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Research Application and Challenges of High—throughput Sequencing Technology in
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Abstract: The global aquaculture industry faces significant challenges, including the degradation of germplasm resources, frequent
disease outbreaks, and the inefficiency of traditional breeding methods. These issues hinder the ability to meet the growing demand for
high-quality seedlings driven by the rapid development of the industry. High-throughput sequencing technology, characterized by its
capacity to rapidly generate vast amounts of genetic data, offers a transformative tool for elucidating the genetic mechanisms
underlying complex traits in aquatic organisms. This technology accelerates the selection and breeding of superior aquatic species. A
comprehensive examination of the innovative applications and existing challenges of high-throughput sequencing in aquaculture
breeding holds substantial theoretical and practical value. It contributes to overcoming the limitations of traditional breeding
approaches, enhancing aquaculture efficiency, and supporting the sustainable development of the aquaculture industry. The application
of high-throughput sequencing in aquaculture breeding has achieved multidimensional advancements. Technically, the integration of
high-accuracy short-read sequencing with the long-read sequencing advantage of extended fragment lengths has significantly enhanced
the quality of genomic assembly in aquatic species, enabling chromosome-level genomic construction. Single-molecule consensus
sequencing further addresses the accuracy limitations of long-read sequencing. At the application level, the development of SNP chips
and genome-wide association studies have successfully identified loci associated with economically important traits such as growth and

disease resistance, thereby improving selection accuracy. Whole-genome selection models transcend the constraints of traditional
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phenotypic selection by enabling precise estimation of breeding values and reducing the breeding cycle. Nevertheless, several
challenges persist: the polyploid nature and high repetitive sequence content of aquatic genomes complicate genome assembly;
phenotypic data are heavily influenced by environmental factors, increasing the cost of accurate measurement; non-model species often
lack high-quality reference genomes, which hampers SNP chip development and model construction; and data analysis algorithms lag
behind the rapid advancements in sequencing technology. High-throughput sequencing has become a cornerstone in the transition of
aquaculture breeding from traditional to molecular and precision-based approaches, yielding notable achievements in genomic analysis,
molecular marker development, and breeding efficiency enhancement. However, challenges related to genomic complexity and
technological implementation remain. Future efforts should focus on promoting the research and application of single-cell sequencing
technology, deepen the integration of epigenomics and multi-omics to analyze "environment-gene interactions", and build an intelligent

breeding decision-making system. These innovations will propel aquaculture breeding into a new era of precision and intelligence,

providing critical technical support for the sustainable development of the aquaculture industry.
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aquaculture genetic breeding
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