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 Malnutrition has been one of the major global health problems mainly in underdeveloped and 

developing world causing massive economic damage as well as distressing human life.  

Deficiency of useful micronutrients like vitamins and minerals including low level of availabil-

ity of better quality protein causes hidden hunger which can be alleviate with the help of  

genetic bio-fortification of crops. Besides all the challenges, biofortified maize crops like  

quality protein maize along with the provitamin A and Zn hold a great future to address the 

malnutrition challenge combating the deficiency of malnutrtients. This is the most sustainable, 

cost-effective and potentially wide-reaching approach which can bridge the gap between  

agriculture and nutrition. Biofortification can be achieved both by agronomic and genetic  

approaches. The Importance, genetics and potential of bio-fotification is thoroughly reviewed 

to provide useful findings for new readers and researchers. 
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INTRODUCTION 

 

Maize (Zea mays) plays a critical role in meeting the high food 

demand and is globally one of the most widely cultivated crops 

as the land area used for maize grain production and also the 

amount of maize produced per unit area, both have been in-

creasing in recent years (FAOSTAT, 2018). Maize is one of the 

most valuable and important cereal crops all over the world and 

together with rice and wheat, provides at least 30% of the food 

calories to more than 4.5 billion people in 94 developing  

countries. Maize alone contributes over 20% of food calories in 

parts of Africa and Mesoamerica (Shiferaw et al., 2011).  

Malnutrition is estimated to contribute to 45% of all child 

deaths in developing countries. More than 2 billion people do 

not get enough essential vitamins and minerals because their 

diets are not properly balanced which results “Hidden  

hunger” (Bouis and Saltzman, 2017). The deficiencies of Vitamin 

A, iron and zinc are the most widespread health problem which 

causes serious result in higher mortality and morbidity, reduced 

cognitive abilities and lower work performance (Black, 2003). 

Biofortification is a feasible, comparatively inexpensive, promis-

ing, cost-effective and long-term means of providing micronutri-

ents to individuals of different part of the world through  

conventional plant breeding or the use of transgenic techniques 

(Bouis et al., 2011). The potential positive effects of biofortifica-

tion are obvious: if micronutrient-dense staple crops are widely 

grown and consumed by the poor, their nutritional status would 

improve, which could lead to significant health advantages and 

economic benefits (Zipprian, 1999). Lysine and tryptophan are 

the building blocks of protein and are also involved as precur-

sors for several neurotransmitters and metabolic regulators 

(Gupta et al., 2019). Normal maize grain (without biofortifica-

tion) is poor in these two essential amino acids in the  

endosperm but QPM possesses nearly two folds higher amount. 

In the developing countries of Asian regions, Zn deficiency is 

one of the leading health problems especially in children and 

women. Among the different interventions developed in the 

21st century to overcome malnutrition, biofortification is the 

most impactful, practical, convenient, sustainable and accepta-

ble intervention. Among the cereal crops, maize is one of the 
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largely grown and consumed in the regions with prevalent Zn 

malnutrition; therefore, this is a suitable target for Zn biofortifi-

cation (Maqbool and Beshir, 2019). Based on the factors such as 

bioavailability ratio (of 12:1), retention up to 50% after storage/

processing, level of nutrients in the host, food matrix and food 

consumed in the meal, HarvestPlus, a plan of CGIAR 

(Consultative Group on International Agricultural Research), 

has fixed a target of 15 μg/g proA per unit of dry weight of maize 

kernel (Bouis et al., 2011; Pixley, 2013; Owens et al., 2014). 

Though traditional yellow maize contains high kernel carote-

noids, the concentration of provitamin A (proA) is quite low 

(<2µg/g), compared to the recommended level (15µg/g). It also 

possesses poor endosperm protein quality due to the low  

concentration of lysine and tryptophan. A natural variant of 

crtRB1 (β-carotene hydroxylase) and lcyE (lycopene-ε-cyclase) 

cause significant enhancement of proA concentration, while 

recessive allele, opaque2 (o2) enhances the level of these amino 

acids (Zunjare et al., 2018). In the present context, genetic-

engineering based food biofortification is a promising way to 

address the hidden hunger especially, where breeding is not 

rewarding due to lack of genetic variability. Genetic modifica-

tion through gene technology is a swift and accurate method to 

develop nutrient denser crops without any recurrent invest-

ment as compared to different strategies (Kirthee et al., 2019). 

