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        Abstract



        Polymorphism is an important component of animal genetic improvement. As a result, myostatin gene is largely involved in muscle formation and growth and is a great candidate gene for increased growth of muscle in animals. Myostatin negates the growth of muscle cells and is found across species. Literature shows various applications and importance of myostatin in poultry and aquaculture production. In poultry, variations in the myostatin gene have been linked to growth characteristics. In aquaculture, myostatin influences the enhancement of the muscle tissues of fish. Besides, myostatin plays a role in increasing the lipid content of muscle, lowering circulating glucose levels, and hepatosomatic index in fish. Studies on zebrafish as a model species have confirmed myostatin involvement in the muscle development of fish. Its expression is not limited to skeletal muscle but also occurs in the liver, brain, and other organs. In the myostatin-b-deficient zebrafish, the size of visceral adipose tissues shrank, and more lipids have been observed to accumulate in skeletal muscle than in wild-type fish. The inhibition or complete depletion of functional myostatin is known to cause the “double-muscled” in several cattle breeds and similar traits in other species. However, the “double-muscled” animals have captured the attention of breeders and researchers due to the enhanced muscular tissues; associated with productivity issues. For instance, the effect of myostatin inhibition has been associated with egg production. When compared to wild-type, myostatin homozygous mutant birds had a significantly delayed commencement of egg production in layers. It is therefore imperative to increase the knowledge of myostatin molecular genetics and bioactivity in various tissues in the poultry and aquaculture sector. This will enable improved productivity and enhanced contribution of animal-sourced proteins from both sectors of animal production.
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      1. INTRODUCTION


      Poultry is an essential source of food and revenue for farmers in many areas, both economically and socially. In many parts of the world, poultry has been an important source of dietary protein for the teeming global population. In the rural areas, poultry provides employment and social benefits ranging from the rearing of chicken, guinea fowl, etc. to their supply chain [1, 2]. Of these, food is the most important benefit from meats and eggs (for example chickens, ducks, and guinea fowl). Poultry is a more important source of protein than of calories with meat, eggs, and feathers. Over the years, the demand for livestock and their products has increased due to increased income, population, and urbanization across the world, particularly in developing countries [2, 3].


      The widening gap between animal protein demand and utilization in Nigeria calls for urgent investigation of resilient alternative livestock species as well as government policy changes that are supportive of sustainable poultry production. This is because poverty and climate change among other factors have impaired the successful use of improved conventional species of chickens and other livestock species to address poverty and hunger [4].


      However, unconventional livestock holds a promising hope for farmers. Unconventional livestock species such as guinea fowls are reservoirs of valuable genetic resources, and many have traditionally been used as sources of animal protein. Being adapted to harsh environments with the ability to utilize natural resources more than conventional stocks cannot make it easy for landless and smallholder farmers to feed, manage and raise them. The continuing competition between commercial poultry and local poultry species in the Nigerian market boils down to one crucial factor: namely growth and maturity period. The continual quest for heavy breeds with more muscle mass per bird continues to implicate local poultry species demand and consumption adversely despite their inherent adaptability advantage to the local clime. This issue continues to bedevil every aspect of poultry production as consumers’ preferences will always determine the direction of research and production. Therefore, any focus of study to elevate the potential of indigenous poultry to compete with commercial stocks must center on this issue that commands consumer preference, namely growth. This review aims to consider one of such factors that greatly influence growth from the genetic angle.


      Myostatin is a protein that prevents muscle growth. Two key aspects contribute to the popularity of myostatin. First and foremost, myostatin has a significant impact on muscle growth, implying a large potential for increased output. On the other hand, myostatin works as a negative regulator of muscle growth, causing muscle growth through enhanced cell division and/or hypertrophy when low amounts of the protein are present or when the protein is inactive


      According to Rodgers and Garikipati [5], the discovery of myostatin and the introduction of the “Mighty Mouse” sparked both scientific and applied research, as well as influenced popular culture. In mice and sheep, the inhibition of myostatin resulted in “double muscling,” which has recently been reported in a child. Given the potential benefits of boosting muscle growth in agricultural and clinical settings, the rapid rise in the field is unsurprising. The importance of myostatin inhibition is also demonstrated in similar phenotypes of some domestic cattle breeds such as the Marchigiana, Piedmontese, and Belgian Blue due to the mutation of myostatin alleles [6, 7]. With the reasoning above, it goes to show the probable viability of developing indigenous local breeds from different poultry species in Nigeria using the myostatin nulling effect as a determinant.


