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Abstract:- Transgenics were developed in numerous crops for various traits through copious DNA recombinant techniques. These improved crops provide long-lasting effects for developed traits in collaboration with crops advanced by selective breeding. Exceeding population necessitates an increased rate of food production at similar or greater levels. The present study investigates the potential and concerns of transgenic crops to diminish food scarcity in the near future. Transgenic technology allows for the transfer and expression of desired genes from one plant species to another, regardless of taxonomic or phylogenetic differences.The use of transgenic technology can be a viable strategy for developing biofortified crops when there is limited genetic diversity in nutrient content among plant species. The study concludes that upcoming Genetically Modified (GM) plant varieties are intended to be tailored for challenging environments as well as for enhancing nutrient composition, generating medicinal agents, and producing biofuels and energy.  Although genetically engineered crops have the potential to address worldwide food scarcity, there are still concerns about their feasibility for mass production. The use of transgenic technology has enabled the development of crop varieties that exhibit enhanced yield, resistance to biotic and abiotic stresses, and improved nutritional quality. Additionally, the adoption of this technology is estimated to have reduced the need for pesticides and insecticides, while also lowering the environmental impact and increasing farmer income. Despite these measures, concerns have arisen regarding the environmental and human health risks associated with transgenic crops, such as gene flow, genetic drift, harm to non-target animals, the emergence of resistant weeds and insects, and toxicity and allergenicity. But in the future, GMO crops will be developed not only for better agronomic qualities but also for characteristics related to food processing, medicines, and speciality chemicals. 





Introduction 
Transgenics crops are those crops whose genetic constituents are modified by introgression of diverse genes from similar species or from entirely different origins. Transgenics were developed in numerous crops for various traits through copious DNA recombinant techniques (Usha and Rani 2013). These improved crops provide long lasting effects for developed traits in collate with crops advanced by selective breeding, since their inception transgenics received strong adherent along with rapid argue however their growth across the world is exceptional. Exceeding population demands increase in level of agricultural produce, as of 2050 population of world may transcend nine billion, so as to meet such increased population in succeeding years rate of food production should raise in similar or greater levels. As a result, genetic approaches must be used to improve overall production of crops. In context to this evolution of plants with considerable yield raise are achieved by transgenics.  
. 
Fig 1- Area utilised for the production of Transgenic crops
 This land area is spread over  thirty nations , involving both developed and emerging nations. By utilizing transgenics increased output and lower inputs in pesticides, manpower, and machinery have resulted in high profitability (Naranjo, 2011; Raymond Park et al., 2011; Smyth et al., 2014). 