This can have a varied success rate but it have a bright future to 

adress the malnutration challage in long run (Garg et al., 2018). 

 

Maize in the global scenario  

Maize (Zea mays ssp. mays ) which belongs to the tribe Maydae of 

the family Poaceae, was originated in Mexico and Central  

America  (Hossain et al., 2016). Maize (Zea mays L.) is one of the 

oldest florae that humans have domesticated and its success is 

partly due to its high yield, productivity, and its exceptional geo-

graphic adaptability (FAO, 2020). It delivers around 30% of the 

food calories to 4.5 billion people of 94 developing countries 

together with other cereals. Global production of maize has got 

hold of about 1124 million tonnes from 196-million-hectare 

area distributed in as many as 168 countries with the productivi-

ty of 5.71 t ha-1. 1045 million metric tons global production in 

2017-18 providing 15-56% of total calorie intake in  

Sub-Saharan Africa, Latin America, and Asia worldwide due to 

which it is preferred staple food for 900 million people day (Issa, 

2018). Maize comprises approximately 72% starch, 10%  

protein, and 4% fat, contributing an energy density of 365 

Kcal/100 g and is grown throughout the world, with the United 

States, China, and Brazil being the top three maize-producing 

countries in the world, producing approximately 563 of the 717 

million metric tons/year (Ranum et al., 2014). Maize is generally 

categorized into one of two broad groups: yellow and white. 

Yellow maize accounts for the bulk of the total world maize  

market. It is grown in most northern hemisphere countries and 

is predominantly used for animal feed. White maize is produced 

for food in Latin America, Southern Africa, and South Asia under 

a wide range of climate conditions. Market prices are usually 

higher for white than for yellow maize because consumers  

perceive it as a superior-good (FAO, 2020). Global trade of 

maize in 2019 remained around the average of the previous two 

years, with larger export from South America, while wheat  

exports expanded, especially from the European Union, Argenti-

na, and Ukraine (FAO, 2020). Maize production of top maize 

producing countries can be perceived in Figure 1 (USDA, 2020) 

Indonesia will become one of the largest maize importers by 

2021 (4.3Mmt) (Issa, 2018).  

 

Figure 1. Maize production by top producing countries in Million metric tons (Source: FAOSTAT, 2018) 
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Maize in Nepal  

Maize is the second foremost important crop after rice regard-

ing area and production in Nepal (Sapkota and Pokhrel, 2013). In 

the hilly region of Nepal, it is a way of life and also a traditional 

crop grown for food, feed and fodder. The demand of maize has 

been constantly growing by about 5% in the last decades, annu-

ally (Sapkota and Pokhrel, 2013). The area and production of 

maize in 2073/74, 2074/75 and 2075/76 is 924321 ha; 

2336675 mt, 954158 ha; 2555847 mt and 956447 ha; 2713635 

mt respectively. Maize covers about 81% (Mountain- 10.45% 

and Hill- 70.23%) of the total cultivated area in the rain-fed  

ecosystem of the hills and mountain area. (MoAC, 2009). The 

cultivated area of maize in Terai, Mid Hills and High Hills was 

18.47%, 72.96% and 8.57%, respectively. Maize plays a vital role 

in the livelihood of the people living in the hills and mountains of 

the country by contributing about 26.8% of the total food  

requirement among cereals. Maize is grown under rainfed con-

ditions during the summer season (April-August) as a single crop 

or relayed with millet later in the season. Maize can also be 

grown in the winter and spring with irrigation in the Terai,  

Inner-Terai, valleys, and low-lying river basin areas. More than 

two-third of the maize is used for direct human consumption at 

the farm level which is produced in the Mid Hills and High Hills. 