      According to literature, some avian species have had their myostatin genes cloned, including ducks, turkey, goose, quail, pigeon, and chicken [8]. Initial investigations with avian species and most non-mammalian vertebrates have attempted to link variations in myostatin expression to physiological responses to catabolic stress or important stages of skeletal muscle development. These results gave the initial demonstration that myostatin has the ability to inhibit growth activities in avian and fish skeletal muscle, albeit being predominantly descriptive.


      Recent studies have investigated the functions of myostatin in different vertebrates with reference to polymorphism. In chickens, polymorphism of the myostatin gene has been connected to differences in body weight [9]. Also, Kim et al. [10] reported a minor but considerable positive effect on body weight and muscle mass in 3-day-old embryos due to immunoneutralization of myostatin. The study also indicated a lowered thigh and leg weights of post-hatch chickens administered polyclonal antibodies against Leucine Aminopeptidase (LAP) in ovo. The study provided the first functional proof that LAP suppresses the biological action of myostatin in a non-mammalian vertebrate.


      The foregoing reports have proven that myostatin veritably as a genetic factor of growth is of key importance in elevating the potential of indigenous poultry species in Nigeria to become competitive with commercial stocks while retaining their numerous fitness advantages.


      
        

        1.1. Myostatin Editing and its Applications in Poultry


        Myostatin (growth differentiation factor 8, GDF8) is a negative regulator predominantly expressed in skeletal muscle [11]. The treatment of myoblasts (muscle cells) with myostatin results in a reduction in proliferation and differentiation of the cells [12, 13].


        The potential of myostatin inhibition to increase muscle mass in chickens and quail has generated attention in the poultry sector as a potential selection mechanism for increased meat production. The effect of myostatin inhibition has also been investigated on egg production to determine whether myostatin could be used in the layer industry to increase egg output. When compared to wild-type quail, myostatin homozygous mutant birds had a significantly delayed commencement of egg production in layers. The egg weight was also observed to be larger. However, during the active laying period, the number of eggs produced decreased [14].


        The study by Zhang et al. [15] investigated the relationship between myostatin polymorphisms and production performance in chickens. The findings showed that variations in the myostatin gene are linked to chicken growth characteristics. Thus, the single nucleotide polymorphisms in the myostatin gene could serve as markers for marker-assisted selection in chicken breeding. The findings of Kim et al. [16] show a negative relationship between markers expression and pectoralis major muscle growth, laying the foundation for markers expression to be used as a selection marker for increased muscle growth in poultry.


        Available literature has shown importance of myostatin in poultry. Myostatin gene is highly polymorphic in chicken and the mode of inheritance is possibly autosomal, monogenic, and partly recessive with incomplete penetrance [17, 18]. In chickens, Gu et al. [8] observed mutations in the regulatory areas of myostatin have been linked to abdominal fat percentage and weight, birth weight, breast muscle percentage, and weight.


        Baron et al. [18], initiated exploration of myostatin in chickens during the study of the structure of the chicken myostatin gene. The study showed that the myostatin gene is similarly conserved with that of other vertebrates and is located in chromosome 7 with three exons and two introns (6693 bp in length) and produces about 375 latent amino acids. This finding was similarly reported in Bhattacharya et al. [19].


        The study of Ye et al. [9] investigated the relationship between myostatin polymorphism and growth performance in broilers. The myostatin was reported as possessing pleiotropic effects on broiler performance. The result was associated with seven genetic variations in exon 1, three in exon 3, and three in intron 1 and 2. The primary role of myostatin was to regulate skeletal muscle growth. Ye et al. [9] further showed that the non-synonymous single nucleotide polymorphisms T4842G are linked to the alteration of an amino acid in the myostatin and may be connected to variation in body weight.


