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Application of Proteomics in fish and Aquaculture studies

Abstract
          Given the rising average per capita consumption of animal protein in the form of fish, aquaculture is predicted to continue growing at a quicker rate than other significant food producing industries. The aquaculture industry has faced several obstacles to growing fish in a sustainable way as a result of its increasing significance. Through modifying proteins at the cellular level, aquatic systems—which are often intricate and multidimensional—can acquire distinctive adaptations and alterations to changes in their surroundings. Analysis of the molecular mechanisms underpinning biological activities in an aquatic environment can be accelerated using proteomics. In the past ten years, there has also been an increasing trend toward the use of these omics’ technologies in aquaculture. A fair assessment of both fundamental and advanced proteomics technologies, as well as their potential to address important aquaculture issues in the future, is given in this study. Proteomics methods, bioinformatic resources, and examples of their use in several fisheries domains pertaining to health, safety, and quality are discussed. Any fish or food product's proteome may be characterized using proteomics, which has the potential to be a very effective technology. According to a thorough assessment, this method allows for the examination of various fish characteristics and the identification of molecular markers for their wellbeing, which guarantees sustainable fish development and, consequently, the safety and quality of aqua food.
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1.Introduction
1.1 Aquaculture
Global food and nutritional security depend heavily on the fisheries and aquaculture industries. Aquaculture accounted for a substantial 87.5 million tonnes of the world's 178 million tons of aquatic animal output in 2020, according to FAO (2022). This means that almost half of the global aquaculture animal production, at 49%, is due to the aquaculture sector. Aquaculture's part of the economy has changed significantly throughout the years, from 4% in the 1950s to 5% in the 1970s, 20% in the 1990s, and 44% in the 2010s. Aquaculture is not only the fastest-growing food production system globally, but it has also become a key hope for our future food security, projected to grow at 14% by 2030 (FAO, 2022). The role of bivalves and molluscs in South Asian aquaculture is minimal, nearly non-existent. " Interestingly, Bangladesh and India are in the top ten countries in the world for fish production. India is the third-largest fish-producing country and the second-largest in aquaculture animal production globally, with a total production of 17.545 million tonnes in 2022-2023, including 4.432 million tonnes from marine sources and 13.113 million tonnes from inland fisheries (DOF, Government of India, 2023). The historical evolution of India's fishing industry demonstrates a notable transition from marine-dominated to inland fisheries, which currently account for a sizable portion of the nation's total fish production. Currently, inland fisheries account for 75% of India’s total fish production, and within this sector, there has been a notable shift from capture fisheries to aquaculture over the past two and a half decades. According to Jayasankar (2018), aquaculture made up 34% of inland fisheries in the mid-1980s, but it has since increased to around 65.1% (FAO, 2024).
1.2 Proteomics 
According to recent data, proteomics is being used in food science and technology. (Piras et al.,2016). It is an effective instrument that may help food scientists by offering insightful information on the contents of the raw materials and the quality of the product at various processing and storage phases. Recent breakthroughs in analytical proteomics have allowed for the study of proteomes and peptidomes from many species, which has helped to create protein databases that are available for gene ontology, protein identification, and phylogenetic comparisons using homology-driven methods. The last ten years have seen the emergence of the discipline of proteomics in aquaculture, which has helped the industry achieve its primary objective of increasing production scale while producing high-quality, sustainable products. Fish species exhibit proteomic alterations at different phases of life, which highlights the significance of signalling events throughout development in a rapidly changing environment. Fish proteome analysis may be useful in investigating proteomic alterations brought on by illness or other environmental variables such pollution, poisons, and temperature variations that may disrupt the body's regular metabolism (Tomanek, 2011). As the primary edible component, muscle development is influenced by a number of additional variables, including eating habits, osmoregulation, immunity, and general metabolism. All of these processes work together to impact fish health and, in turn, the quality of food obtained from fish. It is possible that a fish's healthy flesh results from regular physiological processes that include a variety of bodily cells and tissues (Johnston, Bower, & Macqueen, 2011). Proteomics-based molecular-level research can offer crucial hints regarding the signalling proteins and transcription factors that control fish development patterns. In several fields, proteomic techniques have been used to study disease causes, developmental biology, physiology, and the effects of stressors (Forne et al.,2010) and effects of dietary supplements on overall physiology of fish (Cerqueira et al,.2020; Ghaedi et al,.2016). Proteomics research on zebrafish and Xiphophorus species has demonstrated the function of phosphorylated Ezrin in gastrulation (Link, V. et al,2006) and peroxiredoxins in human melanoma (Lokaj, K. et al,2009). The quality of fish or items connected to fisheries may be evaluated using sensitive and specific indicators that proteomics can find and investigate (Pedreschi et al., 2010). The effect of pesticide mixtures and temperature has also been explored in goldfish (Carassius auratus), (Gandar, A. et