophores of Sinibrama taeniatus larvae. Significant differences among developmental stages are indicated by different letters above the error bars.






3.2 Thyroid hormone affected pigment synthesis of three types of chromatophores

The levels of melanin, pteridine, β-carotenoid, and guanine in the dorsal skin of larvae were measured after TH treatment. Melanin content produced by melanophores significantly increased with higher TH concentrations (P < 0.01), peaking in the 40 nM group (Figure 3A). Pteridine content slightly decreased in the 20 nM and 40 nM groups (P < 0.05) (Figure 3B). β-carotenoid content significantly decreased in all treatment groups compared to the control group (P < 0.01) (Figure 3C). Guanine content produced by iridophores significantly increased compared to the control group (P < 0.01), with the highest level observed in the 40 nM group (Figure 3D).




Figure 3 | Effects of thyroid hormone on pigment content of Sinibrama taeniatus larvae. (A) the content of melanin after treatment with thyroid hormone; (B) the content of pteridine after treatment with thyroid hormone; (C) the content of β-carotene after treatment with thyroid hormone; (D) the content of guanine after treatment with thyroid hormone. Significant differences among developmental stages are indicated by different letters above the error bars.






3.3 Thyroid hormone-induced expression changes of genes involved in melanin-based pigmentation

For Wnt/β-Catenin signaling pathway, the expression of wnt5b, wnt10b, ctnnb1, plcb4, nfatc2, and gsk3b was detected. Ctnnb1 exhibited the lowest expression in the 20 nM group and highest in the 80 nM group, while wnt10b showed the opposite trend wnt10b. The expression of plcb4 significantly decreased with increasing concentration of TH (P < 0.01). Nfatc2, gsk3b, and wnt5b exhibited dynamic expression changes, while prkaca was significantly downregulated with increasing concentration of TH (P < 0.01). For thyroid hormone signaling pathway, the expression levels of myc and gnaq increased along with increasing concentration of TH. For PI3K−Akt signaling pathway, the expression level of akt2 decreased in the 1 nM group, then increased along with increasing concentration of TH, especially in the 80 nM group. Adcy3 which is enriched in the cAMP−PKA pathway, had the highest expression in the 80 nM group, while lower expression levels were observed in the 1 nM and 20 nM group (Figure 4).




Figure 4 | Thyroid hormone modified the expression levels of genes involved in melanin-based pigmentation. Significant differences among developmental stages are indicated by different letters above the error bars.



After TH treatment, the expression levels of 16 genes involved in melanin-based pigmentation were assessed. The key gene tyr, which is crucial in the tyrosine metabolic pathway, was significantly downregulated in the 20 nM group but upregulated in the 40 nM and 80 nM groups (P < 0.01). Similarly, the other two genes in the tyrosine metabolic pathway, tyrp1 and dct, were downregulated in the 1 nM group but upregulated with increasing TH concentration (P < 0.01). Ccnd1 and mitf, both associated with melanogenesis, exhibited different expression differing trends following TH treatment. Ccnd1 expression significantly increased in the 10 nM and 40 nM groups but decreased in the 1 nM, 20 nM, and 80 nM groups (P < 0.01). Mitf expression was downregulated in the 1 nM, 10 nM, and 40 nM groups (P < 0.01).

For the Wnt/β-Catenin signaling pathway, the expression of wnt5b, wnt10b, ctnnb1, plcb4, nfatc2, and gsk3b was measured. Ctnnb1 had the lowest expression in the 20 nM group and the highest in the 80 nM group, while wnt10b showed the opposite trend. Plcb4 expression significantly decreased with increasing TH concentration (P < 0.01). Nfatc2, gsk3b, and wnt5b displayed dynamic expression changes, while prkaca was significantly downregulated with increasing TH concentration (P < 0.01).

In the thyroid hormone signaling pathway, myc and gnaq expression levels increased with higher TH concentrations. For the PI3K-Akt signaling pathway, akt2 expression decreased in the 1 nM group and then increased with higher TH concentrations, especially in the 80 nM group. Adcy3, which is prominent in the cAMP-PKA pathway, had the highest expression in the 80 nM group and lower expression in the 1 nM and 20 nM groups (Figure 4).




3.4 Thyroid hormone-induced expression changes of genes involved in non-melanin-based pigmentation

Eight genes involved in non-melanin-based pigmentation were examined for their expression levels after TH treatment. For genes related to pteridine biosynthesis, pkm, xdh, and urah were all upregulated in the 20 nM group (P < 0.01). Bco1, associated with β-carotenoid absorption, also exhibited the highest expression level in the 20 nM group (P < 0.01), with no significant changes observed among the 1 nM, 40 nM, 80 nM, and control groups (Figure 5A).




