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ABSTRACT 
 

Aquaculture is the most rapidly expanding field of food production and is critical to the global food security. The industry however, has 

challenges such as disease outbreaks, environmental stressors, feed dependency and the impacts of climate change, even though the 

industry has potential. These problems require multidisciplinary and integrated measures. This article summarizes the current research 

on the functions of nutrition, disease control, and genomics of aquaculture. It highlights the relationships between the newest feeding 

technologies, the technological advances, and the preventive medical care. The combination of these areas will result in a synergistic 

framework that enhances environmental sustainability, resilience, and productivity. Genomics, nutrition, and disease management are 

three fields that can enhance aquaculture in a holistic manner. To address the needs of expanding human population, such integration 

enhances the efficiency of production, minimizes environmental effects and ensures a sustainable supply of healthy and wholesome sea 

food. 
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Introduction 
Aquaculture is essential in providing food security throughout the world by 

providing a sustainable supply of protein and essential nutrients to a rapidly 

growing population. Aquaculture has become the fastest growing sector of 
food production and the impacts of climate change [1]. It also supplies high-

quality omega-3 fatty acids, vitamins and minerals in fish, shellfish, and 

seaweeds, ensuring a year-round supply of affordable seafoods, reducing 
dependence on wild fish populations, and contributing to dietary variety. It 

also boosts the livelihoods of rural populations, generates jobs, and 

increases the resilience of the food system through domestic production and 
decreases the dependence on imports because of aquaculture. Well 

managed, aquaculture helps in poverty reduction, long term food security in 

the world in addition to responding to the growing demand of healthy food 
[2]. Despite its potential and rapid growth, aquaculture is confronted by 

some alarming factors that may endanger its sustainability and ability to 

contribute to global food security. The common occurrence of diseases due 
to bacteria, viruses, parasites, and fungi is one of the most significant 

concerns because it can cause enormous loss by directly or indirectly affect 

aquatic life [3]. Another question is the sustainability of food because the 
industry depends on fishmeal and fish oil as the primary ingredients, which 

puts significant pressure on marine resources also demands the development 
of less harmful and cheaper alternatives. Other environmental effects, 

including habitat degradation, nutrient overloading, and water pollution are 

also matters of concern as far as the ecological footprint of intensive 
aquaculture practice is concerned. Subsequently, the introduction of non-

native species and excessive dependence on selective breeding are also 

associated with adverse effects of endangering the population of the wild 
species and the emergence of genetic and biodiversity challenges [4] 

Climate change further complicates production, as the current water 

temperatures vary, the rate at which the ocean is acidifying increases, and 
the frequency of extreme weather patterns also increases. [5]. In addition, 

antibiotic resistance has also increased due to antibiotics overdose, which 

has been threatening to human health and aquaculture.  
Finally, lack of proper regulatory framework, economic limitations, and 

access to modern technologies are some of the factors that undermine 

development of robust and sustainable aquaculture systems in developing 
regions. In order to manage these issues, there is an urgent need to follow 

an integrative method by incorporating genomics, nutrition, and disease 

management to enhance the sustainability of the sector. Genomic 
technologies are specifically powerful tools to identify and select heritable 

characteristics related to better feed efficiency, faster growth rate, and 

increased disease resistance. Genomics ensures the maximization of the 
feed conversion ratios and the general performance of the cultured species 

by allowing genetic enhancement. Thereby lowering production costs and 

enhancing economic viability [6]. 

Genomics in Aquaculture 
A new framework for such advancements can be created by combining 

genomics tools with traditional aquaculture and fisheries management 

techniques. The structure, function, and evolution of genomes are the 
subjects of the scientific discipline of genomics. Even though they are not 

directly related to it, a large number of recent DNA and RNA-based 

investigations fall under this category [7]. It includes environmental, 
functional, and comparative genomics. Whole genomes, their gene content, 

gene order, structure, evolution, and taxonomy are all examined in 

comparative genomics. 
The acquisition of several large genome sequence fragments and their 

assembly into complete chromosomal sequences have been one of the 

primary endeavors in genomics. Studying the expression of thousands of 
genes by methods like microarrays or other high throughput expression 

RNA profiling (transcriptomics) has been another objective. It is frequently 

necessary to employ specialized computerized techniques, or 
"bioinformatics," in order to analyze the vast amounts of data produced by 

such technologies. Understanding genomics provides fresh insights on the 

biotechnology of marine creatures, which has consequences for aquaculture 
and fisheries. Zinc-finger nucleases (ZFNs), transcription activator like 

effector nucleases (TALENs), and other genome-editing technologies have 
been created recently [8] and more recently, CRISPR-associated nucleases 

9 (Cas9) and clustered regularly interspaced short palindromic repeats 

(CRISPR), which have enabled the editing of genes or the removal of 
undesirable portions of them in a variety of animal models. Even for 

organisms where genome editing would be difficult, the CRISPR-Cas9 

system has emerged as a new, superior genome engineering tool [9]. As an 
illustration, CRISPR-Cas 9 offers a unique strategy for RNA-guided 

immunization against RNA viruses in vertebrates by creating interference 

against RNA viruses in fish. In a number of respects, genetics presents novel 
and fascinating opportunities for conservation genetics. First, for the 

majority of species, there will be more neutral genetic markers available. 

