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Given the difficulty in identifying individuals with different degrees of ovarian development, we developed a new device utilizing the hypothesis of mutual attraction behavior between male and female crabs with mature gonads by releasing the sexual pheromone so they could be examined. From a total of 40 female crabs, 10 were isolated within half an hour. Histological analysis showed that the ovaries of crabs in the isolated group were in stage IV, while those of the control groups were in stage III. In addition, progesterone (PROG) in experimental groups was significantly reduced compared with the control group (p < 0.05), but no significant difference was detected in estradiol (E2). In response to the different developmental stages, hemolymph biochemical indices and the determination of gonadal fatty acids profiles were explored. The results indicated only C18:4 showed a significant difference between these two groups. A transcriptome was generated to determine the genes involved in the mutual attraction process; differentially expressed genes (DEGs) were significantly related to gonadal development. Therefore, the device can be used to isolate Chinese mitten crabs with stage IV ovarian development.
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INTRODUCTION
“Fall in love at first sight” is an aesthetic idea that suggests the occurrence of strong attraction between two parties at first sight (Lu et al., 2020). As a saying goes, beauty is in the eye of the beholder, and they attract and approach each other constantly (Harrison & Shortall, 2011). This is due to the sexual pheromones secreted by men and women with mature gonads, which are transmitted through sensory organs to the nerve center to induce sexual motivation (Grammer et al., 2005), whose behavioral manifestations are closed to each other. Pheromones are substances released into the environment by animals and can trigger specific chemical reactions among different individuals of the same species, which is of great significance to maintaining the reproduction of a population (Wyatt, 2010). Crustaceans also generate different pheromones in addition to their own growth- and reproduction-related hormones, attracting the opposite sex during the breeding season (Shimomura et al., 2010), which is similar to the idea of falling in love at first sight in humans.
The Chinese mitten crab (Eriocheir sinensis), commonly known as the river crab, is the main aquaculture species of important economic value in China. Given the special flavors and high nutritional value of their gonads, female Chinese mitten crabs are popular with consumers (Shao et al., 2013; Wang et al., 2016). The status of gonadal development in Chinese mitten crabs directly impacts the overall perceived edible quality of the final product and market price (Shao et al., 2014). Morphological characteristics are the most intuitive way to evaluate the growing status of the Chinese mitten crab, where high value often indicates their reproductive performance (Barry, 2010), but the relationship between ovarian development state and morphology has not been definitively concluded. We have no way to intuitively judge the status of ovarian development by the specifications of crabs. Due to the cost and error involved in the manual selection of crabs, how we estimate the status of gonadal development accurately has become an urgent problem to be solved.
Hormones have also played a key role in ovarian development through progressive activation of the hypothalamic-pituitary-gonadal axis (Wierman, 2007; Ye et al., 2008). Estradiol and progesterone play a key role in the expression of receptive lordosis behavior in the nervous system in female mice, which contribution to female motivation to seek out male pheromones requires further study (McCarthy et al., 2018). However, studies have shown that estradiol, perhaps with the help of progesterone, was asked to trigger a preference for the male pheromone, and they are potent sexual communication signals that induce attractive behavior in potential mates in brown mice and house mice (Varner et al., 2018). Hence, estradiol and progesterone act as sex pheromones to a certain extent, which indicates that sex pheromones can indirectly reflect the ovarian developmental state. In many animal species, mature individuals that are ready to mate release chemical signals (sex pheromones) that are detected and used by other individuals to identify potential mates (Yambe et al., 1999). Pheromones are randomly released into the water through urine. In crabs, signal delivery is often aided by self-generated fanning currents that flush chemicals towards receivers, which themselves might actively pull water towards their sensory structures (Thiel & Breithaupt, 2011). The pheromone is detected by crabs using specific chemical sensors (aesthetasc sensilla) on the antennules (Kamio et al., 2005). This signal may act in a short time to stimulate courtship behavior in the opposite sex (Kamio et al., 2014). Mature individuals are attracted to water scented with substances originating from the opposite sex of the same species about a meter or so away. Previous investigations have verified that the crabs of the opposite sex will generate sexual motivation via pheromones (Herborg et al., 2006; Wyatt, 2015) and show varying sensitivity to pheromones at different stages of reproduction. Therefore, we hypothesized that the status of gonadal development can be estimated by this behavior.