Figure 5 | Thyroid hormone modified the expression levels of genes involved in non-melanin-based pigmentation. (A) the expression levels of xanthophores-related genes; (B) the expression levels of iridophores-related genes. Significant differences among developmental stages are indicated by different letters above the error bars.



Ltk, pnp4a, mpv17, and sox5 are key genes in guanine biosynthesis. Ltk expression significantly decreased in the 1 nM group (P < 0.01) and then significantly increased in the 10 nM and 20 nM groups (P < 0.05). Pnp4a was significantly upregulated in the 20 nM and 40 nM groups (P < 0.05), with no notable differences in the other groups. Mpv17 had the highest expression in the 20 nM group and the lowest in the 1 nM and 80 nM groups (P < 0.01). Sox5 expression significantly increased only in the 80 nM group (P < 0.01) (Figure 5B).





4 Discussion



4.1 Roles of endocrine hormones in fish pigmentation

Fish pigmentation is determined by genetic factors but is also influenced by hormones, diet, and environmental conditions (Luo et al., 2021). Extensive research on the genetic basis of pigmentation has enhanced our understanding of the molecular mechanisms underlying color and pattern formation (Du et al., 2019; Kon et al., 2020; Li et al., 2023; Wang et al., 2021b). Increasing evidence indicates that endocrine hormones, such as Mch (Madelaine et al., 2020), Msh (Kobayashi et al., 2012), Agouti-signalling protein 1 (Asip1) (Guillot et al., 2012), somatolactin (Fukamachi et al., 2004), melatonin (Sköld et al., 2008), and TH (McMenamin et al., 2014), play crucial roles in fish pigmentation. However, the regulatory mechanisms by which these hormones influence fish pigmentation remain unclear.

TH is a key hormone regulating the morphological and physiological changes that occur during metamorphosis in teleosts (Campinho, 2019). It is essential for color formation from the larval to juvenile stages, with its levels showing dynamic changes during this process (Prazdnikov and Shkil, 2023). TH can independently regulate different types of chromatophores in fish (Salis et al., 2021; Saunders et al., 2019). For instance, in Danio rerio and Danio albolineatus, TH affects the number of melanophores and xanthophores (McMenamin et al., 2014), while in Amphiprion ocellaris, TH acts only on iridophores (Salis et al., 2021). Interestingly, our research found that TH affects the pigment synthesis of melanophores, xanthophores, and iridophores in S. taeniatus, suggesting that TH can regulate all three types of chromatophores in this species, differing from previously reported fish species. This indicates that the influence of TH varies among chromatophores and shows species-specific differences in teleosts. In aquaculture, fishmeal-based diets often contain thyroxin, and dietary lipid and protein content can affect endogenous endocrine levels, including THs (Brown et al., 2014; Burel et al., 2001; Feist and Schreck, 1990). The goal of aquaculture management is to optimize the performance of aquatic animals under artificial conditions. We believe that exogenous THs hold promise for application in aquaculture to promote development, growth, reproduction, and body color modification in fish.




4.2 Effects of thyroid hormone on melanin-based pigmentation

Melanophores are recognized as the primary regulator of pigmentation in vertebrates (Ligon and McCartney, 2016). In our study, the density of melanophores in S. taeniatus significantly decreased after TH treatment, consistent with findings in zebrafish (Guillot et al., 2016). However, we found that the fish exhibited more heavily melanized skin under high TH concentrations compared to the control group. In zebrafish, single-cell RNA sequencing reveals that TH drives the terminal differentiation of melanophores, increasing their melanization (Saunders et al., 2019). In S. taeniatus, melanin content significantly increased after TH treatment. Hence, we speculate that TH promotes melanophores into a terminally differentiated state and stimulates their melanization, though further observation of cell status is needed.