Fig 2-  Area utilised for the production of Transgenic crops over the years 
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Fig 3- Development of Transgenic Crops over the years
The existence came necessary because all the existing varieties of some crops become susceptible inevitably reducing the yield and national income from agriculture and allied sectors. Transgenics are developed to provide resistance or tolerance towards infectious damage caused from foreign organism and help the farmers to harvest the crop early as they grow fast compared to conventionally produced varieties (NHGRI). The scientific advancement of technologies for manufacturing genetically modified crops began since 1983 as part of a larger technical drive to genetically change constituents of organisms for economic, medicinal, military purposes  and other general human goals. Transgenic plants have genes of other species introduced into them. These implanted genes are from the same origin or from entirely different origin. In several circumstances, the implanted genetic information is somewhat changed so as to express conveniently and efficiently in the host. These plants being utilised for expression of proteins such as Bacillus thuringiensis cry toxins, herbicide resistance genes, and vaccine antigens (Walmsley and Arntzen 2000). Cisgenics, a relatively contemporary type of genetic manipulation, first appeared around 2015. The plants which  are made up of genes occurring in the same or a closely related species are known as Cisgenics, where conventional breeding may take place. In crops like potatoes were crossbreeding through traditional method is arduous, scientist and breeders think cisgenic alteration of such crops is beneficial and these shouldn’t need to subject at similar level of legitimate scrutiny of other GMO’s (MacKenzie Deborah 2008). To deliver  undamaged product even after prolonged shipment and storing transgenic crops are reaped  while they are green and during transportation they are allowed to mature. The remarkable asset of genetically modified food is its ability to withstand distant transportation (Usha and Rani 2013). According to some scientists,  to feed billions of hungry mouths all over the world promoting GM crops as 2nd “Green revolution” is necessary. Adoption of genetically modified crops will have various advantages such as reduced price of commodity and higher yields. Farmers will definitely gain if transgenic plants acquire resistance to specific pests. From 1996 PSRV resistance papaya was farmed & sold in Hawaii is an exemplar  for farmers gaining by cultivating transgenic crops (Gonsalves, 1998). Major rice consuming people ingest polished white rice in day-to-day life which is deficient in vitamin A. Every year, half a million youngsters go blind because of vitamin A deficiency (Conway  and Toenniessen 1999) (Conway  1999). Conventional approaches are being fruitless in developing a crop with higher vitamin A content. Researchers introgressed 3 genes from daffodils and 1 gene from a bacterium, this transformed rice synthesize high β-carotene, a forerunner of vitamin A making grains yellowish in colour ( Al-Babili et al2000). This transformed rice known as yellow or golden rice are efficacious in treating vitamin A inadequacy in neonates of tropical region.  
Escalation of transgenics through different procedure:- 
The genetic modification of crops involves altering the plant's genetic material in a laboratory, usually by introducing one or more genes from its genome. The new genetic material is targeted to the plant cell nucleus using the biolistic or Agrobacterium-mediated transformation methods. The biolistic method, also called the "Gene Gun" or "Micro-Projectile Bombardment" method, is commonly used for maize and rice species. It involves binding the DNA to tiny particles of gold or tungsten and shooting them at high velocity into plant tissue or individual cells using a cannon (Chawla, 2000).   The high-velocity particles can effectively penetrate the cell envelope and membranes, delivering the DNA to nucleus, where it dissociates from the coated metal and integrates into the plant genome. This technique has been successful in various crops, particularly monocotyledons such as T.aestivum and Z.mays, although transformation with Agrobacterium tumefaciens had less success. Although it is both clean and safe, the only drawback of this method is the potential for significant damage to biological tissue.
 The "Agrobacterium" method employs soil-dwelling microorganisms called Agrobacterium tumefaciens and is used to produce genetically modified plants. The Ti plasmid, which is capable of integrating a segment of its DNA into a plant chromosome, is able to infect plant cells. When a plant is infected with this tumour-inducing plasmid, a portion of its DNA is integrated into the Ti plasmid, which can then use the plant's cellular machinery to replicate its own bacterial DNA several times. Plasmids are circular DNA particles that are larger than bacterial chromosomes and can replicate independently of them. Researchers can use the transfer DNA (tDNA) sections of the Ti plasmid to introduce a gene, and the plasmid also contains its own bacterial DNA. (Chawla 2000). This plasmid is significant because it has areas of transfer DNA (tDNA) where a scientist can insert a gene that can be transferred to a plant cell through a process called "floral dip." Floral dip involves immersing flowering plants in a solution containing the desired gene carried by Agrobacterium and then collecting the resulting transgenic seeds directly from the plant. 


This method is considered more favourable because it is a natural way of transmitting. (Chawla 2000). In addition, Agrobacterium is capable of transmitting large fragments of DNA effectively. However, a major drawback of this approach is its inability to infect all major food crops. It is particularly useful for plants that have two seed leaves, such as potatoes, tomatoes, and tobacco plants (Chawla 2000). Tobacco and Arabidopsis thaliana are the most extensively studied genetically modified plants, owing to their well-established transformation protocols and ease of propagation, as they have well-characterized genomes (Koornef and Meinke, 2010). These plants serve as models for other plant species. Additionally, transgenic plants have been utilized for bioremediation of contaminated soil. By expressing bacterial enzyme genes, transgenic plants have been used to remove mercury, selenium, and organic pollutants like polychlorinated biphenyls (PCBs) from soil (Meagher, 2003).

a. Procedure of biolistic method 


Fig 4- Process of the biolistic method 
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b. Agrobacterium mediated gene transfer


Fig 5- Transfer of Agrobacterium-mediated gene 
Viruses usually deliver its own genetic information in to host and is evident means to transfer exogenous gene sequences (i.e., transgenes) to host cells. There are several characteristics of viral gene delivery that determine whether an individual virus may be useful as a gene therapy vector. Virus like caulimoviruses and Gemini viruses are used as gene transfer vector. Over four decades ago, the first transgenic plants with characteristics such as antibiotic and insect resistance were produced(Bevan et al., 1983; Murai et al., 1983; Fraley et al., 1983; Herrera-Estrella et al., 1983). By following intensive scientific inspection and credible  safety evaluation FDA[ food and drug administration] allowed distribution of transgenic tomato variety with retarded maturity (Klee, 1993; Parrott et al., 2010; Giraldo et al., 2019), followed by transgenic crops with insect and herbicide resistance for Gossypium and Zea mays; Glycine max and Brassica napus , these retained marketing approval one after the other (Padgette et al., 1995; Schuler et al., 1998; Bates et al., 2005), and transgenic approach has accelerated crop improvement to meet the requirements of biotic and abiotic resistance, higher yield, and nutritional value (Raymond Park et al., 2011). 
	S.no
	Crop
	Genes involved
	Traits enhanced
	References

	1.
	Innate potato 
Intragenic developed 
	Potato genes involved in defence and quality traits (e.g., PPO, ACO, and GBSS) 
	Reduced bruising and browning, enhanced nutritional quality
	Douches, D. et al ., (2014)

