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Abstract 

In various micronutrient-deficient countries, wheat is used as staple food, comprise more than 50% of the diet. 

Like many staple foods, wheat contains low concentration of iron (Fe). About two billion people globally have iron 

deficiency, especially in the regions where staple foods are based on cereal crops such as wheat. Because of high rate of Fe 

deficiency cases, increased Fe intake through staple food has become the main focused research area globally. As wheat is 

main source of protein and dietary energy for human beings, its potential to support reducing malnutrition related to Fe can 

be increased through producing genetically modified wheat varieties with high concentration of Fe. High Fe concentration 

in cereal crop is a major challenge. Even though during wheat is commonly fortify, promising and more long term solution 

is biofortification of wheat, which bases on the production of new wheat varieties with characteristically higher 

concentration of iron. Till now, may researches, which focused on increasing Fe in wheat, aimed at producing natural 

varieties in progenitor or related species. This review focused on the promising and sustainable approaching to maintain the 

improve concentration of iron in wheat. 
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1. Introduction 

For all living organism, Iron (Fe) is an essential 

element as it catalyzes oxidation/reduction reactions. It is 

attached to protein directly or through a sulfur-iron cluster 

or a heme group as a prosthetic group [1]. In 

metalloproteins (e.g. heme-Fe proteins or Fe-S cluster), two 

redox states of Fe exist i.e. if it loses an electron it becomes 

ferrous Fe
2+

 (reduced form) and Fe
3+

 (oxidized form) is 

formed when it gains an electron. These metalloproteins 

perform essential reactions in the plant and animals body, 

such as biosynthesis of lipid, DNA and other metabolites, 

electron transport chain (ETC), photosynthesis and 

respiration and detoxification of reactive oxygen species. 

The cellular reactions that take place in plastids, cell wall, 

cytoplasm and mitochondria need Fe in an adequate 

amount. Hence, Fe involves in wide range of vital processes 

in all living organism and itsdeficiency can lead to a 

number of life threatening diseases [2]. 

Fe deficiency is one of the most widespread and 

most severe nutrient deficiencies intimidating human health 

and affecting approximately two billion people in the world 

[2]. Fe deficiency causes various physiological diseases, 

such as anaemia and neurodegenerative disorders [3]. A 

recent report based on the WHO Database described that 

nearly 1.6 billion people in the world are effected by 

anemia in which pregnant women and pre-school children 

are under a greater risk [4]. Major health concerns 

regarding Fe deficiency are impairments of immune system, 

cognitive function and work capacity as well as maternal 

mortality and increase in infants [5,6]. Countries where 

people have low meat intake and mostly consume staple 

crops are more likely to be affected by Fe deficiency 

diseases. Population including young children, pregnant and 

postpartum are observed to be more severely affected, as 

high Fe is needed for infant growth and during pregnancy 

[2]. By choosing well balanced diet with bioavailable and 

sufficient Fe and by giving good attention to the 

composition of food, human health problem related to Fe 

can be prevented [1]. It is an important and high priority 
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challenge in research area to improve Fe concentration as 

well as its bio-availability [7,8]. 

Several options are there to enrich the food with 

Fe. These approaches have both advantages and short 

comings. By consuming Fe salts and chelate in the form of 

pills, nutrition of Fe in the diet is possible [9]. On the other 

hand, formulations which are suitable to human health are 

not only expensive but also difficult to supply across the 

world especially in underdeveloped areas. Moreover, it 

needs additional system for purchasing, distribution and 

transportation which increases its costs.  

Fortification of food like flour with Fe salt is also 

supposed to be an effective way however, it is dependent 

upon massive industrial processing and distribution [10, 

11]. Food diversification with the aim to improve crops 

such as legume seeds and green leafy vegetables with high 

Fe contents would be desirable and effective. It is a 

simplification of the diet with low diversification which is 

the major cause of deficiency of micronutrients [12]. 

Therefore, biofortified staple crops seem to be an effective 

method to reach people needs even in third world countries 

[13]. Genetic biofortification (plant breeding) and 

agronomic biofortification (application of fertilizers) are the 

approaches which are supposed to be cost-effective to the 

problem [1,14, 15].  