The ratio of human consumption to total production is higher in 

less accessible areas. In Terai, less than 50% of the maize is used 

for human consumption and a major part of the production goes 

to the market (Paudyal, 2001). Maize contributes about 6.88 % 

of the total agricultural GDP supplied to the nation (MoAC, 

2008). The national maize production quantity from 2008 to 

2018 is shown in Figure 2. In 2019, maize production for Nepal 

was 2,550 thousand tonnes. Maize production of Nepal  

increased from 833 thousand tonnes in 1970 to 2,550 thousand 

tonnes in 2019 growing at an average annual rate of 2.64% 

(USDA, 2020). 

 

Importance of maize  

Maize has emerged as a crop of global importance due to its 

multiple ends uses can be processed into a variety of human 

food and industrial goods, including starch, inducements, oil, 

brews, glue, industrial liquor, and fuel ethanol (Ranum et al., 

2014). Moreover, maize serves as a model organism for biologi-

cal research worldwide. It is used for making edible oil and is 

also a significant source of biofuel production in the world 

(Nayava, 2010). In the last 10 years, the use of maize for fuel 

production significantly increased, accounting for approximate-

ly 40% of the maize production in the United States. As the  

ethanol industry absorbs a larger share of the maize crop, higher 

maize prices will strengthen demand competition and could 

affect maize prices for animal and human ingestion. Low produc-

tion costs, sideways with the high consumption of maize flour 

and cornmeal, particularly where micronutrient deficiencies are 

mutual public health teething troubles, make this food staple an 

ideal food vehicle for fortification (Ranum et al., 2014). Maize is 

responsible for over 20 % of total calories in human diets in 21 

countries and over 30 % in 12 countries that are home to a total 

of more than 310 million people (Shiferaw et al., 2011). At pre-

sent, the developed world uses more maize than the developing 

world, but forecasts indicate that by the year 2050, the demand 

for maize in the developing countries will duple owing to the 

rapid growth in the poultry industry, the biggest driver of 

growth in maize production  (Rosegrant et al., 2009; Prasanna, 

2014). The cost-reducing effects of using Quality Protein Maize 

(QPM) in the poultry feed industry in Nepal has been accessed 

(Thapa et al., 2020). 

Figure 2. Trend of Maize production in Nepal (Source: FAOSTAT, 2018). 
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Bio-fortification  

A process of improving the concentration of minerals and vita-

mins in food staples eaten usually by the poor may be either 

through conventional plant breeding or through the procedure 

of transgenic methods is known as bio-fortification (Bouis et al., 

2011). Over the past 15 years, research has demonstrated that 

another strategy, called bio-fortification, is an effective comple-

ment to these approaches in addressing micronutrient deficien-

cy and related health problems (Saltzman et al., 2017). The  

bio-fortification tactic pursues to take advantage of the  

consistent daily consumption of large quantities of food staples 

by all family members, including women and children, who are 

most at risk for micronutrient undernourishment (Bouis et al., 

2011). Bio-fortification can improve the nutritional content of 

the staple foods poor people already eat, providing a compara-

tively inexpensive, cost-effective, sustainable, long-term means 

of delivering more micronutrients to the poor (Kumar et al., 

2019). This approach not only will lower the number of severely 

undernourished people who require treatment by balancing 

interventions, but also will help them maintain improved nutri-

tional status. Moreover, biofortification provides a feasible 

means of reaching malnourished rural populations who may 

have limited access to commercially promoted fortified foods 

and supplements (Bouis et al., 2011). Bio-fortification differs 

from ordinary fortification because it focuses on making plant 

foods more nutritious as the plants are growing, rather than 

having nutrients added to the foods when they are being pro-

cessed. The biofortified seeds can be easily reproduced by poor 

farmers, and thus the seeds are a sustainable means to target 

remote rural communities not served by conventional seed  

markets (Qaim et al., 2007).  

 

Importance of pro-vitamin A bio-fortified maize 

Bio-fortified maize contains enhanced provitamin A concentra-

tions and has been bio efficacious in animal and small human 

studies (Gannon et al., 2014). The main objective of pro-vitamin 

A biofortified maize breeding project high nutrient density must 

be combined with high yields and high profitability with demon-

strable efficacy in reducing VAD which is acceptable to consum-

ers (Bouis and Welch, 2014). Vitamin A deficiency is widely  

prevailing in children and women of developing countries. Lack 

of vitamin A causes night blindness, growth hindrance, xeroph-

thalmia, and increases the proneness against epidemic diseases 

(Maqbool et al., 2018). Pro-vitamin A biofortified maize may 

contribute to alleviating vitamin A deficiency (VAD), in develop-

ing countries (Azmach et al., 2013). However, processing the 

maize into food products may reduce its provitamin A content 

(Kirthee et al., 2013). 