	2.
	Smarthaven apple 
Intragenic developed
	Apple genes involved in reducing browning and fungal resistance
	Non-browning characteristic, reduced susceptibility to fire blight
	Vanderzande, S. et al ., (2017)

	3.
	Honeysweet plum 
Intragenic developed
	Plum genes involved in Plum pox virus resistance
	PPV resistance 
	Scorza, R. et al., (2013)

	4.
	Fortuna potato 
Cisgenic developed 
	Potato genes involved in disease resistance (e.g., Rpi-vnt1.1)
	Resistant to late blight 
	Schouten, H. J. et al (2006)


Table 1- Enhancement of Trait of Different Crops
	S.no
	crop
	Technique utilised
	Gene involved
	Trait enhanced
	References

	1.
	Cotton 
Bt cotton 
	Agrobacterium mediated transfer 
	Bt toxin gene 
	Resistance against lepidopteran insects
	James, C. (2021)

	2.
	Soyabean 
Roundup ready
	Agrobacterium mediated transfer 
	5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) of CP4 strain from Agrobacterium sp
	Tolerance to glyphosate herbicide 
	Funke, T. et al.,  (2006)

	3.
	Golden rice
	Agrobacterium mediated transfer
	Phytoene synthase (psy) from maize and Erwinia uredovora crtl gene
	Enhanced pro- vitamin A
	Potrykus, I.(2001)

	4.
	Rainbow papaya
	Particle bombardment 
	Coat protein gene from papaya ring spot virus 
	Resistance against PRSV
	Gonsalves, D., & Ferreira, S. (2010) 

	5.
	Arctic apple 
	RNA interference 
	Polyphenol oxidase gene suppression 
	Reduced browning 
	Wang, W. et al.,(2017)

	6.
	Innate potato
	RNA interference 
	Silencing of genes responsible for asparagine 
	Reduced concentrations of Asparagine& sugars 
	Suttle, J. C., & Higgins, T. J. (2019)

	7.
	Maize DroughtGard 

	Agrobacterium mediated transfer
	Stress related genes like zmm28 & zmm29
	Drought tolerant 
	Langridge, P., & Reynolds, M. (2020)

	8.
	Canola 
Roundup ready
	Agrobacterium mediated transfer 
	EPSPS genes 
	Glyphosate Herbicide tolerant
	Beckie, H. J., & Warwick, S. I. (2012)

	9.
	Bt- Maize 
	Agrobacterium mediated transfer
	Bt toxin gene
	Resistance against European corn borer & corn Rootworm  
	Pardo-López, L.et al., (2013)

	10.
	Virus resistant squash 
	Agrobacterium mediated transfer
	Coat protein gene from ZYMV
	Resistance to Zucchini yellow mosaic virus 
	Hicks, G. R., & Fuchs, M.(1991)

	11.
	New leaf potato 
	Agrobacterium mediated transfer
	Bt toxin gene
	Resistance to Colorado potato beetle & etc
	Perlak, F. J. et al., (1991)

	12.
	Tomato 
	Agrobacterium mediated transfer
	TMV coat protein genes 
	Resistance to TMV 
	Gonsalves, C., & Cheong, S.-S. (2005)

	13.
	Roundup maize 
	Agrobacterium mediated transfer
	GOX gene from 
O. anthropi
	Glyphosate Herbicide tolerant
	Padgette, S. R. et al., (1995)

	14.
	Sugar Beet
Roundup ready 
	Agrobacterium mediated transfer
	EPSPS genes from Agrobacterium sp. strain CP4
	Glyphosate Herbicide tolerant
	Padgette, S. R. et al., (1995)

	15.
	Virus resistant squash 
	Agrobacterium mediated transfer
	Coat protein gene from watermelon mosaic virus
	Resistance to WMV
	Lampe, J. E. et al., (1989)

	16.
	Alfalfa
Roundup ready 
	Agrobacterium mediated transfer
	EPSPS genes from Agrobacterium sp. strain CP4
	Glyphosate Herbicide tolerant
	Agbagala, B. (2016)

	17.
	Virus resistant plum
	Particle bombardment 
	Coat protein gene from plum pox virus 
	PPV resistant 
	Scorza, R. et al., (2013)

	18.
	Wheat 
Roundup ready 
	Agrobacterium mediated transfer
	EPSPS genes from Agrobacterium sp. strain CP4
	Glyphosate Herbicide tolerant
	Klümper, W., & Qaim, M. (2014)

	19.
	Simplot Innate potato 
	Agrobacterium mediated transfer
	RNA interference (RNAi) of specific potato genes 
	Reduced black spot bruise, reduced browning, and reduced acrylamide production
	Duan, X., Sun, X., & Zhang, Y. (2015)

	20.
	Vistive gold soyabean 
	Agrobacterium mediated transfer
	RNA interference (RNAi) of specific soyabean genes 
	Reduced level of  saturated fatty acids & increased level of monounsaturated fats 
	Howles, P. A., & Ralston, E. (2016)


Table 2- Technique administered for the trait enhancement of different crops
The issue of global food security is a major factor in the United Nations' Sustainable Development Goals, which aim to eliminate hunger by 2030. Despite 88% of countries reporting sufficient food supply, the reality is that one-third of countries have inadequate food supply, resulting in more than 10% of the world's population going hungry. Nutrition plays a crucial role in maintaining good health and meeting food security needs, and governments have conducted several national nutrition surveys to identify malnutrition issues among their populations (Malik and Maqbool 2020).