al., 2017). The significance of fish proteome characterization in tackling fundamental biology to ecological, environmental, and food-related concerns is indicated by all of these discoveries. Mass spectrometry (MS)-based proteomic techniques are increasingly being utilized to decipher intricate biological issues that are frequently connected to other omics fields (e.g., transcriptomics, metabolomics, genomics). (Williams, E. G. et al., 2016; Chick, J. M. et al.,2016). Several animals, including humans and zebrafish, have proteome reference maps created by high-resolution mass spectrometry (Kim, M.S. et al.,2014; Kelkar, D.S. et al,2014). A recent publication of the Rohu genome reported a prediction of 26,400 protein-coding genes (Das, P. et al.,2020). However, proteomics studies in Rohu are rare, with most studies focusing on only a particular tissue in isolation (Goswami, M. et al.,2015; Banerjee, S. et al.,2017). Data repositories like Peptide Atlas (Deutsch, E. W et a.l,2008). PRIDE (Vizcaíno, J. A. et al., 2009). and Global Proteome Machine Database (Craig, R et al.2003). facilitate the effective organization of biomedical research studies based on MS. The Peptide Atlas project primarily offers a comprehensive compilation and accurate interpretation of the existing proteomics data based on mass spectrometry. As of right now, none of the publicly accessible proteome datasets adequately reflect any other aquaculture species, with the exception of the model organism, zebrafish. In order to do this, high-resolution high-mass accuracy mass spectrometry was used to conduct a comprehensive proteome profile of 17 histologically normal tissues in Rohu, embryo, and plasma. Here, we presented mass spectrometric proof of over 150 thousand peptides, which belong to 6015 canonical proteins with 1% FDR and high confidence. The Peptide Atlas repository was created for Rohu using this dataset. This is the first open-source peptide collection for Rohu that is this large, as far as we are aware. Proteomic research on certain genes linked to fish health might be based on this work, which would examine a number of topics such as increased fecundity, improved muscle quality, and molecular changes under stress. (Surasani et al., 2017). Designed to assess potential peptides or transitions suitable for focused proteomics-based diagnostic tests for fish illness, safety, and quality, the Peptide Atlas interface is easy to use and very beneficial. This dataset may be used to create spectrum libraries that will be used to build and validate the targeted proteomics data. The comprehensive proteome sequence data, in our opinion, would supplement the genomic data and speed up fundamental and practical research in the aquaculture and fisheries industries. 
1.3 Environment monitoring 
Fish are very sensitive to temperature fluctuations, and the ability of different species to adapt to changes in ambient temperature is a key factor in their geographical distribution, survival and reproduction (Mahanty et al., 2017; Yang et al., 2022). According to certain research, fish development, reproduction, metabolism, immunity, and even survival may all be impacted by further warming of the water, particularly for cold-water species (Somero, 2004; Guillen et al., 2019; Bayse et al., 2020; Servili et al., 2020; Zhou et al., 2021). Thus, a thorough understanding of the shifting patterns of fish physiology under heat stress and an understanding of their regulation mechanisms under stress are crucial for the sustainable growth of aquaculture.Water temperature is one of the most important environmental factors that affect physiology and behaviour in poikilotherms, including fish. The carp (Cyprinus carpio L) is an eurythermal fish, which can survive under a wide range of temperatures ranging from near 0°C to over 30°C (Billard R. Billard et al.,1995). The optimum temperature for carp growth is between 20°C and 25°C (Metz et al.,2003). Fluctuations in water temperature affect enzyme reactions, growth efficiency, reproduction, oxidative capacity, membrane composition and immune functionality (Cheng et al.,2013). The acclimatory response, also known as reversible physiological plasticity, is the term used to describe the physiological reorganization that compensates for such alterations. The most important proteins implicated in the illness mechanism may be revealed by using an advanced proteomics technology to discover a detailed proteome and offer information on microbial processes in the host. The fields of developmental biology, toxicology, environmental monitoring, illness, health, and general proteome profiling employing gel and label-free proteomics have all made extensive use of earlier proteomic techniques (Nissa et al., 2021). The main benefit of label-based gel-free proteomics is that method has excellent consistency, confidence in peptide identification and quantification, and enhanced proteome coverage (MS), which enable many samples to run simultaneously in mass spectrometry to discover abundance in complicated proteomes (Nissa et al., 2021; Ma et al., 2020; Zecha et al., 2019). TMT (tandem mass tag), and ICAT (isotope-coded affinity tag), metabolomics; SILAC (stable isotope labelling of amino acids in cell culture) or spiking in of synthetic labelled peptides (Nissa et al., 2021). TMT-based proteomics is used in the fisheries field to identify the quality of fillet, fish parasites, toxicity, stress, and metabolic study (Wang et al., 2023, Fan et al., 2022, Wu et al., 2022, Xiang et al., 2020). The purpose of this review is to objectively assess the current developments and possible uses of proteomics in diverse aquatic environmental research, as well as the difficulties and prospects that lie ahead. Clarifying their innovative prospects in the aquatic industry will be made easier with a broad review of proteomics and multi-proteomics applications. Proteomics can be used to marine pharmaceuticals, aquatic bioengineering, environment protection and management, aquatic food production and value addition, and medicine. Additionally, the incorporation of proteomics can disclose the link between the aquatic environment and organisms. 