Based primarily on the above theory, we designed a device to isolate Chinese mitten crabs with higher gonadal development, and isolated and unisolated crabs were collected by this device to investigate differences in hemolymph biochemical indices and reproductive performance of Chinese mitten crab with unsynchronized ovarian development. The isolation effect of the device used to identify the ovarian development degree of Chinese mitten crabs was evaluated, and the metabolic regulation mechanism and related gene expression differences of the non-synchronous development of ovaries in the Chinese mitten crab population were revealed, which provided basic data and a reference basis for the breeding of the Chinese mitten crab.
MATERIALS AND METHODS
Crab Management
A total of 40 female and 20 male randomly sized Chinese mitten crabs with complete appendages and good vitality were selected from Jiangsu Haorun in October, 2020; they were kept for 1 week and fed with chilled fish and corn daily. Crab handling and experimental procedures were carried out in accordance with the guidelines for the care and use of animals for scientific purposes set by the Institutional Animal Care and Use Committee of the Freshwater Fisheries Research Center and approved by the animal ethics committee of the Chinese Academy of Fishery Sciences.
Developed Device Description
We developed a polygon device comprising a discriminating area, a transparent cover plate located at the top of the area, and an external mechanical aerating device (Figure 1A,B). The whole device is shaped like a polygon maze consisting of four concentric loops and a central zone separated by screening plates and side plates. The center zone is the area where the male crabs gathered, and the width of four concentric loops increases following the Fibonacci sequence from the outside to the inside (Figure 1C). The screening plates are not sealed to the baseboard to facilitate easy drainage and suction, and some pheromones dissolved in water can be diffused to the periphery with gradient descent (Figure 1D). Meanwhile, the screening plates have unilateral gates that effectively prevent crabs from returning to the outer loops and air holes by which the male crab pheromone can spread from the male crab zone to the periphery (Figure 1E). Otherwise, a growing number of air holes increases the pheromone concentration from the outside to the inside, thus being more attractive to the females. Unilateral gates are distributed asymmetrically, the number of which decreases to increase cross-channel difficulty, and the side plate is fitted with side passages so crabs have to constantly traverse to find unilateral gates to get close to the opposite sex (Figure 1F).
[image: Figure 1]FIGURE 1 | Isolation device pattern drawing of Eriocheir sinensis with different ovarian developmental statues. (A) Device appearance drawing; (B) Structure drawing of cover plate; (C) Internal structure drawing of the device; (D) Distribution graph of screening plate; (E) Structure drawing of screening plate; (F) Distribution graph of side passages.
Firstly, in total 40 female Chinese mitten crabs were distributed randomly and equally in the outmost circular track and 10 male crabs were selected in the central male crab area. Then the transparent acrylic plate was covered and the monitoring device was activated; the unilateral gate on the primary screening plate was opened. The test site was free from any interference, and the test was controlled within half an hour. Isolated tests were repeated four times. The remaining females that were not accurately isolated were re-isolated, while the males in the central area were partially replaced. Before screening female crabs, we put some female crabs in the central male crab area and male crabs in the outmost circular track. The male crabs were initially screened, and the male crabs with mature gonads were screened for the female screening experiment.
Crab Sampling and Data Collection
Crabs were isolated as an experimental group by the designed device, and the control group was randomly chosen from the remaining crabs. The wet weight, body length, body width, and body height of the crabs were measured first, and then the hemolymph was exsanguinated from the base of the third walking limb of each crab. After incubation at 4°C for 24 h, the serum was obtained from the hemolymph by centrifugation at 4500 rpm and 4°C for 10 min and then stored at −80°C for further analysis. Gonads and hepatopancreas were dissected and weighed separately and then stored at −80°C until use. The GSI (gonadosomatic index) and HSI (hepatosomatic index) of the crabs were calculated using the following formulas:
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Biochemical Analysis
The hepatopancreas samples were carefully weighed to about 0.1 g and homogenized in a 900 ul 0.85% saline solution. The homogenate was centrifuged at 2500 rpm at 4°C for 10 min, and the upper lipid layer was discarded. The supernatant was carefully collected and used for amylase (AMS) activity determination. Malondialdehyde (MDA), superoxide Dismutase (SOD), acid phosphatase (ACP), alkaline phosphatase (AKP), and total antioxidant capacity (T-AOC) activities were determined in the serum. All indicators were carried out by the diagnostic reagent kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) according to the manufacturer’s instructions. Estradiol (E2) and progesterone (PROG) determinations in hemolymphs were carried out utilizing the enzyme immunoassay kits (ELISA) (Yuanye, Biotechnology Company, Shanghai, China).