Estimates of the consequences of demographic processes, including 
population reductions and bottlenecks, effective population sizes, and the 

distinction between wild and farmed individuals, will probably be improved 

[10]. Increased statistical power may also be the outcome, allowing for the 
assignment of people of unknown origin to known baseline populations and 

the detection of minute levels of population structuring, as in mixed stock 

analysis. Furthermore, the discovery of outlier loci in genome scans opens 
up new avenues for the discovery of informative markers that are 

appropriate for the particular query posed in each management scenario. 

Finding the genetic underpinnings of local adaptation is another, and highly 
promising, use of genomics in conservation [11]. This information will 

significantly enhance our capacity to control genetic diversity in natural 

populations, as we know very little about it in the majority of fish and 
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shellfish species. Since closely related species can occasionally share 
genomic resources, many fish and shellfish species will essentially become 

"genome enabled" in the upcoming years, making it easier to investigate the 

genetic underpinnings of local adaptation. 
Nutrition and Feed Innovations 

This category forms a cornerstone of modern aquaculture, aiming to 

enhance growth performance, improve fish health, and ensure 
sustainability. Fishmeal and fish oil have long been major components of 

aquaculture feeds, but the growing expenses and environmental strain on 

marine resources have prompted a search for other sources of protein and 
fat. Reliance on limited marine resources is being lessened by the growing 

acceptance of plant-based ingredients, insect meals, and microbial proteins 

as workable alternatives. In addition to these substitutes, the creation of 
functional feeds enhanced with immunostimulants, probiotics, prebiotics, 

and nutraceuticals have demonstrated great promise in enhancing stress 

tolerance, disease resistance, and immunity in cultured animals [12]. This 
area is further strengthened by developing the field of nutritional research, 

which investigates how diet affects gene expression and allows for precision 

feeding techniques catered to the nutritional needs of particular species. 
Collectively, these innovations encourage both affordable and sustainable 

production, as well as healthy and stronger aquaculture systems that can 

sustain in line with the increasing global demand of safe and nutritious 

seafood. In the aquaculture industry, infectious illnesses result in significant 

financial losses. It is difficult to quantify the precise amount with high 

accuracy; for instance, the shrimp industry alone is projected to lose 
between USD 3 and USD 5 billion per year due to viral illnesses worldwide 

[13]. According to predictions, the unprecedented consequences of 

changing ecosystems will make disease outbreaks' effects on the 
aquaculture industry more severe. By changing the behavior of pathogens, 

hosts, disease vectors, transmission rates, or the distribution of competitors, 

predators, parasites within ecosystems, and climate change appears to have 
the potential to worsen the effects of illnesses on animal health. For 

example, high water temperatures can hasten the growth of highly 

contagious bacteria, which could result in disease epidemics with serious 
economic consequences. So, in aquaculture, effective disease control is 

essential along with practices of sanitation. Sanitation involves cleaning to 

prevent germ spread, while quarantine is essential for pathogen-free farms 
[14]. 

Sustainability and Future Perspectives 

Aquaculture aims at achieving a balance between the rapid growth of the 
industry and long-term food security, economic stability as well as 

environmental sustainability. Sustainable practices aim at reducing reliance 

on fishmeal and fish oil by relying on such substitute feed ingredients as 
plant proteins, insect meals, and microbial sources, which also create less 

pressure on wild fish stocks [15]. Moreover, environmentally friendly 

technologies are used to reduce waste, save water and maximize the 
efficiency of production due to the use of integrated multi-trophic 

aquaculture (IMTA), recirculating aquaculture systems (RAS), and 

precision farming enabled by internet of things and artificial intelligence. 
Although nutrigenomics will enhance the feeding habits to achieve better 

health and performance, the advancement in genome [16] Selective 
breeding is important in developing strong species capable to live and 

surviving in changed environment and also withstanding in severe illnesses 

[17]. Meanwhile, in order to save the ecosystem, stronger and biosecurity 
measures can be adopted by decreasing the use of antibiotics. 

Conclusion 

The aquaculture business can overcome a number of obstacles with the help 

of exciting new technologies. Aquaculture can benefit from different 

genome editing tools for genetic enhancements, disease resistance, and 
disease control since it can swiftly introduce substantial genome 

modifications. The field of aquaculture genetics, genomics, and breeding 

has advanced significantly in a short time, yet there are still fascinating and 
new difficulties to overcome. Furthermore, effective disease control is 

critical for maintaining healthy animals and optimizing outputs. Key 

strategies include biosecurity measures, sanitation, quarantine, and 
chemical treatments, alongside therapeutic approaches like probiotics and 

vaccines. The above discussed areas should be given priority in order to 

continue growing and fortifying the aquaculture sector, taking into account 
the current state of breeding, genetics, and genomics research as well as 

industrial demands. 
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