Data relative to Zn biofortification provides 

conclusive evidence in favor of the soil and foliar 

applications of Zn fertilizers. These fertilizers play an 

effective role in improvement of gain concentration of Zn 

[16-19]. On the other hand, Fe fertilizers are not exploited 

to examine their role for improving Fe concentration in 

cereal gains.  All attempts to understand the soil and 

foliar application of Fe fertilizers are aimed at restoration of 

Fe levels, improvement of the yield and reversion of Fe 

deficiency chlorosis. [20-22].   

Fe is known to rapidly convert into unavailable 

forms upon application to calcareous soils and poses poor 

mobility in phloem, soil or foliar Fe. It is for this reason that 

Fe is attributed to be less effective than Zn for enrichment 

of cereal grains  [15, 23].  For instance, the increase in grain 

Fe concentration through foliar spray of FeSO4 or Fe 

chelates has not been recorded to exceed 36% [18] whilst 

the foliar application increases grain Zn concentration to a 

recorded concentration of 2- or 3-fold depending on the 

plant availability of Zn in soils [15,19]. Some independent 

studies have also showed that plants exhibit a lack of 

response to Fe fertilization in terms of grain Fe 

concentration. In more recent studies, it has been exhibited 

that the N status of plant plays a significant role in 

enrichment of ceral grains with Fe. This has been proved 

through molecular evidence exhibiting that the vegetative 

tissue remobilization and trans location of Fe/N/Zn into 

seed are events maintained by similar genetic mechanisms 

[24,25]. This leads to the creation of a positive correlation 

between grain Fe and N levels [26,27]. Studies employing 

the greenhouse and field conditions prove that shoot and 

grain Fe concentrations can be increased through increment 

in soil N application [19,28,29]. Moreover, grain Fe may 

also be enhanced through foliar sprat of urea [29]. It is to be 

noted that in the conditions cited above, the plants were 

studied under varying N concentrations, but none of the 

studies employed soil or foliar applications of Fe fertilizes 

To curb Fe deficiency chlorosis in crop plants, 

various chelated and inorganic forms of Fe fertilizers have 

been employed and tested. Some examples include FeSO4, 

FeEDTA, FeDTPA, FeEDDHA, Fe-citrate and FeIDHA 

(iminodisuccinic acid). Noteworthy in these studies was the 

pressing fact that effectiveness of Fe compounds in 

alleviating Fe deficiency chlorosis remains highly variable. 

The efficiency is dependent on compound stability, 

penetration ability through leaf cuticle and 

mobility/translocation following diffusion into leaf tissue. 

The penetration of Fe within leaf tissue has been stimulated 

and enhanced through addition of urea within the spray 

solution of Fe compounds. Whether the coupled use of urea 

and Fe fertilizers improves the foliar Fe fertilization aimed 

to increase grain Fe levels is an area yet to be understood. 

[1]. 

Another approach of biofortifying wheat and other 

crop plants is through breeding. This can be done by either 

breeding industries or government agencies. Second 

important step is the distribution of these newly bred lines 

and have they accepted by local farmers. In any case, it 

seems that in the underworld population, the prevention of 

deficiency of Fe is strongly dependent on governmental 

administration, regulation regarding the food quality, 

quantity and administration. 

It should be kept in mind that none of the 

treatments mentioned above is cheap yet by considering the 

expenses of preventing diseases like neural dysfunction, 

fatigue and anemia caused by Fe deficiency is greater, than 

the expected cost to prevent these diseases [30]. 

 

2. Biofortification of Wheat with Iron 

Biofortification assigns the natural plant 

enrichment with nutrients and health supporting factors 

during their growth. The focus of biofortification is to breed 

and generate major staple crops that produce edible 

products which are enriched in micronutrients such as 

carotenoids, provitamin A and several other known 

compounds that enhance nutrients efficiency and are useful 

for human health [31]. The biofortification strategies have 

been modified for staple food crops like wheat, maize and 

rice that were, in the past decades, bred for carbohydrates, 
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characteristics processing and their yield. Better lines of 

plants that are gives high yield in the field may have poor 

micronutrient contents in it [14].  