 

Importance of quality protein maize in nutrition security 

Dietary protein and amino acid requirement recommendations 

for normal “healthy” children and adults have varied considera-

bly with 2007 FAO/WHO protein requirement estimates for 

children lower, but dietary essential AA requirements for adults 

more than doubled (Ghosh et al., 2012). Biofortified crops, bred 

for improved nutritional excellence, can alleviate nutritional 

deficiencies if they are produced and consumed in sufficient 

quantities. Under nutrition is a persistent problem in Africa, 

exclusively in rural areas where the poor largely depend on  

staples and have partial access to a diverse diet. Quality protein 

maize (QPM) consists of maize varieties biofortified with  

increased lysine and tryptophan levels. Several studies in  

controlled settings have indicated the positive impact of QPM 

on the nutritional status of children (Akalu et al., 2010). Under 

nutrition was pervasive, and maize was the dominant food in the 

children’s complementary diets. Those major maize producing 

and consuming areas of Africa, home cultivation and use of 

QPM in children’s diets could reduce or avert growth faltering 

and may in some cases support catch-up growth in weight 

(Akalu et al., 2010). To combat protein-energy imbalance, plant 

breeders have developed quality protein maize (QPM) geno-

types by using recessive opaque2 (o2) allele (Mertz et al., 1964) 

in conjunction with endosperm modifiers at CIMMYT, Mexico 

(Vasal et al., 1980).  

 

Breeding for quality protein maize (Zn, protein vitamin  

enriched) 

Quality protein maize (QPM) was the first biofortified crop  

possessing balanced protein having higher lysine and trypto-

phan which has been distributed in Africa using both methods: 

conventional breeding and transgenic techniques (De groote  

et al., 2010). Different breeding strategies including diversity 

analysis, introduction and stability analysis of exotic germplasm, 

hybridization, heterosis breeding, mutagenesis and marker-

assisted selection are practiced for exploring maize germplasm 

and development of pro-vitamin A enriched cultivars (Maqbool 

et al., 2018). Genome-wide association variety and development 

of transgenic maize genotypes are also being practiced, whereas 

RNA interference and genome editing tools could also be used 

as potential strategies for provitamin A biofortification of maize 

genotypes (Shrestha et al., 2016). The use of these breeding 

strategies for provitamin A biofortification of maize is compre-

hensively reviewed to provide a working outline for maize 

breeders (Maqbool et al., 2018) The biofortified maize varieties 

were better sources of most of the essential amino acids  

comparative to the white variety, but, similar to the white 

maize, they were deficient in histidine and lysine (Kirthee et al., 

2013). HarvestPlus seek out to improve and allocate varieties of 

food staples (paddy, wheat, maize, cassava, pearl millet, beans, 

and sweet potato) that are high in iron, zinc, and provitamin A 

through an interdisciplinary, international alliance of scientific 

and technical institutions and implementing assistances in  

developing and developed nations (Bouis et al., 2011).  

The quality of the grains of the biofortified maize varieties was 

superior to that of the white maize grain, although, the bioforti-

fied grains were more prone to fungal attack, emphasizing a 

need to combine the superior nourishing traits of provitamin  

A- biofortified maize with desirable grain quality, especially  

resistance to fungal infection, in a breeding program (Kirthee  

et al., 2013).  
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Zn biofortification of maize could be achieved through agro-

nomic and genetic approaches (Maqbool and Beshir, 2019). Zn 

bioavailability could be increased by reducing the antinutritional 

dynamics or by increasing the bioavailability enhancers. Kernel 

Zn concentration could be improved through hybridization and 

selections, whereas genetically engineered tries for improving 

Zn uptake from soil, loading in xylem, remobilization in grains 

and sequestration in endosperm can additionally improve the 

kernel Zn concentration (Maqbool and Beshir, 2019). (De groote 

et al., 2014) concluded that QPM may prefer for its sensory 

characteristics or, at least, as well acknowledged as convention-

al maize. Information on nutritional benefits increases rural  

consumers’ willingness to pay for it, so information campaigns 

may be effective in increasing demand for QPM varieties.  