        Also, Zhang et al. [20] showed that the exon 1 of the myostatin in the Bian chicken breed reared for dual purposes in China possesses a 234G>A mutation. This has equally been reported in other Chinese chicken breeds (Arbor Acre, Jinghai, and Youxi) with four additional mutations in the 5'-regulatory region (A326G, C334G, C1346T, and G1375A). Single nucleotide polymorphisms in chicken myostatin were found to alter breast muscle weight and percentage, birth weight, abdominal fat weight and percentage, and adult weight in additional investigations on growth traits [20]. Three single nucleotide polymorphisms were identified by Gu et al. [21] in the 5' regulatory area and two single nucleotide polymorphisms in the 3' regulatory region. The single nucleotide polymorphisms varied in allele frequencies between breeds. The study further showed that homozygous genotypes AA and BB at a locus in the 5' regulatory region have a larger belly fat weight and percentage than the AB genotype in an F2 generation from a hybrid of broiler and silky chickens. In the DNA of Wenshang Luhua chicken, the upstream promoter region of myostatin was investigated. The findings showed that thirteen E-boxes were located upstream of myostatin, and the polymorphisms of E-boxes were examined for the first time [22]. Other studies on ducks looked into the relationship between myostatin polymorphisms and slaughter parameters like leg muscle weight and percentage, breast muscle percentage, and breast muscle weight. It was discovered that polymorphisms in the myostatin 5′ regulatory region were linked to breast muscle percentage and rate of fat in the abdomen [23]. In addition, in a study of polymorphisms in Pekin ducks, Xu et al. [24] revealed three significant differences. The first is a T to C transition in the open reading frame (ORF) (position 129) that has been connected to the thickness of the breast muscle. The ORF for the T/C mutation had a second single nucleotide polymorphism at 708 bp, and the final 952TC had a strong association with the length of the “Fossilia Ossis Mastodi”, or dragon bone. According to Liu et al. [25], a transition of G>A at 2701bp in exon 3 of myostatin in Gaoyou ducks is linked to the rate of belly obesity. Six single nucleotide polymorphisms (g.106G>A, g.120A>G, g.159G>A, g.5368G>A, g.5389A>C, and g.5410G>A) were found in the first and third exons of the Sansui duck, with four loci appearing linked with leg dressing percentage, muscle percentage, and leg muscle weight [26].


        In chickens, the connection between the expression of myostatin mRNA, body weight, muscle mass, and growth rate is not well understood. In view of this, Duo et al. [27] investigated this relationship and found that myostatin expression is linked to muscle development regulation and body growth, with two distinct regulatory mechanisms switching between days 30 and 60.


        Different polymorphisms in the myostatin gene have been investigated in different poultry breeds. Zhang et al. [20] observed polymorphisms on myostatin in Youxi, Jinghai, and Bian breeds. Liu et al. [24], Xu et al. [25], and Zhao et al. [26], investigated polymorphisms on myostatin across different positions in Sansui duck, Gaoyou duck, and Pekin duck, respectively.


        From the foregoing reports, it illustrates the extent of work done on the myostatin gene in poultry breeds from other climes and most of these reports points to the feasibility of using this gene in breeding to boost productivity in the sector [27]. In Nigeria, Fijabi et al. [28] reported a study of polymorphism in the myostatin gene and its relationship to body weight in Nigeria indigenous Turkey. The findings showed that three allelic variants, A, B, and C, were discovered with frequencies of 0.79, 0.20, and 0.01, respectively, while three genotypes, AA, AB, and AC, were controlled with frequencies of 0.58, 0.40, and 0.02, respectively. The likelihood ratio (G2; 0.145757) and chi-square test (X2; 0.342138) probabilities for Hardy–Weinberg equilibrium show that the sampled population was in equilibrium. In the population, the observed heterozygozygosity, Shannon information index, number of effective alleles, and Nei's gene diversity indices were 0.4200, 0.5542, 1.5056, and 0.3358, respectively, indicating moderate to high diversity. At 4, 8, and 12 weeks of age, there was no significant (P > 0.05) link between body weight and genotype. The polymorphism nature of the myostatin gene allows for genetic enhancement through selective breeding. Although, its polymorphic variations have little effect on body weight in Nigerian indigenous turkeys.