By conventional breeding, plants with high 

micronutrient contents can be produced. Wild varieties with 

high and beneficial micronutrients are selected and crossed 

with genetically superior plant lines. This method is labor 

intensive and can be done by using molecular markers that 

are closely related to the trait of interest. In most favorable 

case, the trait's molecular nature is known and can be 

followed with PCR and sequencing in several breeding 

steps [32,33]. On the other hand, in addition to conventional 

breeding, gene technologies can be used to develop 

biofortified crops with new characteristics. In genetic 

engineering, interested trait is constructed in vitro using 

molecular marker to mix genes and promoters that together 

express the trait. These constructs are then transformed in 

plants, which can be done using Agrobacterium tumefaciens 

or biolistic methods that are based on bombardment of 

DNA on plant cells. The integration of specific gene in 

plant genome is confirmed by its expression and hence, 

these transgenic plants are multiplied [34, 35].  

Various challenges have to be overcome for Fe 

biofortification. These challenges can be acquired if 

scientists master an understanding in plant physiological 

mechanism of metal homeostasis [36].  

At first, there is a need to increase plant's Fe 

uptake. Different methods for Fe mobilization in the soil 

must be used by the plants, depending on the soil 

properties. In this way, plants can get Fe from the soil in 

more soluble form. Secondly, Fe should accumulate in 

plant's edible parts such as fruits and seeds. These plants 

part should also act as Fe sink. Third, the nutrients in these 

edible portions should be in the form that human digestive 

system can digest and use it in a beneficial way [1]. 

Another technique is the conjugation of Fe and 

soluble organic ligands which can increase its 

bioavailability. Some antinutrients such as phytic acid can 

precipitate Fe if not provided with phytase enzyme [1]. 

Experiments to target physiological processes of 

Fe homeostasis are already in process to check the effect of 

biofortification. Furthermore, assays to check the Fe uptake 

from plant food items are available [37, 38]. 

 

3. Iron Biofortification strategies 

3.1 Ferritin content Enrichment  

Ferritins are complex of multi proteins formed by 

peptide chains of ferritin that are arranged in globular 

manner which contain up to 4000 Fe
3+

 ions inside it. They 

can be considered as Fe house of a cell. Presents studies 

suggest that Fe is stored in ferritin for short or long term 

and used for accumulation of protein which contains Fe. In 

this way, during development of plant, ferritin supplies Fe 

and in some species of plant seeds contain high level of 

ferritin-Fe [39,40]. Briat et al[40] suggested that ferritin 

also help to lessen oxidative stress. On the other hand, 

Cvitanich et al[41] reported that it is not necessary that in 

every case high ferritin amount is co localized with high 

level of Fe in seeds. Ferritin localization inside 

mitochondria or plastids and its coat protein makes it a 

separate compound from other Fe-binding components. 

Ferritin is present in all organisms as Fe storage [42-44]. 

In biofortification strategies, ferritin genes are 

used, for example leguminous ferritin genes present in bean 

and soybean, were inserted in other plants and over 

expression of these gene gave accumulation of ferritin 

protein in the plants. Ferritin over expression in cereal 

grains and seeds showed an increased Fe contents in edible 

parts [45,46] though ferritin over expression did not have 

same effect in vegetative tissue [47], in other cases Fe 

deficiency symptoms were observed [48]. Thus over 

expression of ferritin should be studied in detail and at the 

same time it may be needed to increase uptake of Fe to have 

full effectiveness [49].  

3.2 Phytic acid content Reduction  

A successful approach on which Fe biofortification 

can be relied on is the reduction of anti-nutrients 

metabolites (tannins, phenolic polymers and phytic acid) 

which help in forming Fe complex which are insoluble in 

the gut [32].  80 % of the total seed phosphorus content is in 

the form of phytic acid and its dry mass makes rest of the 

seed weight [50]. In globoids of many staple crops seeds 

such as legumes like soybean, aleurone cells and cereal 

embryo, it accumulates in the form of phosphorous and 

mineral storage compounds [51]. The frequency of phytic 

acid in the diet based on plant is supposed to be the major 

reason of Fe deficiency and anemia in developing countries. 