However, these varieties need to be competitive for other  

characteristics that rural households value, in particular, field 

and storage qualities. Vivek Maize Hybrid-9 (VH-9), a popular 

single-cross hybrid developed by crossing CM 212 and CM 145 

was released for commercial cultivation in India showed 41% 

increase in tryptophan and 30% increase in lysine over the origi-

nal hybrid. The grain yield of the improved hybrid was on par 

with the original hybrid (Gupta et al., 2013). Using adaptable low 

land tropical germplasm with downy mildew and stalk rot,  

background can be improved disease resistance of susceptible 

populations, both in normal maize and QPM (Denic et al., 2007). 

In Nepal, six genotypes of quality protein maize was evaluated, 

out of which the better genotypes concerning grain yield and 

location were Poshilo Makai-1 and Farmer’s Variety for Doti 

and Rampur whereas SO3TLYQ-AB-01 and S99TLYQ- B for 

Surkhet. Correspondingly SO3TLYQ-AB-01 was superior for 

Pakhribas, SOTLYQ-AB-02 for Lumle and Poshilo Makai-1 and 

S99TLYQ-B for Kabre condition. Therefore these varieties  

concerning their specific adaptation can be suggested for  

common cultivation. 

 

Genetic variation in maize and genetic makeup of biofortified 

maize 

Several carotinoids present in maize are very important for hu-

man health. Scientists have opened about the varieties of maize 

that have naturally high levels of provitamin A (Garg et al., 

2018). Maize shows considerable natural variation for kernel 

carotenoids, with some of the genotypes containing as high as 

66.0 μg/g which includes α and β-carotene and β- cryptoxanthin 

as a vitamin A precursors which are very essential for different 

system in the human body and for the prevention of diet related 

chronic dieaseses (Harjes et al., 2008; Pillay et al., 2011; Pixley, 

2013). In yellow maize kernel, comprising two carotenes, and 

also three xanthophylls, β-cryptoxanthin, zeaxanthin, and lutein 

carotenoids are present (Weber, 1987). In general, provitamin A 

carotenoids constitute 10–20 % of total carotenoids in maize 

with zeaxanthin and lutein each commonly represent 30–50 % 

wheras the quantities of provitamin A in traditional yellow 

maize varieties kernel range from 0.25μg to 2.5μg/g dry weight. 

The concentrations of α-carotene, β-carotene, and β-

cryptoxanthin, range from 0 to 1.3, 0.13 to 2.7, and 0.13 to 1.9 

nmol/g, respectively in a typical maize (Kurilich and Juvik, 

1999). Although β-carotene has the highest provitamin A  

activity, it is present in a relatively low concentration (0.5–1.5 

μg/g) in most yellow maize grown and consumed throughout the 

world (Harjes et al., 2008).  

To alleviate the vitamin A deficiency from rural areas of devel-

oping countries, biofortification of maize of respective regions 

with provitamin A carotenoids is the only feasible way, since this 

has been ensured for the better compliance and target (Watson, 

1962). Based on the factors such as bioavailability ratio (of 

12:1), retention up to 50% after storage/processing, level of 

nutrients in the host, food matrix and food consumed in the 

meal, HarvestPlus, a plan of CGIAR (Consultative Group on In-

ternational Agricultural Research) Nutritionists have estimated 

that 15 μg provitamin A per gram dry weight of kernel could 

greatly alleviate vitamin A deficiency (www.harvestplus.org). To 

meet this target, researchers have been pursuing development 

of proA-rich maize hybrids through different approaches of 

genetic enhancement. In general, tropical maize contains more β

-cyrptoxanthin and less β-carotene then temperate maize and 

because the emphasis was on enhancing β-carotene concentra-

tion, more of the initial breeding source of high provitamin A 

germplasm were selected from temperate regions. Subsequent-

ly, genetic assiociation mapping studies using three diverse 

maize germplasm panels, selected to emcompass a wide range 

of carotinoid contents and ratios, have identified favourable 

alleles of genetic encoding two key enzymes in carotinoid bio-

synthetic pathway. Enhancement in proA in maize can be done 

by favorable alleles of lycopene ε-cyclase (lcyE), phytoene syn-

thase (PSY) and β-carotene hydroxylase1 (crtRB1) genes 

(Harjes et al., 2007; Yan et al., 2010; Babu et al., 2013). 