        Since time immemorial, the attention of poultry farmers in Nigeria has been integrally focused on chicken with minimal attention paid to other poultry species. The many underrated, but highly promising poultry species such as turkey, quail, and guinea fowl have been left unexplored and underutilized, hence this review is to point out the benefits of studies on myostatin gene in Nigeria poultry species and expose the critical neglect that is ongoing with regards to this species in terms of utilizing their genetic potential to improve poultry production in Nigeria.

      


      
        

        1.2. Myostatin Editing and its Applications in the Aquaculture Sector


        Aquaculture plays an important role in meeting the increasing demand for animal-source foods. With the current global population and projection of over nine billion by 2050, aquaculture will become the major supplier of animal protein for human utilization [29, 30]. In the past few decades, aquaculture has seen tremendous expansion in terms of production volume and value; matched with an increased demand for aquaculture products, particularly fish [31]. This expansion can be attributed to the depletion of wild fishery stock, international trade and a rising global human population that has resulted in the significant increase in demand for aquatic animal-source foods [32, 33] (Ottinger et al., 2016; Sprague et al., 2016). The success of the aquaculture sector, along with a reduction in global fisheries output, has substantially increased the importance of the aquaculture sector for human nutrition and sustenance [34].


        In developing countries, the incapability of aquaculture farms to minimize production costs has been a fundamental constraint despite the steady growth of aquaculture across the world. This limitation further incapacitates aquaculture farmers to supply their products at a market price that is quite competitive [35]. Initially, research and development resources in advancing aquaculture focused on optimizing feed composition as well as enhancing the culturing processes. Although research and development in these areas have resulted in innovative ad sustainable approaches to cultural practices, the average per unit productivity seems unchanged across many industries utilizing these approaches [36]. In view of this, the adoption of genetic technologies seems to be the only way forward towards achieving significant increases in aquaculture productivity. In particular, genetic technologies stand the chance to considerably improve the productivity of aquaculture species, of which an optimal culture technique has been established [36-38].


        Depending on the culture species, many desirable traits have been singled out to boost aquaculture productivity and eventually increase its profitability. Specifically, among the many desirable traits, the growth rate of the cultured species has usually been the most significant of these traits [39]. This is because the growth rate is central for an animal to attain a harvest size within a shorter time frame, hence, shortening the production cycle, minimizing production costs, and maximizing profits [40].


        Over the years, improved growth rates to attain shorter harvest times have become very important in aquaculture operations, where costs and risk of a disease outbreak are generally higher compared to livestock production systems [36]. Such dramatic improvement in the performance of cultured species in the aquaculture sector has been one of the single factors behind the expansion and profitability of the industry. This has been attributed to the use of various genetic technologies to improve growth as obtained in terrestrial livestock industries such as swine, cattle, swine, and poultry [41, 42].


        Among the many targeted traits, growth has typically been the most essential and desired trait to increase aquaculture farm production and profitability [39, 40]. Over the years, the growth rate of various species of aquatic organisms has been improved through research and the application of several genetic techniques. These include the use of stocks of single, fast-growing sex (i.e., all-male tilapia) and utilization of chromosomal modification to produce enhanced stock with an extra set of chromosomes (i.e., triploids). Other genetic techniques of importance include selective breeding systems, which select and match fast-growing individuals to produce better offspring, and genetic modification of growth-related genes [43-46].


        Among these genetic techniques, the application of the single-gene strategy has lately acquired a high preference among aquaculture researchers to boost productivity. Although these strategies have shown highly positive outcomes in terms of improvement of production in select species, their widespread adoption is still constrained by some factors such as limited technological facilities, government regulation, and public acceptance [36, 47, 48]. Above all, many aquaculture species are still not capable of being efficiently bred in captivity and this is a clear limitation to the majority of the above-mentioned techniques. It is expected that such limitations might persist when additional aquaculture species are domesticated. As a result, it is imperative that a growth strategy that is less dependent on the reproductive cycle remains one of the favourable options for advancing aquaculture production and profitability on a commercial scale [49].