However, argumentatively it is also seen negative to reduce 

phytic acid contents as in balanced diet it enhances immune 

system and prevent kidney stones [52]. By the disruption of 

phytic acid biosynthesis chain, phytic acid contents can be 

reduced which then results in ―low phytic acid‖ (lpa) 

phenotype [53,54]. D glucose- 6-phosphate is a compound 

which synthesizes phytic acid. It is first transformed into 

1d-myo-inositol-3-phosphate [Ins(3)P1] [55].  

Many biochemical pathways are involved in this 

transformation depending upon plant species [51,53]. In 

addition to that, a transporter ABC is required for transport 

and final step compartmentalization which can be disrupted 

to disturb biosynthesis pathway of phytic acid [56]. Many 

mutant lines have been reported in different plant species 

such as wheat [57], maize [58;59], rice [60,61], soybean 

[62,63] and Arabidopsis [64,64]. Although, conventional 

breeding may result in strong reduction and phytic acid and 
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the lpa mutants may also have negative effects such as 

reduced seedling and slow germination which effect on 

growth of the plants. 

By using gene technology, better mutant can be 

developed as the function of the genes responsible for 

phytic acids synthesis can be eliminated. During the life 

cycle of plant, phytic acid can be reduced by using specific 

promoter only in specific organs and phases which allow 

transgenes expression under very controlled conditions 

[66,67]. 

On the other hand, the late stages of the synthesis 

of phytic acid and its transport can be specifically targeted 

in mutants [64]. For example, two genes for inositol 

polyphosphate kinases, ATIPK1 and ATIPK2, in 

Arabidopsis have been disturbed which are needed in the 

last step of the synthesis of phytic acid. It was observed that 

mutant produced had 93% less phytic acid contents as 

compared to controlled groups, while it did not have any 

effect on seed germination and yield.  

As an alternate to this approach depends on plants 

transformation with phytase enzyme which will break down 

the phytic acid as it is synthesized. Phytase enzymes are 

isolated from different micro-organisms. Heat-stability in 

addition to enzyme activity is important standard to 

consider food processing procedure [51,68].  

Hence, many experiments have to follow to 

identify a solution to eliminate negative effects of phytic 

acid as an anti nutrient but also maintain its positive effects 

on growth of plants.  

3.3 Increase of nicotianamine content 

In plants, nicotianamine is an essential compound 

of metal homeostasis. It is derived by a compound S-

adenosyl methionine when an enzyme, nicotianamine 

synthase, acts on it. Depending on the pH of the 

environment, nicotianamine can bind to variety of metals 

including ferric and ferrous. The function of nicotianamine 

regarding Fe, is to confirm Fe solubility in the cell so Fe 

can be used by different compartments of cell. In addition 

to that, nicotianamine is a part of many other essential sub 

processes of plant metal homeostasis such as detoxification 

of metals, intercellular and intracellular transport, uptake 

and mobilization, storage and sequestration. Different 

studies explained the positive effects of nicotianamine on 

uptake of Fe and its accumulation in seeds [69-72]. Thus 

we can consider nicotianamine as an important and 

potential compound for biofortification of Fe in grains and 

seeds of agriculture plants. 

  Lee et al[38] showed, over expression of the 

OsNAS3, which is responsible for the synthesis of 

nicotianamine synthase resulting in increased amount of Fe 

in seeds and leaves of plants and higher nicotianamine-Fe 

content in seeds. Furthermore, it is reported that these 

transgenic seeds provided enhanced source of Fe as 

compare to wild type seeds. Zheng et al[73] demonstrated 

that nicotianamine synthase expression gene OsNAS1 has 

seed specific response as higher amount of nicotianamine 

was found in rice grains. It has been reported that by using 

human cells, transgenic grain performed better Fe 

utilization.  

Other studies also showed that increased 

expression of nicotianamine synthase genes may give 

increased amount of nicotianamine but not necessarily used 

by plants [74].  In an argument, excess amount of 

nicotianamine may limit the Fe availability in apoplast [74]. 

Furthermore, it is observed that over expression of 

nicotianamine synthase resulted in increased amount of Fe 

in leaves but not accordingly in seeds. 