The primary factor affecting the bioavailability of micronutrients is the type and quantity of food consumed (Gibson, 2007). Malnutrition can manifest in various forms, including undernourishment (such as being underweight, stunted, or wasting), inadequate intake of vitamins and minerals, and being overweight or obese, which can lead to non-communicable diseases related to diet. There are as of now 1.9 billion overweight or stout/ obese people, whereas 462 million are underweight. It was assessed that in 2020, 149 million children beneath the age of five would be hindered, 45 million would be squandered, and 38.9 million would be overweight or hefty [WHO]. Lack of healthy sustenance/ malnutrition would cause approximately around 45% of mortality in children beneath five, especially in moderate and middle-income nations. Tragically, rates of childhood corpulence & overweight are expanding in these similar nations. The burden of malnutrition has significant impacts on development, the economy, and society, affecting individuals, families, communities, and countries. Long-term solutions are needed to address this global issue.
Crop biofortification is the method of upgrading the wholesome esteem of crops, which can be accomplished through conventional or traditional breeding strategies or progressed procedures such as genetic engineering or hereditary building. The aim of biofortification is to extend the characteristic dietary substance of plant-based nourishments rather than relying on artificially fortified foods (Malik and Maqbool 2020). Right now, there are roughly 800 million individuals around the world enduring from lack of healthy sustenance (malnutrition), with nearly all of them dwelling in emergent nations (Sinha et al., 2019). In addition to these approximately 2 billion individuals endure from "hidden hunger," caused by a lack of vital micronutrients in their day-by-day diets (Muthayya et al., 2013; Gillespie et al., 2016, Malik & Maqbool 2020). According to “UN FAO” Countries Nourishment and Agribusiness Association, there are 792.5 million malnourished individuals universally, with vast majority of individuals residing in developing countries (Malik and Maqbool 2020).
Furthermore, despite the increasing production of food crops, approximately 200,000,0000 people globally suffer from "hidden hunger," which refers to a deficiency in essential micronutrients in their daily diet (Malik and Maqbool, 2020). Micronutrient deficiencies have seen a sharp rise in recent years, particularly in underdeveloped nations. The World Health Report (WHR) has identified the most common deficiencies as being related to a lack of essential micronutrients and vitamins, including vitamin A, iron, zinc, and iodine, which significantly contribute to numerous health conditions (Allen et al., 2006). Zinc may be a pivotal component required by the body for different physiological process, such as cell division, cell development & for  resisting invaders into body (Maret and Sandstead, 2006). Inadequately iodine intake affects over two billion individuals around worldwide (Delange, 1994; Zimmermann and Boelaert, 2015).
Triiodothyronine (T3) and thyroxine (T4) are two crucial hormones that play critical parts in controlling digestion system. Inadequately iodine intake can lead to a diminish within the blend of these hormones, affecting thyroid tissue development which leads to a condition known as goitre. Iron is component in each cell of the human body and plays a critical role in different cellular activities. As a key constituent of haemoglobin protein, iron's essential work is to transport oxygen from the lungs to tissues. Furthermore, Iron could be a component of a few chemicals that carry out basic cell process (Jimenez et al., 2015). Vit A, a water- insoluble vitamin essential for maintaining a sound resistant framework, epithelial cell expansion, vision, procreation & gene control (Beyer, 2010). Preschool-aged children, especially in underdeveloped countries, are at the most elevated hazard of vitamin A deficiency. It influences around 100–400 million children globally & 20,000–50,000 pre-schoolers lose their visual perception each year due to this deficiency. Vit B is water-soluble and comes/ available in eight diverse forms viz., B1, B2, B3, B5, B6, B8, B9, and B12. Each of these vitamins plays a imperative part as cofactors in various physiological process like glucose metabolism &  protein Synthesis.
To avoid insufficiency side effects, it is fundamental to devour all eight forms of vitamin B, which are included in various metabolic process, including glucose metabolism and protein amalgamation. Deficiency symptoms vary for each form of vitamin B, and lack of vitamin B can cause joint torment, Skeletal and connective tissue ataxia, destitute recuperation, and a debilitated immune system. Vitamin E, on the other hand, is a fat-soluble vitamin that can be obtained from oil-rich food like peanuts, sunflower seeds, soybeans, and Z. mays. Which can be stored in body tissues as stored fat and doesn’t need to be consumed daily. The every day suggested measurements is 15–22.4 mg. It functions as an antioxidant, controls lipid membrane biogenesis, reduces platelet accumulation, progresses vision, and protects against a variety of disorders like cancer and cardiovascular malady. Vit E insufficiency is common in individuals with metabolic abnormalities and can cause strong shortcoming in muscular functioning, haemolytic anaemia, resistant framework anomalies, neural & ocular problems. The physiological system of humans controls the intake of micronutrients based on its current status. When there's a deficiency of Iron (Fe) or zinc (Zn) the retention of these micronutrients is increased (Hallberg and Hulthen, 2000). Infections and parasites can reduce micronutrient assimilation and increment the hazard of ailing health, whereas deficiency in individuals give rise to susceptible for illnesses and pathogens (Johnson et al., 2008). Nourishment fortress, which involves including basic supplements to nourishment, is an effective way to combat micronutrient deficiency globally  without significantly altering food intake (Allen et al., 2006). Developed nations have broadly adopted food fortification, and emerging nations are considering or implementing similar initiatives (Yip, 1994).
Nourishment fortress programs such as the Food Fortification Program (FFP) and the Global Alliance for Improved Nutrition (GAIN) have been launched in Pakistan, with a focus on fortifying wheat flour and consumable oil with vitamins. Fortress leads to diets that are richer in protein and nutrients. Biofortified crops are a commonsense and astute way to supply micronutrients to people in underdeveloped nations where alternative micronutrient therapy and diverse diets may not be available. Biofortified seeds can indirectly benefit agriculture by providing superior assurance against various biotic and abiotic challenges, leading to  increased yield (Welch and Graham, 2004). According to (Saltzman et al.,2013), biofortification is  a cost-effective, sustainable and long-term arrangement for addressing hidden hunger, because it includes a one-time investment and eliminates the expenses require for progressing costs related with procuring fortificants and including them to nourishment amid handling once the biofortified crops are created.
Fig 6- Process of Biofortification