        The use of a single gene strategy has accelerated the characterisation and investigation of a number of potential genes with large effects on growth, one of which is myostatin. Several studies have found that genes identical to the myostatin gene found in cattle are found throughout the animal kingdom and that many species have a substantial relationship with growth functions [50]. Therefore, myostatin is a particularly attractive candidate gene for improving aquaculture production due to its essential function in the regulation of growth [36].


        At the moment and in the near future, aquaculture stands to benefit tremendously from breakthroughs through genetic technologies targeting growth genes such as myostatin. These technologies are capable of being adapted to target growth genes, particularly in fish to boost production yield [51, 52]. In view of this, it is critical to characterize and understand genes that have a significant impact on growth. Thus, the myostatin gene is one such gene that has the ability to not only boost the growth of aquaculture species such as fish but improve productivity in the long run.

      


      
        

        1.3. Myostatin Editing and its Application for Enhancing Muscle Growth in Aquaculture


        In recent years, several genetic techniques have been researched and utilized to improve the growth rate of aquatic species [53]. The use of genetic editing tools like TALENs, CRISPR/Cas9, and transgenic technology has helped researchers learn more about somatic growth modulation in fish [54, 55]. Myostatin produced from a precursor protein in teleost fish contains a signal peptide, an N-terminal prodomain, and a C-terminal active domain, similar to myostatin in other vertebrate species [56]. The deletion of myostatin or its inhibition in mammals has been shown to increase muscle mass significantly (e.g., double-muscled cattle) through hypertrophy, hyperplasia, or a combination of both [57]. Despite a remarkable degree of conservation with the mammalian protein, the precise function of myostatin in fish remains unknown [58]. In contrast to mammalian species, which have only one copy of myostatin, certain fish species contain numerous isoforms with distinct patterns of expression [59, 60]. Many species of fish use hyperplasia to prolong muscle growth throughout their lives [36]. Thus, the possibility of lowering or blocking the function of this gene/protein has been the primary focus of research efforts. This focus has been aimed at enhancing fish growth via a variety of biotechnological ways as obtained in mammals [61, 62].


        In mammals, the deactivation or reduction of myostatin causes a considerable muscle mass increase to occur, a condition known as “double muscling” [63]. In livestock production, “double muscling” intensely increases the muscular mass and consequently improves economic benefits [64]. As part of an attempt to discover approaches to reduce myostatin in fish and similarly enhance economic benefits, Rebhan and Funkenstein [65] investigated the production and purification of two possible binding proteins to fish myostatin leading to increased muscle growth. The two binding proteins to fish myostatin: follistatin and myostatin prodomain were both cloned from the marine species gilthead sea bream, Sparus aurata. The findings of Rebhan and Funkenstein [65] provided a method for reducing bioactive myostatin and, as a result, enhancing muscle growth in aquaculture fish.


        In other investigations, Gao et al. [66] reported that myostatin-b-deficient zebrafish had larger circumferences and body weights than the wild-type sibling control fish starting at the adult stage (80 days postfertilization). According to a study by Xu et al. [56], muscle mass accounts for a greater proportion of body mass in fish than in mammals. In view of this, the findings of Gao et al. [66] established that the increased muscle growth in Zebrafish was associated with an increase in body weight, which could be a result of altered somatic metabolism caused by myostatin-b deficiency. Studies that used other species, specifically zebrafish, have confirmed myostatin involvement in the muscle development of fish. Xu et al. [56] reported that a transgenic strain of zebrafish that overexpresses the myostatin prodomain under a muscle-specific promoter (an inhibitor of myostatin activity) showed an increase in the number of myofibers without a significant change in fiber size. Hence, resembling the hyperplasia seen in cattle double-muscled breeds with myostatin gene inactivating mutations. As obtained in mammals, myostatin is proteolytically processed and secreted in zebrafish, and it has been confirmed in other fish that its expression is not limited to skeletal muscle but also occurs in the liver, brain, and other organs [59, 67].