 

4. Other factors affecting bioavailability of Fe 

The techniques mentioned above explained that 

more than one gene can be used to increase the bioavailable 

Fe level. Other multiple factors which are effective for Fe 

bioavailability can be used in combination for further 

advantages. Some approaches have been experimented for 

example Lucca et al [45] stated that a metallotionein and 

bean ferritin were produced containing higher amount of 

Fe, which might be bioavailaible, when rice expressed 

aspergillus phytase. In another study, maize plants were 

created which expressed soybean ferritin and aspergillus 

phytase in the endosperm of kernels at the same time [75]. 

20-70% increased Fe content was found in such plant with 

almost no phyate contents. Very fascinatingly, such kernels 

are proved to be advantageous to human cells in 

bioavailability studies [75]. In another study, rice plants 

were generated which expressed three gene namely; 

Arabidopsis nicotianamine synthase gene AtNAS1, a bean 

ferritin gene and a phytase, simultaneously [76]. 

Combination of nicotiamine and ferritin production in 

excess showed a strong increase of Fe in the grain's 

endosperm which was attained in transgenic technique with 

one gene. 

 

5. Non-Transgenic iron Biofortification 

method 

Non-transgenic approach is an alternative to the 

transgenic approaches. The genetic traits that have ability to 

accumulate high Fe content can be identified and back 

crossed to local varieties. The benefit of this method is that 

there is no supposition trait physiology to be made 

beforehand. With the help of modern DNA sequencing 

technologies, the new genes and alleles of interest can be 

identified in case if transcription factors genes have any 

effect on their expressions [25]. In these cases, the power of 
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natural genetic variation is utilized which is based on the 

natural selection of the best available traits that evolved in 

the germplasm collection, frequently based on the interplay 

of multiple genes and specific alleles (quantitative traits). 

For example, scientist have collected different crops such as 

bean [77], rice [78] and wild wheat [79] to check the 

mineral contents variations in them. Moreover, recombinant 

hybrid line formed from crossing of two distantly related 

lines may help in mapping and identifying of quantitative 

and single trait loci like in Medicago [80] and wheat [81]. 

Different crops such as maize and rice line with novel traits 

have been screened on the basis of Fe uptake and its 

biobioavailability analysis [82]. 

 

6. Conclusion 

Our aptitude to perform basic research and 

experiment on wheat will be extremely significant to 

progress studies and researches in model species. The 

science has been extremely progressive by recent 

developments in mutant catalog, genomic resources and 

transgenic strategies. With the identification of gene or 

genes responsible for the improved production of Fe in 

wheat, the next will be the transfer of the gene in other 

wheat varieties to improve the Fe content in wheat. 

However, there are many challenges to successfully carry 

out these experiments. Despite these challenges it is 

believed that scientist working on wheat now have the 

resources and tools needed to make major improvements of 

Fe concentration in wheat and produce new wheat varieties. 

These new varieties can be significant investment in 

improving the health of billions of people tools to avoid Fe 

malnutrition. 

 

References 

[1]. Schuler Mara and Bauer Petra. Strategies for Iron 

Biofortification of Crop Plants. Food Quality 

Source: InTech. 2012; 2: 953-978. 

[2]. De Benoist, B., McLean, E., Egli, I. and Cogswell, 

M., 2008. Worldwide prevalence of anaemia 1993-

2005. ISBN: 978 92 4 159665 7. 

[3]. Sheftela, A.D., Mason, A.B. and Ponka, P., The long 

history of iron in the Universe and in health and 

disease. Biochim. Biophys. Acta, 2011. pp. 

doi.org/10.1016/j.bbagen.2011.1008.1002. 

[4]. McLeon E, Cogswell M, Egli I, Wojdyla D, de 

Benoist B., Worldwide prevalence of anaemia, WHO 

Vitamin and Mineral Nutrition Information System, 

1993–2005. Pub Health Nutr 2009; 12:444–454 

[5]. Hunt J R., Dietary and physiological factors that 

affect the absorption and bioavailability of iron. Int J 

Vitam Nutr Res 2005; 75:375–84 

[6]. Carter RC, Jacobson JL, Burden MJ, Armony-Sivan 

R, Dodge NC, Angelilli ML, Lozoff B, Jacobson S 

W., Iron deficiency anemia and cognitive function in 

infancy. Pediatrics 2010; 126:427–434 

[7]. Cakmak I, Pfeiffer W H, McClafferty B., 

Biofortification of durum wheat with zinc and iron. 