2. Proteomic techniques used in aquaculture
Affinity-based techniques or immunoprecipitation employing ligand binding qualities can be used to extract the target proteins and their interaction partners from total protein extract (Monti et al., 2009). At one level or another, both functional and expression proteomics depend on fundamental proteomics methods for protein identification and separation. (Monti et al., 2005). The quantitative analysis of the whole proteome or sub-proteome across samples with potentially varying expression levels is known as expression proteomics. Data from this method may be used to identify proteins that are part of a certain biological pathway or proteins that alter their expression in response to a disease, toxicant, or other stressor. (Bradley, Kalampanayil, & O’Neill, 2009). Mass spectrometry (MS), protein microarray, chromatographic techniques, 2-dimensional gel electrophoresis (2DE), and other separation methods are among the proteomic techniques used for expression profiling. (Vadivel, 2015). A typical proteomic workflow involves several steps of sample preparation, various protein separation techniques, different methods for protein digestion and identification approaches. proteins are separated on polyacrylamide gels, and this separation is carried out by using one-dimensional (1D) or Two-dimensional (2DE) electrophoresis (Vadivel, 2015). One-dimensional electrophoresis (1-DE) is a robust technique commonly used to identify proteins in complex samples. Liver proteomics of rainbow trout against Aeromonas salmonicida infection was evaluated using 1-DE (10% acrylamide), and around 3000 proteins were detected using label-free quantification (Causey et al., 2018). The most popular gel-based technique for identifying and analyzing the expression of hundreds of proteins on a single gel is two-dimensional gel electrophoresis (2DE). Here, proteins are separated based on isoelectric point (pI) in the first dimension and molecular weight in the second dimension (Meleady, 2018). Currently, high-performance liquid chromatography (HPLC) is considered as an important proteomic separation technique that can easily be coupled with mass spectrometry, making it possible to separate peptides or proteins just before the mass analysis.Both top-down and bottom-up methods can employ HPLC, which is used at the conclusion of the proteomic process. Hence, shotgun proteomics provides quantification and identification of proteins by analysing peptides obtained from the proteolysis of proteins (Zhang, Fonslow, Shan, Baek, & Yates, 2013). According to Pio Vesana et al. (2016), the use of shotgun proteomics in fish has demonstrated an overall increase in protein identification. Comparatively speaking, gel-free methods are quicker and need fewer samples than gel-based methods. 
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                            Fig 1 :  Schematic overview for a typical proteomic experiment 
Protein extraction and separation, which might be 1D/2DE/DIGE, are performed on biological material after they have been homogenized. Protein digestion utilizing a filter-based, gel-based, or solution-based approach is the following stage. To collect targeted or discovery data, protein digests (peptides) are put via liquid chromatography tandem mass spectrometry (LC-MS/MS). To find and measure the identified peptides and put them together to form proteins, the raw data is analyzed utilizing databases. The discovery of proteins is followed by functional analysis utilizing protein networks and pathways, where a novel hypothesis is developed or shown to comprehend biology. A specific route, protein, or peptide marker for a certain condition is found and used for a variety of purposes in aquaculture and fisheries.