        Zhong et al. [68] used the CRISPR/Cas9 technique to modify the myostatin gene and found significantly more muscle cell growth in mstnba mutated common carp (Cyprinus carpio). Similarly, Khalil et al. [69] (2017) utilized the CRISPR/Cas9 technique through zygote injection to target myostatin in the channel catfish, Ictalurus punctatus. The study shows that myostatin-edited fry had significantly more muscle cells than controls, and their mean body weight increased by 29.7%. The findings revealed that CRISPR/Cas9 can be successfully employed to target the myostatin gene to produce growth-enhanced fish and increase productivity. Furthermore, Sun et al. [68-70] employed CRISPR/Cas9 to develop more prominent growth characteristics in blunt snout bream. The myostatin-deficient (mstna and mstnb target) fish had a significantly larger average muscle fiber size and other growth parameters than the control fish.

      


      
        

        1.4. Myostatin Editing and its Application in Regulating Fat Mass in Aquaculture


        Besides muscle growth, several previous studies have found that myostatin is not just essential in myogenesis (differentiation of myoblast into a muscle cell) but also in adipogenesis (development and accumulation of fat-laden cells as adipose tissue) [64, 71, 72]. The precise role of myostatin in adipogenesis is debatable at the moment [55]. However, two separate roles are attributed to myostatin relative to lipogenesis: inhibiting [73] and promoting lipogenesis [74].


        Myostatin has the capacity to prevent myogenic differentiation. It can also increase the differentiation of mesenchymal cells into adipogenic lineages [74]. Myostatin has also been shown to mostly inhibits adipogenesis in preadipocytes but enhance adipogenesis in pluripotent stem cells [64] (Deng et al., 2017). In mice, the inhibition and deletion of myostatin primarily result in increased muscle mass and decreased fat mass [73]. When myostatin is inhibited in mammalian muscle, the fat mass is observed to reduce but not in adipose tissue. However, when myostatin levels become overexpressed in the adipose tissue, the metabolic rate is boosted and this protects against diet-induced obesity [71].


        The inhibition of myostatin has been studied in animals and has been linked to a reduction in fat tissue. Zhao et al. [75] observed that when myostatin was repressed in transgenic mice using a propeptide cDNA sequence, fat masses in the retroperitoneal, epididymal, and subcutaneous areas were drastically reduced compared to wild type mice. Similarly, Mosler et al. [76] showed that knocking down myostatin with siRNA reduced visceral fat in adult mice. McPherron et al. [77] revealed that myostatin may be more effective in lowering adipose weight growth rather than inducing weight reduction. Furthermore, Dong et al. [78] reported that when myostatin is blocked by an anti-myostatin peptibody, white adipose tissue is converted to brown adipose tissue. Also, energy expenditure and fatty acid oxidation are enhanced in high fibre diet-fed mice.


        From the above, it is well established that myostatin plays a vital role in lipid metabolism and adipogenesis in mammals, but its function in fishes has not been completely investigated [69, 79]. In view of the above, Galt et al. [79] investigated the relationship between dietary lipid levels and myostatin expression in rainbow trout (Oncorhynchus mykiss). When compared to a low-fat diet (10% lipid), a five-week high-fat diet (25% lipid) intake increased the white muscle lipid content and lowered circulating glucose levels and hepatosomatic index. In addition, the high-fat diet (25% lipid) reduced the expression of myostatin-1a and myostatin-1b in white muscle and myostatin-1b in the brain tissue of the fish. Thus, myostatin plays an essential in lipid utilization and muscle metabolism in fish.


        Xu et al. [56] used quantitative PCR to evaluate the expression of key genes in muscle tissue in an attempt to investigate the mechanism of the energy metabolism features in the myostatin-b-deficient fish. The expression levels of genes involved in lipolysis, lipogenesis, and gluconeogenesis were higher in the myostatin-b-deficient zebrafish, but those involved in branched amino acid degradation were lower. This finding further revealed that lipid metabolism became highly stimulated, implying that lipids provided more energy to myostatin-b-deficient zebrafish muscle tissue.