Hereditary designing in improvement of biofortified of crops:
Genetic engineering strategies have the potential to create novel plant varieties that have desirable attributes or traits. By harnessing a vast array of genes, genetic engineers can   transfer and manifest advantageous traits from one organism to another that are distinct from each other in terms of their evolutionary and taxonomic classification. Additionally, transgenic methods are the only feasible means of enriching crops with specific micronutrients that they cannot produce naturally (Perez-Massot et al., 2013). This has brought about within the advancement of transgenic crops, which include the presentation of unused qualities, enhancement of existing qualities, concealment of certain quality expressions, or obstructions with qualities that repress generation pathways.
Altering the hereditary composition of a cultivated crop can be accomplished by introgression of qualities from a wild crop of the same species or a diverse species that encode for the generation of particular supplements. This may lead to the improvement of a nutrient-dense crop. Another approach is to incorporate several genes that encode for different supplements into a crop to extend its wholesome esteem. An excellent illustration of this is often the creation of golden rice, which has been enhanced with beta-carotene, a forerunner to vit A (Meena et al., 2022). Although rice endosperm does not naturally accumulate carotene, the forerunner molecule, geranylgeranyl pyrophosphate (GGPP), is show within the endosperm. The biosynthetic pathway for carotene was presented into carotenoid-deficient and non-photosynthetic tissues for the primary time by Burkhardt et al. (1997). The phytoene synthase quality from daffodils was introduced into rice (specifically the japonica assortment T309) employing a seed-specific promoter of glutenin (Gt1), resulting the generation of phytoene within the endosperm of the transgenic plants. Maize is a profitable nourishment crop, but its ears have a low beta-carotene concentration (Wong et al., 2004). Scientist have developed genetically modified maize with expanded levels of -carotene by overexpressing the bacterial crtI (phytoene desaturase) and crtB (phytoene synthase) genes under the control of the super g-zein promoter (Zhu et al., 2008). This driven to a 34-fold increment in beta-carotene levels compared to the wild-type. In addition, maize has been genetically engineered to simultaneously target three biosynthetic pathways, resulting in 169-fold more beta-carotene, 6-fold more ascorbate, and twice as much folate as wild-type plants.
This genetically modified corn has the potential to prevent a wide range of micronutrient deficiencies (Naqvi et al., 2009). Studies have demonstrated that the introduction of the PSY1 & CrtI genes into maize come resulted in a 10.8-fold increment in beta-carotene levels compared to wild-type corn (Cong et al., 2009). Furthermore, the co-expression of bacterial CrtB and CrtI genes resulted in an eight-fold increase in beta-carotene content (Wang et al., 2014). Despite serving as a significant source of vitality or energy, tubers of S.tuberosum contain only trace portion of carotenoids, fluctuating from 0.5 to 2.5 mg/g of wet weight (Diretto et al., 2006). Although violaxanthin, xanthophylls, and lutein are the primary carotenoids found in potatoes, they don't display beta-carotene movement (Lee, 2017).
Transgenic strategies have been utilized to upgrade the levels of vitamin E in N.tabacum, maize, and Arabidopsis. The overexpression of HGGT and HPT qualities within the tocochromanol pathway come about in tocochromanol concentrations that were five times higher in N.tabacum leaves, up to 15 times higher in Arabidopsis leaves, and 7–18 times higher in corn grains (Dolde and Wang, 2011; Yang et al., 2011; Tanaka et al., 2015). When PDX1 and PDX2 genes were expressed under the control of the Cam35S promoter in transgenic Arabidopsis, vitamin B6 levels increased significantly, and the size of the aerial organs increased, along with improved resilience to salt stress (Raschke et al., 2011). Similarly, transgenic tomatoes that had expanded fruit-specific expression of GTP cyclohydrolase had higher folate levels (Dela Garza et al., 2004).
Biofortification utilizing plant breeding strategies:
Biofortification is an effective and practical method of supplying essential micronutrients to malnourished populations globally. The process involves developing crops with easily absorbable micronutrients in their edible parts, and it can be achieved through conventional breeding or modern biotechnology methods (Garg et al., 2018). Biofortification is more financially feasible than other fortification technologies since there is no additional expense for purchasing fortificants or adding them to meals once the crop has grown. To improve agricultural productivity with micronutrients, several hybridization and biotech projects are being carried out in underdeveloped nations (Nestel et al., 2006; Garg et al., 2018). 