3. Mass spectrometry and Biomonitoring Tool
Generally, for a Mass spectrometry (MS) based proteomic experiment, MS is the final step which provides raw data for identification and quantification of proteins. MS is an important technique used in proteomic analysis. A mass spectrometer works on the principle that multiple ions are generated from the analyte sample, separated in mass analyser based on mass to charge (m/z) ratio and finally relative abundance of each ion type is recorded (Urban, 2016). In general, a mass spectrometer has an ionisation source, a mass analyser and a detector. In an HPLC-MS/MS (HPLC-tandem mass spectrometry) set up, analyte coming out of HPLC gets ionised and enters the mass analyser and raw MS data is acquired. Analytes entering the MS should be ionised first for their detection. Matrix assisted laser desorption ionisation (MALDI) and Electrospray ionisation (ESI) are the soft ionisation techniques majorly used for proteomic applications and involve addition or loss of protons for ion isolation of peptides. MALDI majorly creates singly charged ions of the sample which are further separated based on m/z ratio (Singhal, Kumar, Kanaujia, & Virdi, 2015). Targeted proteomics is an alternative method to immunoassay that discovers interested proteins and their corresponding peptides. It is an advanced proteomic method for studying system biology across a range of omics fields. (Manes & Nita-Lazar, 2018). In a targeted proteomic assay, target fish/food proteins can be detected with specificity, re- productibility and accuracy. Computational and bioinformatic tools are essential for the full implementation of proteomics methods in any discipline. For instance, from the raw data collection to its processing and interpretation, bioinformatics is engaged in a proteomic investigation based on mass spectrometry. With these platforms, larger omics or multi-omics data may be connected to investigate the biological processes taking place within the live system. (Prasanna-Mohanty et al., 2019). To identify and quantify peptides and proteins in the raw MS data, automated search engines like Sequest, Comet, X!Tandem, Mascot, and MaxQuant (Andromeda) are needed (Ting et al., 2015). These databases used for identification of proteins are generally the protein sequences obtained from genomic or sometimes from transcriptomic information. Currently, NCBI has genome sequence data for 331 fish species, 24 of which are aquaculture species (Yue & Wang, 2017).   The MALDI–TOF technique has several applications in aquatic proteomics (Dieme et al., 2014), and it shows great potential because the analyses are easy, rapid, robust, high-throughput, and cost-effective. Considering the mass spectrometer's high initial cost, it could offer an intriguing substitute for conventional techniques for identifying aquatic bacteria or species.Protein extraction buffers might isolate a unique set of proteins with different hydrophobicity, pI (Isoelectric point), aromaticity, and molecular weight. Therefore, this information might help develop enzyme-linked immunosorbent assay (ELISA) methods for assessing seafood allergies (Bose et al, 2021). In a recent work, a procedure for metagenomics applications was designed to digest or extract peptides from microbial biomass in saltwater, as well as to separate proteins and DNA (Colatriano et al., 2015). Since marine-based protein hydrolysates are frequently found in food and fish feed composites, a standard procedure has been established to describe the variety and quantity of their protein complexes, such as those found in salmon, tilapia, shrimp, tuna, krill, and squid. (Leduc et al., 2020). For decades, advanced technologies have been used to isolate and identify proteins from organisms. Assessments of protein structure similarities and differences are difficult because of their complexities that require keen bioinformatic analysis to correctly perform fingerprinting (Cue et al., 2014). Recent advancements, such as dynamic structural vibration assessments, have been applied in protein fingerprinting (or peptide mass fingerprinting) (Niessan et al., 2019). However, structural vibrations are used as alternative analytical techniques for protein identification that cleave proteins into smaller peptides; then, their mass is measured and analyse via mass spectrometry. Protein–protein interaction research is also crucial for clarifying how environmental stress alters aquatic animals' metabolic processes.A recent study used protein fingerprinting to identify the intercellular protein mechanisms of H2O2 stress-mediated inhibition on algae, Scenedesmus obliquus (Zhang et al., 2022).