        In numerous animal species, depletion of myostatin resulted in increased muscle growth. However, the report on the complete depletion of myostatin in teleost fish has not yet been reported except few studies [66, 80, 81]. Gao et al. [66], investigated two distinct myostatin-b-deficient mutant lines in zebrafish. Although the total lipid/body weight ratios of the myostatin-b-deficient zebrafish and the control fish were identical, the distribution of lipids was different. In the myostatin-b-deficient zebrafish, the size of visceral adipose tissues shrank, and more lipids accumulated in skeletal muscle than in wild-type control fish. Based on the transcriptional expression profiles, Gao et al. [66] further showed that lipid metabolism, including lipolysis and lipogenesis processes, was greatly active in myostatin-b-deficient zebrafish, indicating that energy metabolism in myostatin-b-deficient zebrafish shifted from protein-dependent to lipid-dependent. Ohama et al. [81] conducted a feeding trial on red sea bream (Pagrus major) after complete myostatin (Pm-mstn) knockout using CRISPR/Cas9. The myostatin complete knockout fish had a better somatic growth rate, feed efficiency, weight gain, and a higher ability to accumulate ingested protein than wild-type fish.

      


      
        

        1.5. Myostatin and Future Implications in the Poultry and Aquaculture sector


        According to some researchers, myostatin mutations are the primary cause of hypertrophy, with other gene changes playing a minor impact [82]. MSTN inactivation has thus been offered as a technique for boosting food animal muscle growth and treating human disorders involving muscular weakness and dystrophy [83]. The most obvious biological benefit of altering myostatin function is to improve muscle development while, in most cases, inhibiting intra-muscular fat deposition. Due to the indirect effect of neutralizing myostatin's activities on adiposity, these technologies may be effective in the treatment of obesity and type 2 diabetes. A marketing campaign promising “more muscle, less fat” is appealing and one that these technologies may potentially provide. As biological breakthroughs become more widely known, inhibiting myostatin's functions for cosmetic goals is becoming more likely, if not inevitable [5]. Also, the need for comparative modeling and analysis of myostatin gene action in each poultry specie and other farm animals is recommended to enable more accurate data on which breeding and production may be based and eliminate as much as possible unwitting dangers as a result of nulling myostatin gene in Nigeria poultry species, also according to Rodgers and Garikipati [5]. The underlying mechanisms involved in nulling or not nulling of myostatin gene and its actions present a once-in-a-lifetime opportunity to test duplication-degeneration-complementation vs. conflicting evolutionary models—double-recessive that could explain the molecular basis of fundamental evolutionary processes. There is a low understanding of how perceptibly modest alterations in the gene affect structure and function. This might dramatically affect phenotypic differences across species and/or speciation itself. As a result, increasing knowledge of myostatin molecular genetics and bioactivity in various tissues and creatures has the potential to impact both research and society.


        The concept stated above recommends a strategy of dual myostatin and activin opposition to enhancing tissue growth in the meat production sector, for which the focus is on muscle growth. Interestingly, this could be accomplished by using a combination of compounds that specifically inhibit myostatin and activin activity or a single protein that works at a signalling convergence point at the receptor level via a ligand trap or blocking antibody [84, 85].

      

    


    
      

      CONCLUSION


      Polymorphism may be observed in nearly all livestock species, including poultry, and it can be seen at all levels of genetic organization, from DNA sequence to significant physical features. In poultry and aquaculture production, genetic polymorphism adds to the phenotype diversity. Besides, it is an important component of animal genetic improvement. This genetic variation has generated great interest in researchers in both sectors of animal production for increased meat production. As a result, the myostatin gene is largely involved in muscle formation and growth and has been a great candidate gene for increased muscle growth in animals.


      In poultry and aquaculture production, myostatin inhibition enhanced muscle growth in chicken and fish to boost production in commercial poultry and aquaculture industries. Such a boost has the potential to improve the growth of the industry by enabling farmers to grow larger chicken and fish without increasing the amount of feed consumption. One of the benefits of this strategy is that the modified genes introduced into the chicken or fish employ the same mechanism in livestock animals such as cattle. Thus, myostatin is an important target gene for poultry and aquaculture research to boost productivity.
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