A viable approach for biofortification of growing crops is selective breeding, which involves crossbreeding of existing micronutrient-enriched cultivars. Molecular marker-assisted selection is being utilised to aid in breeding operations (Meena et al., 2022; Collard and Mackill 2008; Moose and Mumm 2008). This enhances the success of breeding for improving crop nutritional value. However, selective breeding has some drawbacks, such as poor inheritance, a lack of genetic diversity for micronutrients, and linkage drag, making hereditary designing a more efficient procedure for invigorating staple crops.
The transgenic procedure includes embedding genes into the crop's genome to create the required micronutrient, as seen in golden rice (Paine et al., 2005). Furthermore, the crop's genotype can be manipulated to increase vitamin bioavailability by decreasing anti-nutrient content. Numerous crops are currently undergoing biofortification initiatives.
Various transgenic means for biofortification of staple crops:
[bookmark: _Hlk222416040]The use of transgenic technology can be a viable strategy for developing biofortified crops when there is limited genetic diversity in nutrient content among plant species. This method allows for the transfer and expression of desired genes from one plant species to another, regardless of taxonomic or phylogenetic differences. When a crop does not naturally contain a micronutrient, transgenic procedures are the only realistic option for vitamin fortification. The ability to identify and describe gene function, as well as use these genes to design plant metabolism, is critical in the development of transgenic crops. Bacteria and other animal metabolic pathways can also be incorporated into crops to exploit different metabolic pathways. Recent developments in plant biotechnology have enabled researchers to well comprehend plant metabolic reactions, resulting in the ability to increase the amount of micronutrients such as vit A , Zn & Fe in food staples to address nutrient deficiency. Over the past few years, researchers have successfully enriched staple crops with various micronutrients, including iron, zinc, and folate. (Zimmermann and Hurrell, 2002; Wirth et al., 2009; Abid et al., 2017; Storozhenko et al., 2007).
NAS gene family overexpression: -  Nicotianamine (NA) is a widespread agent in higher plants that binds metallic elements, like Zn & Fe which plays crucial role in transporting these elements both over shorter and longer distances. NA synthase (NAS) is an enzyme involved in the production of NA by trimerizing S-adenosylmethionine (Takahashi et al., 2003). In a variety of plant species, including Arabidopsis, rice, maize, and barley, the expression of NAS genes is differentially controlled by metal (Zn and Fe) profiles (Mizuno et al., 2003). Recombinant DNA technology's most common approach for increasing NA concentrations in plants involves overexpressing exogenous or endogenous NAS genes. In both tobacco and Arabidopsis, the overexpression of exogenous HvNAS1 (barley NAS gene) resulted in a significant rise in the concentrations of Zn, Fe, & Cu in the seeds of both plant species (Kim et al., 2005). Different research found that overexpression of HvNAS1 in rice significantly increased the concentration of nicotianamine, resulting in a 15-fold rise collate to the wild type. This increase leads to a 1.5 and 2.5-fold rise in Zn & Fe contents, respectively, in milled rice grains (Masuda et al., 2009). Another approach that resulted in increased Fe and Zn content involved the simultaneous expression of AtNAS1 and ferritin genes, with ferritin expression being limited to the endosperm. Additionally, wheat grains were modified to produce significant levels of Zn and Fe by expressing OsNAS2, the endogenous NAS gene from rice, and Pv Ferritin from beans (Singh et al., 2017).
Reducing the amount of phytic acid consumption: - Phytic acid, also known as phytate, is an anti-nutrient that chelates minerals such as Zn and Fe, leading to their reduced absorption and causing mineral deficiency globally (Zhou and Erdman, 1995). Phytic acid, when combined with metal ions, especially Zn and Fe, in the digestive system, forms insoluble compounds that cannot assimilated in humans due to the absence of intestinal phytase enzyme (Iqbal et al., 1994; Gibson et al., 2010). Furthermore, phytate can form compounds with endogenous minerals such as Zn, decreasing their reuptake into the body. To address mineral deficiency, it is essential to reduce phytic acid in edible parts of staple food crops to enhance nutrient uptake. Research suggests that reduced phytate concentration in the diet is associated with increased bioavailability of zinc (Zn) (Barbro et al., 1985) and iron (Fe) (Hallberg, 1981). Transgenic lines of T. aestivum with phytase have shown to increase zinc bioavailability by 4-115% (Abid et al., 2017).