4. Applications of proteomics in fisheries/aquaculture
                The aquatic food business, aquatic environmental monitoring, and the creation of aquatic natural products and future directions are the three fundamental fields in aquatic research where we found distinct proteomic applications. Furthermore, many aquatic species' genomes are still incomplete, therefore final omics prediction studies on aquatic life still require refinement.   Globally aquaculture continues to grow faster than any other food production secto.Therefore, we ought to guarantee that fish raised in farms are of the same caliber as fish found in the wild. At first this seems to be an odd aspect to consider but several factors might influence the physiology of a fish. Proteomic technology has been utilised to investigate several aquaculture issues as well as for understanding the basic biology using model fish species but the growing importance of food fish in nutrition and food security has shifted the focus from model fish species to food fishes and aquaculture species. Aquaculture is a sustainable method of obtaining important nutrients from aquatic foods, including docosahexaenoic acid and eicosapentaenoic acid. Plants, algae, invertebrates (primarily shellfish), and fish of various kinds are widely known for their contributions to the development of innovative aquaculture techniques. Contemporary aquaculture farming is currently undergoing growth to improve nutrient availability and sustainability (Fiorella et al., 2021). Genomic information is available for some aquaculture fish species, and identifying causal genes is important for future aquaculture development (Abdelrahman et al., 2017). The advancement of NGS technology has made the genomes of several cultivated species now accessible. Understanding the roles of genes and peptides requires the use of functional genomic techniques. Thus, identifying active genes, proteins, and the dynamics of their expression are fundamental steps in sophisticated proteomic approaches. Nonetheless, the identification of new aquaculture species and the evaluation of their growth within the aquaculture system still depend heavily on genomes and proteomics. As a result, the use of proteomics to study aquatic animals and their products has grown significantly during the last 20 years. In aquaculture systems, proteomics is a potent tool for addressing a variety of issues pertaining to welfare, nutrition, health, productivity, safety, and quality.  (Rodrigue et al., 2012). Two essential strategies used to improve the welfare, health, nutritional makeup, and general well-being of farmed fish are targeted and discovery proteomics. (Carrera et al., 2020). Food safety in fisheries and aquaculture is essential to guaranteeing the consumption of nutritious aquatic foods. Numerous studies have been conducted on the effects of aquatic food safety and status (Hicks, 2016; Gae et al., 2022). Proteomic applications have been used to assess the expression of recombinant proteins, establish biomarkers for quality, freshness, pathogens, allergenic proteins, and seafood hazards, detect functional changes in aquatic proteins with nutritional interest, and detect accurate labeling of seafood products. (Pineirs et al., 2003). Proteomics can serve as a revolutionary method to differentiate commercially accessible fish food sources and their sex differentiation, and the European Union's food safety standards guarantee the traceability and precise identification of fish species to prevent frauds linked to seafood safety (Pineirs et al., 2003; Kayvanshokooh et al., 2009 & Martinez et al., 2004). Microalgae-related proteomics mainly focuses on food safety by analyse their responses to environmental stressors or pollutants (Lei et al., 2011). Furthermore, aquatic food waste has been found to contain biological hazards (pathogenic bacteria, biogenic amines, viruses, and parasites) as well as chemical/abiotic hazards (antimicrobials, formaldehydes, heavy metals, and microplastics) that may pose health risks. The majority of these risks can be analyzed using novel proteomics techniques.
Table 1. Literature review for applications of target protein identification in fishes
	S. No
	Aim of Study
	Species (Tissues)
	Technique
	Number of Proteins
	Reference