Histological Analysis of the Ovary
The ovarian tissue samples fixed in Bouin’s solution for 24 h were further dehydrated, cleaned, and equilibrated using ethanol, toluene, and xylene, respectively, and then embedded in paraffin. After that, they were sectioned with a microtome at a thickness of 5 μm, stained with hematoxylin and eosin (HE), and then examined with a microscope.
Determination of Gonadal Fatty Acids
The total lipid of the gonadal tissue was extracted using chloroform-methanol-H2O (2:2:1,v/v/v). The fatty acids were methylated with 1 mol/L KOH-methanol and 0.5 mol/L sulfuric acid methanol solutions and then extracted with n-heptane. Fatty acids methyl esters were measured directly by GC-MS (Long & Antoniewicz, 2014) (Agilent 7890B-5977 A).
RNA Isolation, RNA-Seq Library Preparation, and Next-Generation Sequencing
Three sets of gonadal tissue each from the experimental group and control group were randomly selected. Total RNA was extracted from the tissues using Trizol (Invitrogen, Carlsbad, CA, United States) according to the manufacturer’s instructions, and genomic DNA was removed with DNase I (Takara). The quality of RNA was estimated by an Agilent 2100 Bioanalyzer (Agilent, Shanghai, China). Only high-quality RNA samples (OD260/280 range of 1.8–2.2, RIN≥8.0) were used to construct the sequencing library. The sequencing libraries were generated by the TruSeq RNA sample prep kit (Illumina) according to the manufacturer’s recommendation. Then, the library was sequenced using Illumina Hiseq (2000) and (100) bp single-end reads were obtained.
Transcriptome Assembly and Annotation
Before assembling, the raw reads obtained after sequencing were filtered to remove adaptor and low-quality sequences to obtain clean reads through a fastqc filter (Biomarker Technologies, Beijing). Then, the clean reads were assembled using the Trinity software (v2.0.6) (Vasani, N. (2019). The assembled transcriptomes were annotated using NCBI, NR, KEGG, Swissprot, and KOG databases (Ashburner et al., 2000).
Identification of Differentially Expressed Genes
The expression of genes was calculated using the FPKM (fragments per kb per million reads) method (Li & Dewey, 2011). |log2(FoldChange)| > 1.5 & p-value < 0.05 were set to be the hypergeometric distribution threshold for significantly different expression levels. All DEGs were conducted the GO functional and KEGG pathway enrichment analysis using the GO and KEGG databases.
Validation by Quantitative Real-Time PCR
Total RNA was extracted from gonads, and cDNA was obtained by reverse transcription conducted by PrimeScriptTM RT reagent Kit with gDNA Eraser (Takara) following the manufacturer’s protocol. We investigated the significant expression difference between two groups of genes selected based on related pathways by qPCR. Three candidate internal reference genes—beta actin, 18 S, and gapdh—were screened out to test for the stability of expression. The cDNA templates of two group’s samples were taken in equal quantities and diluted by five gradients successively after mixing; the concentrations were 1, 1/10, 1/100, 1/1 000, 1/10,000, and 1/100,000 times. qPCR was performed on the products, and each reaction was carried out in triplicate. The standard curve was drawn with the CT value as the ordinate and the logarithm of dilution multiple as the abscissa using Microsoft Excel 2010. We selected gapdh as the reference gene; it shows a good linear relationship between template concentration and CT value (R2 = 0.996). The relative expression levels of differential genes were calculated by the 2-∆∆CT method. Primers were designed using Primer Premier five software (Premier Biosoft, United States) on the basis of sequences obtained from the transcriptome result with the primers listed in Supplementary Table S1. The amplification program was performed as 95°Cfor 30 s followed by 95°Cfor 5 s and 60°C for 30 s (40 cycles).
Statistical Analysis
The data were presented as mean ± standard error (SE). Significant differences were established for all results using T-tests. The value of a statistical significance was regarded as p < 0.05. All statistical analyses were performed using the SPSS software package (version 26.0).
RESULTS
Isolation of Crab Females With Stage IV Ovaries by the Device
Some crabs were isolated by the device while some were not (Figure 2A,B). In this experiment, 10 crabs were isolated out of 40. Based on the previous study, ovarian stages were divided into five stages. In ovarian biopsies of crabs in the experimental group, the oocytes were squeezed into a honeycomb and accumulated a larger yolk (Figure 2C). In contrast, the oocytes were oval and the deposition size of yolk granules was smaller in the control group (Figure 2D). Ovaries of subjects in the experimental group were at stage IV, while those of the control groups were at stage III. The concentration of PROG in the experimental group was significantly reduced compared to the control group (p < 0.05), but no significant difference was detected in E2 (Figure 3I,J).
