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Abstract:

Diseases caused by viral and bacterial pathogens represent major challenges to
global aquaculture, threatening productivity and sustainability. Conventional
disease management strategies such as vaccines and antibiotics have limitations
including specificity and resistance development. Molecular biotechnology
offers revolutionary tools to enhance disease resistance in aquatic animals
through genomic selection, gene editing, and molecular immunomodulation.
This review comprehensively examines the application of molecular
biotechnology in improving immune defenses against viral and bacterial
infections in aquaculture species. Key technologies including omics,
CRISPR/Cas systems, antimicrobial peptides, and RNA interference are
discussed. Immunological mechanisms of aquatic species, advances in selective
breeding, and emerging precision aquaculture approaches are reviewed.
Challenges and future perspectives are highlighted to provide a roadmap for

sustainable aquaculture disease management using molecular biotechnology.
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4, Antimicrobial peptides =AMPs
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3. RNA interference = RNAI
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5. RNA-seq
¢, Pattern Recognition Receptors =PRRs
7, Cytokines
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12, Nucleotide-binding oligomerization domain-like receptors
=NLRs
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16" Extracellular Matrix =ECM

7. Vibriosis

8 . Expression Quantitative Trait Loci = eQTL
% . Genome-Wide Association Studies =GWAS
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23, Cathelicidin

26 Flavobacterium columnare

27 Nervous Necrosis Virus =NNV
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