Germplasm carrying the favourable crtRB1 allele in homozy-

gous form has been identified with β-carotene concentation up 

to 26μg/g DW and total provitamin A as high as 30μg/g DW 

which are currently being used in different breeding  

programmes.  

The availability of a well characterized biosynthetic pathway 

facilitated the identification of genes controlling critical steps in 

the carotenoid biosynthetic pathway in maize (Harjes et al., 

2008; Yan et al., 2010). The breeding strategy involved selection 

for increased flux into the carotenoid pathway at PSY, and  

reducing flux into the α branch towards lutein, which has little 

or no proVA activity, and more into the β side towards β  

carotene and β cryptoxanthin, which have proVA activity 

(Harjes et al., 2008; Yan et al., 2010; Chandler et al., 2013).  

Selection for the favorable allele at the CRTRB1 locus has  

resulted in four times higher proVA content than that resulting 

from the wild type allele (Yan et al., 2010; Babu et al., 2013). Ge-

netic variation at key loci has been exploited through breeding 

to create sufficient diversity, to enable long term genetic gain 

through selection, and reach target levels deemed  

adequate to impact human nutrition  (Dhliwayo et al., 2014; 

Suwarno et al., 2014). 
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Breeding techniques for provitamin A biofortified maize 

Exploiting the existing natural genetic variability for provitamin 

A carotenoids, maize breeders have succeeded in developing =<

­15 μg β-carotene/g dry kernel weight (Yan et al., 2010). The less 

complex nature of control of provitamin A content, high herita-

bility, mode of inheritance regulated primarily by additive  

genetic effects, and the statistically non-significant correlation 

between PVA and agronomic performance suggested that  

concurrent improvements of PVA carotenoids and grain yield 

would be possible (Suwarno et al., 2014; Menkir et al., 2018). 

Considerable efforts have been made to increase the concentra-

tions of PVA carotenoids in maize through conventional and non

-conventional breeding i.e. molecular marker-assisted breeding 

(Pixley, 2013). Practically no distinction could be made between 

conventional and non-conventional breeding strategies because 

these are used interdependently and integratedly viz., marker-

assisted backcrossing is the integration of conventional hybridi-

zation and non-conventional molecular markers. By definition, 

conventional strategies involve breeding methods without the 

use of recombinant DNA technology. However, forced hybridi-

zation breeding methods which involve the wild relatives and 

accelerated mutations methods are also included under conven-

tional breeding strategies (Priya et al., 2013). Conventional 

strategies also permit the manipulation of molecular markers to 

accelerate and precise the breeding efforts. The prevalence of 

natural or induced variation triggers the manipulation of  

convenient selection tools for nutritional improvement of maize. 

Non-conventional strategies involve the manipulations of  

molecular studies for the genetic improvement of crop plants 

(Maqbool et al., 2018).  

DNA markers are derived from molecular genetics and genomic 

studies, and confer a great promise to conventional plant breed-

ing. The utilization of DNA markers for plant breeding is known 

as marker-assisted selection (MAS) which greatly improves the 

precision and efficacy of breeding (Maqbool et al., 2018). Studies 

also proved that colour quantification is not a clear indication of 

b-carotene quantification (Harjes et al., 2008); therefore, the use 

of MAS holds the great practical potential for provitamin A 

breeding of maize. MAS facilitates the selection of targeted 

genes, shortening the duration of varietal development, intro-

gression of desirable trait into agronomically superior variety 

and improvement of nutritional quality in maize (Babu et al., 

2013; Prasanna et al., 2014). Different germplasms have favora-

ble haplotype with modest frequency differences which  

facilitate the selection of donor parents from widely adapted  

resources. MAS for this locus could be used as the alternative 

for the phenotypic selection or color scoring because the pheno-

typic selection is unable to differentiate the carotenoid compo-

sition. Here, PCR-based diversity analysis of provitamin A  

carotenoids is more economical than HPLC analysis of carote-

noids, thus it is more feasible and accessible to exploit MAS in 

developing countries.  