[image: Figure 2]FIGURE 2 | Physiological and biochemical index of Eriocheir sinensis in experimental and control group. (A) Acid phosphatase; (B) Alkaline phosphatase; (C) Serum amylase; (D) Malondialdehyde; (E) Superoxide dismutase; (F) Total antioxidant capacity; (G) Gonadosomatic index; (H) Hepatosomatic index; (I) Progesterone content in serum; (J) Estradiol content in serum.
[image: Figure 3]FIGURE 3 | Isolation result chart. (A) Test crabs screened out with device; (B) Test crabs not screened out with device; (C) Ovarian section in stage IV of test crabs screened out; (D) Ovarian section in stage III of test crabs not screened out.
Physiological and Biochemical Parameters and Fatty Acid Profiles in Response to Identified Ovaries of Different Developmental Stages Using This Device
There was no significant difference in AMS, T-AOC, SOD, ACP, AKP, and MDA between the isolated group and the control group (Figure 3A–F). Moreover, no significant differences in the HIS and GIS were detected between the two groups (Figure 3G,H).
Fatty acid compositions in the gonads of two groups are presented in Table 1. A total of 26 fatty acids were detected. In terms of individual fatty acids, only the stearic acid (C18:4) was significantly different between the groups (p < 0.05). In addition, no significant difference was detected in saturated fatty acids (SAF), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), and highly unsaturated fatty acids (HUFA).
TABLE 1 | Fatty acid composition in gonad of two groups.
[image: Table 1]Transcriptional Levels in Answer to Isolation
In total 40.18 GB of clean data were obtained after the sequencing quality control, and the percentage Q30 base of each sample was not less than 91.83%. Clean data were conducted through sequence alignment using the specified genome as a reference (https://www.ncbi.nlm.nih.gov/genome/?term=Eriocheir+sinensis), with the comparative efficiency ranging from 63.60 to 68.83% (Supplementary Table.S2). A total of 15,246 new genes were discovered by splicing mapped reads. The volcano plots present the distribution of the differentially expressed genes, according to the FDR≤ 0.001 and Log Fold change threshold (Figure 4A). A total of 388 differentially expressed genes (DEGs) were identified by differential expression analysis between two groups with 233 upregulated genes and 155 downregulated genes. A heatmap was plotted to illustrate the relative expression profiles of the DEGs in the two groups (Figure 4B). The trend of gene expression was different between the two groups, while the trend of gene expression was consistent between the groups.
[image: Figure 4]FIGURE 4 | RT-PCR analysis of DEGs. **means greatly significant differences (p < 0.01), *means significant differences (p < 0.05) and ns means no significant difference.
Functional annotation and enrichment analysis of differentially expressed genes were carried out. The Gene Ontology (GO) annotation system contains three main branches: biological process, molecular function, and cellular component. Within the biological process category, the proportion of functional classification of differentially expressed genes (DEGs) and all genes related to locomotion, the presynaptic process involved in chemical synaptic transmission, and growth showed significant differences. Moreover, the annotation genes were partially associated with reproduction, the reproductive process, and the multi-organism process but none of DEGs. In the cellular component category and molecular function category, the proportion of genes associated with the membrane-enclosed lumen and structural molecule activity showed notable differences between DEGs and all annotation genes (Figure 4C).
Enrichment analysis of the KEGG pathways of the differentially expressed genes showed the top 20 pathways with the lowest significant Q values. The number of differentially expressed genes enriched in herpes simplex virus one infection pathways was the largest followed by the starch and sucrose metabolism pathways. Furthermore, the glycerophospholipid metabolism pathway and neuroactive ligand-receptor interaction pathway enriched many differentially expressed genes (Figure 4D).
To validate the RNA-seq findings, we chose eight genes that were significantly different in the DEG analysis and performed RT-PCR: alkaline phosphatase (ALP), low-density lipoprotein receptor (LDLR), krueppel homolog 1 (Kr-h1), cytochrome P450 CYP2B (CYP2B), juvenile hormone esterase (JHE), c-type lectin (CTL), cytochrome P450 49a1 (CYP49A1), and anti-lipopolysaccharide factor 3 (ALF3). The RT-PCR results were similar to those of RNA-seq (Figure 5). Meanwhile, these DEGs are associated with gonadal development and related to each other, among which LDLR functions a key role in oocyte development showing the internal mechanism of isolation between different gonadal development in the two groups of crabs (Figure 6).