Transgenic techniques towards the development of edible vaccines in plants: -  Edible vaccines are substitute to conventional vaccinations that can overcome the limitations of traditional vaccines. Vaccine production in facilities was initiated for the first time in 1989 (Hiatt et al., 1989).  Dr. Arntzen and his colleagues proposed utilising transgenic plants as platforms to make and distribute subunit vaccines (Manson and  Arntzen, 1995; Walmsley and  Arntzen, 2000) which proved that this strategy may overcome the limits in traditional vaccine manufacturing (Saxena and Rawat, 2014). Potato, tobacco, rice, and maize have all been chosen as bioreactor plants. The first subunit vaccination was developed in tobacco plants by producing streptococcus mutant surface protein antigens (Saxena and Rawat, 2014). Plants possess the ability to manufacture peptides and pharmaceutical proteins as these are capable of being converted effectively and offer to be a low-cost protein source. Two distinct transformation techniques were frequently used to create recombinant medicines in plants ( Ma and Hein, 1996; Macheteau et al., 1999; Tackett and Manson 1999; cioppa and Grill 1996; Hiatt et al., 1989). These techniques involve Agrobacterium mediated transfer or particle bombardment and recombinant viral vectors that transfer & express genes in host (Dalsgaard et al., 1997; Mushegian and Shepard 1995; Beachy et al., 1996). They also started making hepatitis B and heat sensitive toxin B subunits in potato plants and tubers(Saxena and Rawat, 2014). Transgenic approach for production of edible vaccine may be an acceptable option as plant-based vaccinations are convenient to handle, cost effective, and convenient to produce on a big scale (Penney et al.,2011; Aboul- Ata et al., 2014; Kim et al., 2009).  Many transgenic plants have been utilised to create four types of vaccinations: viral vaccines, bacterial vaccines, immunological contraceptive vaccines, and parasite vaccines (Guan et al., 2013). Plants same as  like bioreactors that can create large volumes of recombinant amino acids that are free of contamination with human or animal germs and may be kept without freezing at a cheap cost. Many recombinant proteins are being produced in plants utilising this method, and the manufacture of protein-based medications has shifted from mammalian, fungal, & bacterial cell culture to plant cell cultures (Lico et al.,2012; Merlin et al., 2014; Twyman et al., 2005).
Transgenic approaches in production of biodegradable plastics :- Plants inherently generate polymers such as cellulose and starch, which can be utilised in the manufacture of plastics. Plants were also used to create novel polymers such as polyhydroxyalkanoates (PHAs) (Poirier, 2001). Transgenic plants have the ability to produce biodegradable polymers such as PHB (polyhydroxybutyrate) and PHV (polyhydroxyValerate). Plants can be considered reusable, flexible, and consonantly viable sources of plantibodies or comestible vaccinations (Hiatt and Pauly, 2006; Stoger et al., 2005), fatty acids and new oils (Dyer et al.,2008; Damude and Kinney,2008), and biodegradable polymers, Coherence between enzymatic activity, Cotton, maize, & Brassica plants have been genetically engineered to produce the world's first plant-based synthesised plastic compounds using transgenic techniques (Avise, 2004). Plant metabolic engineering and the genes involved in PHA production in bacteria are essential for the development of crops that can synthesise biodegradable plastics, which will reduce the dependence on fossil fuels for plastic manufacturing and mitigate the negative impact of plastics on the environment (Houwat and Osowski, 2017).
[image: A diagram of a plant]Novel approach in production of plant grafts using transgenics: -  In fruit tree propagation, grafting is a widely used technique that allows for the choosing of rootstock and scions with distinct desirable traits that would otherwise be difficult or time-consuming to breed into a single cultivar. For instance, grafting enables the combination of high fruit yields with resistance to root pests. While the rootstock and scion communicate with each other by exchanging soluble signals, they still maintain their separate genetic identities (Rugini et al., 2020). Trans-grafting refers to the process of grafting a non-transgenic scion onto a transgenic rootstock. During this process, RNA, hormones, or signalling proteins are transferred through the vascular system, providing beneficial rootstock traits like disease resistance or dwarfism to the scion. However, the leaves, shoots, and fruits of the scion remain free of transgenes. This technique has been studied in various plant species, and researchers have reported success in conferring advantageous traits to the scion while maintaining its genetic integrity. (Albacete et al., 2015; Orbovic, 2019). In apple and grapevine, the technique of trans-grafting has been used successfully. For instance, in apple, the expression of the rolB gene from Agrobacterium rhizogenes in the rootstock led to the dwarfing of non-transgenic scions (Smolka et al., 2010). 