	1
	Proteomic analysis of blood plasma reveals changes in immune- and stress-associated proteins following hormonal stimulation of carp males
	Common carp (blood plasma)
	MALDI TOF/TOF
MS peptide mass
 fingerprint (PMF) and fragment mass spectrometry (MS/MS)
RT-qPCR
	44
	Mariola A. Dietrich Krzysztof Rakus d a , * , Ilgiz Irnazarow , Natalia Kodzik a b , Mikołaj Adamek c , Patrycja Jurecka , Magdalena Chadzi´ nska d b , Lukas Teich , Dieter Steinhagen Andrzej Ciereszko a (2021) 2D-DIGE proteomic analysis of blood plasma reveals changes in immune- and stress-associated proteins following hormonal stimulation ofcarpmales .Fish and selfish immunology .https://doi.org/10.1016/j.fsi.2021.09.018

	2
	The protective effects of vitamin C on apoptosis, DNA damage and proteome of pufferfish (Takifugu obscurus) under low temperature stress
	pufferfish (Takifugu obscurus)
Muscle tissue
	Liquid chromatography–mass spectrometry (LC–MS/MS)
	24
	Chang-Hong Chenga,1, Hai-Yan Liangb,1, Sheng-Wei Luob, An-Li Wangb,⁎, Chao-Xia Yeb,(2017) The protective effects of vitamin C on apoptosis, DNA damage and proteome of pufferfish (Takifugu obscurus) under low temperature stress.journal of thermal biology.
https://doi.org/10.1016/j.jtherbio.2017.11.004

	3
	Acclimation to cold and warm temperatures is associated with differential expression of male carp blood proteins involved in acute phase and stress responses, and lipid metabolism
	Common carp
blood plasma
	mass spectrometry (MALDI TOF/TOF,
	47
	Mariola A. Dietricha,∗, Piotr Hliwab, Mikołaj Adamekc, Dieter Steinhagenc, Halina Karola, Andrzej Ciereszkoa(2018) Acclimation to cold and warm temperatures is associated with differential expression of male carp blood proteins involved in acute phase and stress responses, and lipid metabolism. Fish and selfish immunology. https://doi.org/10.1016/j.fsi.2018.03.018

	4
	Proteome Analysis of Whole-Body Responses in Medaka Experimentally Exposed to Fish-Killing Dinoflagellate Karenia mikimotoi
	algal bloom species (whole body)
	mass spectrometry (MALDI TOF/TOF,
	35
	Celia Sze-Nga Kwok †, Kaze King-Yip Lai † , Winnie Lam, Steven Jing-Liang Xu and Fred Wang-Fat Lee * , Sai-Wo Lam. Proteome Analysis of Whole-Body Responses in Medaka Experimentally Exposed to Fish-Killing Dinoflagellate Karenia mikimotoi .International journalof molecular science. Int. J. Mol. Sci. 2021, 22, 11625. https://doi.org/10.3390/ ijms222111625

	5
	Proteomics Analysis of Liver Tissue of Labeo rohita
	Labeo rohita (liver tissue)
	Electronspray Ionization (ESI) - Mass Spectrometry and iden tified by MASCOT search.
	42
	M. Goswami1,*, G. Hariprasad2, A. Dubey1, R. Kumar1, N.S. Nagpure1, A. Srinivasan2, T.P. Singh2 and W.S. Lakra. Proteomics Analysis of Liver Tissue of Labeo rohita. Proteomics Analysis of Liver Tissue of Labeo rohita. Current Proteomics, 2015, 12, 56-62.

	
	
	
	
	
	

	6
	Physiological Responses to Acute Heat Stress in Rohu, Labeo rohita: Insights from Liver Proteomics
	Labeo rohita (liver tissue)
	mass spectrometry (MALDI TOF/TOF,
	
44
	Carrera, M., Gonz´alez-Fern´ andez, ´ A., Magad´an, S., Mateos, J., Pedr´ os, L., Medina, I., & Gallardo, J. M. (2019). Molecular characterization of B-cell epitopes for the major fish allergen, parvalbumin, by shotgun proteomics, protein-based bioinformatics and IgE- reactive approaches. Journal of Proteomics, 200, 123–133. https://doi.org/10.1016/j.jprot.2019.0 4.005