[image: Figure 5]FIGURE 5 |  Isolation behavior from internal mechanisms. (A) Realizing isolation by the female passing through the screening plate and moving closer to the male; (B) The internal mechanism by which female crabs approach male crabs; ALP: alkaline phosphatase; LDLR: low-density lipoprotein receptor; Kr-h1: krueppel homolog 1; CYP2B: cytochrome P450 CYP2B; JHE: juvenile hormone esterase; CTL: c-type lectin; CYP49A1: cytochrome P450 49a1; ALF3: anti-lipopolysaccharide factor 3; PLA2: Phospholipase A2. The solid line is promotion and the dashed line is inhibition.
[image: Figure 6]FIGURE 6 | (A) Volcano plot of DEGs; (B) Heat map summarizing DEGs identified from different sample; (C) GO functional classification of DEGs; (D) KEGG of annotated of DEGs.
DISCUSSION
Estimate of Gonadal Development Status by Sexual Motivation
Pheromones are special social chemical signals used for within-species communication, and they are used to reliably indicate the reproductive status of members of other social groups (Spencer et al., 2004), which prime for sexual motivation regulated by the nervous system (Schecklmann et al., 2015). Human pheromones are mainly derived from apocrine glands in the armpit and pudendal regions, which do not come into play until they are sexually mature (Grammer et al., 2005). Therefore, it is feasible to judge the gonad development state by sexual motivation.
Gonadal hormones play a key role in the sexual differentiation of the brain and behavior (Jennings & de Lecea, 2020). Men and women who are in love experience gonadal hormone changes (Seshadri, 2016; Sorokowski et al., 2019). The sequential rise in estrogen and progesterone promotes the production of sexual motivation through the brain and physiology (Wallen, 2001). Previous investigation has also indicated that estrogens such as estradiol (E2) and progesterone (PROG) are closely related to ovarian development (Merlin et al., 2015; Liu et al., 2018). The PROG concentrations in the hemolymph increase significantly in the early stage of ovarian development, reaching a maximum at stage III, and then decrease gradually in Chinese mitten crabs (Wu et al., 2014). In this investigation, the concentration of PROG in experimental groups was significantly reduced compared with the control group. The concentration of PROG shows a downward trend between stage III and stage IV, which is in line with the previous investigation.
Similarly, the concentration of E2 increases significantly in the early stage of ovarian development and drops later on (Pan et al., 2018). Nevertheless, no significant difference was detected in E2 in this investigation. The current findings suggest that there are transient hormonal changes when people fall in love (Marazziti & Canale, 2004). Scholars have found that the E2 concentration fluctuates during the estrus cycle in both vertebrates and invertebrates (Rota et al., 2007; Sharma et al., 2014; Singh et al., 2016). In this investigation, female crabs with mature gonads were isolated within half an hour through estrus by which female crabs are attracted to male crabs. Therefore, probably due to the presence of male crabs, estrus in female crabs causes an increase in E2. From another point of view, estradiol may act as a sex pheromone to induce a preference for the male pheromone in the Chinese mitten crab.
Temporal and Spatial Principles for the Device
The opposite sexes judge opposite sexual receptivity through sexual pheromone; they depend on the hypothalamus to further produce sexual motivation and complete reproductive activities. Some scholars have found that the hypothalamic-related receptors in rats changed with the time of pheromone exposure (Grigorjev & Munaro, 1999). Moreover, the gonadotropin-releasing hormone pulse generator has a refractory period to pheromone signals, which indicates exposed pheromones have certain timeliness (Murata et al., 2011). Therefore, in the present study, each isolation test is controlled within half an hour to ensure accuracy of the results.
The Fibonacci sequence has been found in many fields, including art, nature, and architecture. Diffusion, ubiquitous in life, proceeds faster than what is ordinary in the Fibonacci sequence (Boettcher & Gonçalves, 2008). In the present study, several channels whose widths increase following the Fibonacci sequence were set up with screening plates from the outside to the inside of the device, which probably promotes pheromone diffusion to accelerate the recognition of the opposite sex. Meanwhile, the increasing distance increases the difficulty of crossing to separate physically and physiologically improved individuals to some extent.