Fig 7- Production of Edible Vaccines in Transgenic Plants

Similarly, non-transgenic grapevine scions were grafted onto rootstocks that expressed an antibacterial peptide and a protein to prevent outer layer of cell  disintegration. The delivery of these proteins to the scion via xylem resulted in improved nutrient and water mobilization, leading to a significant decrease in mortality induced by pathogen up to 95% from 30% (Dandekar et al., 2019). 
[image: ]
Fig 8- Process of Transgrafting with non-transgenic scion and transgenic rootstock
Future scope in transgenics: - The popularity of transgenic crops from 1994 to 2002 demonstrated that adopting genetically engineered crops for commercial production on farmers' fields would offer significant advantages. These benefits include more efficient weed control, reduced losses from insect pests and viruses, and a decreased need for insecticides. Transgenic crops can also have improved shelf life and marketing flexibility, increased nutritional quality, and improved hybrid seed production. In the future, GMO crops will be developed not only for better agronomic qualities but also for characteristics related to food processing, medicines, and speciality chemicals. The development of transgenic rubber trees shows the potential for a range of applications. The market for transgenic crops is predicted to continue to grow, with an estimated value of 6 billion US $ in 2005 & 6872 million US $ by 2007. These objectives will be achieved through continuous efforts in developed and developing nations, requiring the general population and farmers to adapt to this changing environment.
Concerns: - Although genetically engineered crops have the potential to address worldwide food scarcity, there are still concerns about their feasibility for mass production. The expanded cultivation of transgenic crops to combat hunger could have unforeseen effects on the environment and human health. Due to the ongoing debate, the future of genetically modified crops is unclear. Given the planet's increasing population, diminishing arable land, and rapidly changing climate, it is an immediate necessity to develop crops with high yields, enhanced nutritional value, and resilience to various biotic and climatic factors. The use of transgenic technology has enabled the development of crop varieties that exhibit enhanced yield, resistance to biotic and abiotic stresses, and improved nutritional quality. Additionally, the adoption of this technology is estimated to have reduced the need for pesticides and insecticides, while also lowering the environmental impact and increasing farmer income. However, regulatory approval for such crops is only granted after rigorous testing for food/feed safety, including assessments for toxicity, allergenicity, and compositional analysis. Despite these measures, concerns have arisen regarding the environmental and human health risks associated with transgenic crops, such as gene flow, genetic drift, harm to non-target animals, the emergence of resistant weeds and insects, and toxicity and allergenicity. These potential consequences have led to lower consumer acceptance of transgenic crops in many countries. Alternative methods such as cisgenesis, intrageneric breeding, and genome editing are being employed to develop superior agricultural plants that address some of the key concerns associated with transgenic crops. So far, only a few crops, such as a bruise-resistant intragenic potato and a sulfonylurea-tolerant canola produced via oligonucleotide-directed mutagenesis, have been successfully commercialized using these methods, but it is expected that more crops will follow. Genome-edited crops are expected to be approved more quickly due to their similarity to conventionally produced plants, leading to their wider adoption in agriculture.
Conclusion: - nowadays transgenics being booming in many sectors such as medicine where plant is used to produce antibiotics  and enhanced micronutrients meeting the minimum needs of an individual, many individual lives were & will proceed to swayed by transformations in transgenic plant. Transgenic plants provide a novel method for manufacturing and delivering anthropomorphic antibodies. The utilization of genetic engineering in creating biopharmaceuticals like erythropoietin for anemia treatment and insulin for diabetes treatment is widely acknowledged. Upcoming GM plant varieties are intended to be tailored for challenging environments as well as for enhancing nutrient composition, generating medicinal agents, and producing biofuels and energy.
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