	 7
	Identification of proteins differentially expressed in the gills of grass carp (Ctenopharyngodon idella) after hypoxic stress by two-dimensional gel electrophoresis analysis
	grass carp (Gill tissue)

	Liquid chromatography–mass spectrometry (LC–MS/MS)
	6
	Ghaedi, G., Keyvanshokooh, S., Mohammadi Azarm, H., & Akhlaghi, M. (2016). Proteomic analysis of muscle tissue from rainbow trout (Oncorhynchus mykiss) fed dietary β-glucan. Iranian Journal of Veterinary Research, 17, 184–189. https://doi. org/10.22099/ijvr.2016.3813. 

	8
	Label-Free Shotgun Proteomics Approach to Characterize Muscle Tissue from Farmed and Wild European Sea Bass (Dicentrarchus labrax)
	Dicentrarchus labrax (muscle tissue)
	Liquid chromatography–mass spectrometry (LC–MS/MS)
	182
	Piazzon, M.C., Calduch-Giner, J.A., Fouz, B., Estensoro, I., Sim´ o-Mirabet, P., Puyalto, M., Karalazos, V., Palenzuela, O., Sitj` a-Bobadilla, A. and P´ erez-S´ anchez, J., (2017). Under control: how a dietary additive can restore the gut microbiome and proteomic profile, and improve disease resilience in a marine teleostean fish fed vegetable diets. Microbiome, 5, 164. https://doi.org/10.1186/s40168 -017-0390-3

	9
	MS-based proteomic analysis of cardiac response to hypoxia in the goldfish (Carassius auratus)
	goldfish (Carassius auratus)
	
mass spectrometry
MALDI MS/MS 
	

12
	Naderi, Mahdi, Keyvanshokooh, S., Salati, A. P., & Ghaedi, A. (2017). Proteomic analysis of liver tissue from rainbow trout (Oncorhynchus mykiss) under high rearing density after administration of dietary vitamin E and selenium nanoparticles. Comparative Biochemistry and Physiology - Part D: Genomics and Proteomics, 22, 10–19. https://doi.org/10.1016/j. cbd.2017.02.001. 

	10

	Proteomic analysis of muscle tissue from rainbow trout (Oncorhynchus mykiss) fed dietary β-glucan

	Oncorhynchus mykiss (Muscle tissue)
	Mass spectrometry
MALDI TOF/TOF MS
	

8
	Ghaedi, G., Keyvanshokooh, S., Mohammadi Azarm, H., & Akhlaghi, M. (2016). Proteomic analysis of muscle tissue from rainbow trout (Oncorhynchus mykiss) fed dietary β-glucan. Iranian Journal of Veterinary Research, 17, 184–189. https://doi. org/10.22099/ijvr.2016.3813.



5.Conclusion
Aquaculture practices must be sustainable. Numerous fish characteristics may be investigated and molecular indicators for their welfare can be found by using omics platforms including genomes, transcriptomics, and proteomics. Here, we made an effort to examine and evaluate the uses of proteomics as a potent tool for tackling a range of aquaculture concerns pertaining to safety, quality, nutrition, health, and disease control. Furthermore, information for just a few fish species has been integrated into a number of internet databases and portals used for secondary and tertiary analysis. Notwithstanding these difficulties, research conducted thus far on a variety of model and aquaculture/food fish species demonstrates the promise of proteomics in comprehending fish biological pathways, investigating important aquaculture concerns, and identifying possible biomarkers for safety and quality. Highly sensitive and precise methods for food authenticity, traceability, and allergy identification in fish or fisheries goods are offered by the use of discovery and targeted proteomics. Since proteins are thought to be the primary functional macromole cules in all biological systems, fish and other food products may be studied using proteomic techniques. Here, we have outlined a number of procedures ranging from simple to complex proteomic sample preparation and the related methods that may be useful for researching how aquaculture and environmental factors affect the safety and quality of fisheries products. Because fish/food proteomics has the potential to become an effective analytical tool in the food sector, this review highlights the need for more active research in this area. Furthermore, the blue revolution will be facilitated by the integration of proteomics with other omics data. 
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