The Role of Fatty Acids in Gonadal Development
During ovarian development, nutrients are transported through the blood to the developing ovaries (He et al., 2014). The dietary regime has a great impact on ovarian development and reproductive performance, especially so for dietary lipid (Ribeiro et al., 2012), among which the ratio between n-3PUFA and n-6PUFA immensely impacts ovarian maturation. An appropriate proportion can promote ovarian development and improve fecundity to a certain extent. Sexual maturation is accompanied by the release of pheromones, which promotes the sex motivation of the opposite sex.
In the component analysis of fatty acids, the levels of stearic acid (C18:4) in the isolated group were significantly higher than that of the eliminated group, which indicates that ovaries probably had a high requirement for stearic acid at a later stage of ovarian development. It is known that stearic acid makes a difference to prostaglandin biosynthesis and metabolism (Ogborn et al., 2003). Meanwhile, studies have shown that prostaglandins are essential to reproductive maturation and ovulation (Fujimori et al., 2011). For instance, the number and the diameter of the oocytes were significantly increased by the addition of PGE2 and PGF2а into ovaries (Reddy et al., 2004). Furthermore, the level of PGE2 and PGF2а in the ovary and hemolymph of female shrimp fluctuated with the stage of ovarian development in penaeid shrimp (Prasertlux et al., 2011; Wimuttisuk et al., 2013). Therefore, significantly higher levels of stearic acid in the isolated group may be the ovulation of mature gonads. At present, there is no relevant research on stearic acid, whose function needs to be further explored.
Key Genes Related to Gonadal Development
The isolation of Chinese mitten crabs with mature gonads was based on the principle of pheromone to produce behavioral changes, whose biosynthesis depends on the regulation of neuropeptides (Torfs et al., 2001) demonstrated in pathway enrichment analysis. Furthermore, GO and KEGG enrichment analysis showed that numerous DEGs have a significant correlation with gonadal development. Anti-lipopolysaccharide factors have been proved to be able to induce the expression of various cytochrome P450s (Ashida et al., 2003). The synthesis of estrogens and oocyte development is dependent on the activity of cytochrome enzyme P450 aromatase, which is a terminal enzyme in the estrogen biosynthetic pathway (Conley & Hinshelwood, 2001; Wen et al., 2014). Previous investigations have shown that some 450 s participate in the biosynthesis and metabolism of the juvenile hormone (Zhou et al., 2006). In addition, the juvenile hormone can induce vitellogenin receptor (VgR) expression (Liu et al., 2019), which is a member of the low-density lipoprotein receptor (Lu et al., 2015). Vitellogenin (Vg) as the precursor of the major yolk protein vitellin (Vn) has a key role in oocyte development (Lee et al., 2008). Vg in hemolymphs was sequestered into the developing oocytes via endocytosis that vitellogenin receptor (VgR) mediates. Thus it can be seen that the developmental dyssynchrony and the effectiveness of the isolation were demonstrated from the perspective of genes isolated from crabs and unisolated crabs.
In the case of strong market demand, the fastest and most effective way to judge the gonadal development state is by the external characteristics and behavior of the individual. Studies have shown no correlation between external morphology and gonadal development state. However, members of the opposite sex with mature gonads secrete pheromones to encourage sexual motivation to facilitate proximity through nerve conduction, which can realize individual separation with varying degrees of gonadal development. The design of the separation device follows the time rule of the pheromone effect and the spatial principle of rapid propagation, which takes into account the rapid and effective transmission of pheromones. The relationship between sex hormones and gonadal development was further confirmed by the determination of sex hormones. DEGs showed potential differences in gonadal development between the two groups in terms of internal mechanisms. The effect of fatty acids on gonadal development was further explored by detecting the difference in gonad fatty acid composition, which provided a reference value for breeding Chinese mitten crabs of higher quality.
Overall, we used the device to realize the rapid isolation of Chinese mitten crabs with mature gonads. Whether from internal genes or external ovarian morphology and composition, ovarian development in the experimental group was higher than that in the control group and was nearly fully mature. Not only can this method facilitate the breeding of Chinese mitten crabs, but it also provides a model for the rapid determination of their commercial value. Environmental factors can regulate pheromone secretion (Wang et al., 2021), and the environmental conditions of the screening process need to be further investigated to speed up the isolation process.
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Value are present as means = SE, Means with different superscript in the same row are
significantly different (o < 0.05). YSFA, total saturated fatty acic; SMUFA, total
monounsaturated fatty acid; SPUFA, total polyunsaturated fatty acid; SHUFA, total

highly unsaturated fatty acid.
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