Hence, molecular markers are widely being used for identifying 

provitamin A-enriched parental lines, tracking provitamin  

A-linked alleles during backcross breeding, and expression 

quantification of pro-vitamin A alleles, (Harjes et al., 2008).  

Molecular marker-assisted selection methods are particularly 

useful for improving nutritional traits since conventional breed-

ing methods are relatively constrained by the cost and through-

out nutritional trait phenotyping (Prasanna et al., 2020). Marker

-assisted selection for the desired alleles of key proVA genes 

accelerated genetic gain and allowed to double, sometimes  

triple, the total concentration of proVA (Harjes et al., 2007; Yan 

et al., 2010). The inbreds with elevated lysine, tryptophan, and 

proA concentration can be used for the development of nutrient

-rich maize cultivars in prospect as potential donors and the 

biofortified maize hybrids developed by using marker-assisted 

stacking of o2, crtRB1, and lcyE which is enriched with proA, 

lysine and tryptophan hold greater potential to consecutively 

alleviate protein-energy malnutrition and vitamin A deficiency 

across the globe (Zunjare et al., 2018). HarvestPlus is using the-

se lines to breed high-yielding varieties of biofortified maize 

with higher levels of provitamin A to combat vitamin A deficien-

cy. ProVA donors were crossed with elite germplasm of white 

maize that had high yield potential and good agronomic traits, 

such as disease resistance and drought tolerance 

(Kondwakwenda, 2018). 

 

Breeding for zinc bio-fortified maize 

Zn biofortification of maize could be achieved through  

agronomic and genetic approaches. Discussion of agronomic 

approaches with genetic approaches is a prerequisite because 

soils in developing countries are deficit of Zn and availability of 

Zn in soils is mandatory for estimating the genetic responses of 

maize genotypes through genetic approaches (Maqbool and 

Beshir, 2019). Zn bioavailability could be increased by reducing 

the antinutritional factors or by increasing the bioavailability 

enhancers. Kernel Zn concentration could be improved through 

hybridization and selections, whereas genetically engineered 

attempts for improving Zn uptake from the soil, loading in  

xylem, remobilization in grains and sequestration in endosperm 

can further improve the kernel Zn concentration (Maqbool and 

Beshir, 2019). 

 

Conclusion  

 

Challenges and evolution in agriculture and food production are 

two sides of a single coin. Vitamin A deficiency is a widely preva-

lent health problem that is affecting children and women in  

developing countries. To cope with this challenge, we needed a 

large boost strategy. Bio-fortified staple crops have turned out 

to be the most effective way of supplying higher quality proteins 

as well as micronutrients. Research conducted during the last 

15 years has led to the progress and release of a large number of 

bio-fortified varieties of various food crops in general and also 

in particular cereals. The combinations of nutritional quality 

traits, including QPM, PVA, high-Zn, etc. in both maize grain and 

in fresh corn has consumer appeal, and contributes to national 

initiatives and sustainable development goals for enhancing 

nutrition. The rapid advances that have been made in under-
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standing the genetic control of many macro and micronutrients 

in maize grains, together with the availability of new tools/

technologies such as genomic selection, will accelerate the rate 

of genetic gain for improved nutrient content in maize. Advanc-

es in phenotyping coupled with molecular breeding facilitated 

the achievement of the breeding targets for various nutrients in 

maize. Conclusively, after the huge success of QPM in  

Sub-Saharan Africa, bio-fortified yellow kernel maize rich in 

vitamin A was adopted by the farmers as well as consumers  

resulting in acceptance of pro-vitamin A rich maize hybrids/

composites/synthetics. Marker-assisted selection is a new  

avenue for quicker genetic improvement of traits and to abridge 

the duration of variety development. In the coming years,  

bio-fortification is expected to be increasingly integrated into 

international and national crop development programs, crop 

and food value chains, and national policies and standards. This 

review articulates that the adoption of amenable strategy 

mutual with improved cultivation practices can be the only  

upcoming pathway for human welfare.  
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