The mechanisms of melanin-based pigmentation are rather complex since a series of genes are involved in these processes. To further explore the role of TH in melanogenesis, we examined expression levels of relevant under different hormonal regimes. After TH treatment in S. taeniatus, the highest and lowest expression levels of ctnnb1 and adcy3 were observed in the 80 nM and 20 nM groups, respectively, while wnt10b showed the reverse pattern. These expression changes suggest that ctnnb1, wnt10b, and adcy3 are key genes responsive to TH in S. taeniatus. Ctnnb1 and wnt10b are enriched in the Wnt/β-Catenin signaling pathway, and adcy3 belongs to the cAMP-PKA signaling pathway (Yuan et al., 2023). Ctnnb1 (encoding β-catenin) is needed for melanocyte differentiation and melanin synthesis (Bellei et al., 2011). Adcy3 plays a crucial role in mediating cAMP-PKA signaling for regulating melanin synthesis and melanosome dispersion (Zhang et al., 2022). Adcys are the enzymes responsible for converting ATP to cAMP (Devasani and Yao, 2022), and β-catenin is phosphorylated and stabilized by cAMP (Hino et al., 2005). This may explain the similar expression trends of ctnnb1 and adcy3 in the 20 nM and 80 nM groups after TH treatment. Mitf, a master transcriptional regulator, is crucial for melanophor development, differentiation and melanin synthesis (Liu and Fisher, 2010; Vachtenheim and Borovanský, 2010). In this study, after TH treatment, mitf expression significantly decreased in the 1 nM, 10 nM, and 40 nM groups, with no obvious change between the 20 nM, 80 nM, and control groups. Mitf regulates a series of melanogenic genes, including tyr, trp-1, and dct, which encode melanosome enzymes to regulate melanin synthesis (Costin et al., 2005; Fang et al., 2002; Lim et al., 2021; Park et al., 2018). After TH treatment, the expression levels of tyr, trp-1, and dct exhibited dynamic transcriptional changes that did not, align observed phenotypic or melanin content changes in S. taeniatus. The cAMP-PKA and Wnt/β-catenin pathways are upstream regulators of Mitf (Nguyen and Fisher, 2019; Syed et al., 2011). Therefore, we speculate that TH may not primarily act on mitf and its downstream genes but rather affect its upstream regulators in S. taeniatus.




4.3 Effects of thyroid hormone on non-melanin-based pigmentation

Apart from melanophores, other types of chromatophores also play critical roles in fish pigmentation. In zebrafish, TH not only limits the expansion of melanophore populations but also increases the number of xanthophores and enhances visibility of unstained xanthophores by promoting the accumulation of pteridine (McMenamin et al., 2014). Pteridines and carotenoids are the chromogenic substances of xanthophores, with carotenoids obtained from the diet. Xdh is a dehydrogenase involved in pteridine pigment synthesis in fish (Ziegler et al., 2000) and is essential for xanthophore development (Parichy et al., 2000). In this study, the content of pteridines and the expression level of xdh significantly increased after TH treatment, suggesting that TH can regulate xdh expression to alter pteridine synthesis in S. taeniatus. Bco1, a carotenoid metabolizing enzyme, converts a limited number of provitamin A carotenoids to retinaldehyde (Palczewski et al., 2016). The expression level of bco1 significantly increased in the 20 nM group, which corresponds to the decline in carotenoid content with rising TH concentration.

Recent research found that TH also affects the development of iridophores, delaying white bar formation, but does not influence melanophores and xanthophores in Amphiprion percula (Salis et al., 2021). In this study, we found that TH also impacts iridophores in S. taeniatus. The content of guanine, a chromogenic substance in iridophores, significantly increased with rising TH concentration, indicating that TH promotes guanine synthesis. Genes involved in guanine synthesis, such as ltk, pnp4a, and mpv17, exhibited higher expression levels after TH treatment, especially in the 20 nM group. This suggests that TH may regulate these genes to control guanine synthesis. Sox5 is crucial for the fate specification of melanocytes, iridophores, and xanthophores in zebrafish, while it affects xanthophore/leucophore progenitors in medaka (Nagao et al., 2018). In this study, the expression level of sox5 sharply increased in the 80 nM group. We speculate that sox5 may simultaneously influence all types of chromatophores, but the detailed mechanisms require further research.





5 Conclusion

In this study, low-concentration TH at 20 nM induced lighter skin pigmentation, while high-concentration of TH at 40 nM and 80 nM resulted in darker skin pigmentation in S. taeniatus. Additionally, we observed that TH affects both melanin-based and non-melanin-based pigmentation in S. taeniatus by regulating the pigment content synthesized by three types of chromatophores. Specifically, TH promoted the accumulation of pigments synthesized by melanophores and iridophores while inhibiting pteridines content produced by xanthophores. Additionally, we examined the effect of TH on the expression levels of genes involved in both melanin-based and non-melanin-based pigmentation, providing valuable insights into the regulatory network of TH on fish pigmentation. Overall, TH regulates pigment synthesis across all three types of chromatophores in S. taeniatus. However, the mechanism by which these chromatophores respond asymmetrically to TH remains unclear and warrants further research.
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