Cereal Chem. 2010; 87:10– 20. 

[8]. Bouis H E, Welch R M. Biofortification - a 

sustainable agricultural strategy for reducing 

micronutrient malnutrition in the global south. Crop 

Sci.2010; 50:20–32. 

[9]. Yakoob, M.Y. and Bhutta, Z.A. Effect of routine iron 

supplementation with or without folic acid on anemia 

during pregnancy. BMC Publ. Health. 2011; 11: 3-21. 

[10]. Best C., Neufingerl, N., Del Rosso, J.M., Transler, C., 

van den Briel, T. and Osendarp, S. Can multi-

micronutrient food fortification improve the 

micronutrient status, growth, health, and cognition of 

schoolchildren? A systematic review. Nutr. Rev. 2011; 

69:186-204. 

[11]. Huma N., Salim-Ur-Rehman,  Anjum F.M., Murtaza 

M.A. and Sheikh M.A. Food fortification strategy--

preventing iron deficiency anemia: a review. Crit. 

Rev. Food Sci. Nutr. 2007; 47:259-265. 

[12]. Nair, K.M. and Iyengar, V. Iron content, 

bioavailability & factors affecting iron status of 

Indians. Indian J. Med. Res. 2009; 130: 634-645. 

[13]. Bouis, H. E., Hotz, C., McClafferty, B., Meenakshi, 

J.V. and Pfeiffer, W.H. Biofortification: a new tool to 

reduce micronutrient malnutrition. Food Nutr. Bull. 

2011; 32:31-40. 

[14]. White P. J. and Broadley M. R., Biofortification of 

crops with seven mineral elements often lacking in 

human diets – iron, zinc, copper, calcium, 

magnesium, selenium and iodine. New Phytologist. 

2009; 182: 49–84. 

[15]. Cakmak I. Enrichment of cereal grains with zinc: 

agronomic or genetic biofortification? Plant Soil, 

2008; 302:1–17. 

[16]. Peck AW, McDonald GK, Graham RD. Zinc nutrition 

influences the protein composition of flour in bread 

wheat (Triticumae stivum L.). J Cereal Sci 2008; 47: 

266–274. 

[17]. Yilmaz A, Ekiz H, Torun B, Gültekin I, Karanlik S, 

Bagci SA, Cakmak I. Effect of different zinc 

application methods on grain yield and zinc 

concentration in wheat grown on zinc-deficient 

calcareous soils in Central Anatolia. J Plant Nutr, 

1998; 20: 461–471. 

[18]. Zhang Y, Shi R, Md. Rezaul K, Zhang F, Zou C. Iron 

and zinc concentrations in grain and flour of winter 



Ambash Riaz et al / Biofortification of Wheat with Iron                74 

IJASR|VOL 03|ISSUE 07|2017                                                 www.ssjournals.com 

wheat as affected by foliar application. J Agric Food 

Chem. 2010; 58:12268–12274. 

[19]. Cakmak I, Kalayci M, Kaya Y, Torun AA, Aydin N, 

Wang Y, Arisoy Z, Erdem H, Gokmen O, Ozturk L, 

Horst W J. Biofortification and localization of zinc in 

wheat grain. J Agr Food Chem. 2010; 58:9092–9102. 

[20]. Tagliavini M, Abadia J, Rombola AD, Abadia A, 

Tsipouridis C, Marangoni B. Agronomic means for 

the control of iron deficiency chlorosis in deciduous 

fruit trees. J Plant Nutr 2000; 23: 2007–2022. 

[21]. Fernandez V. and Ebert G. Foliar iron fertilization: a 

critical review. J Plant Nutr 2005; 28: 2113–2124. 

[22]. Abadia A, Sanz M, de las Rivas J, Abadia J. 

Correction of iron chlorosis by foliar sprays. Acta 

Hortic, 2002; 594:115– 121. 

[23]. Rengel Z., Batten G. D., Crowley D. E., Agronomic 

approaches for improving the micronutrient density in 

edible portions of field crops. Field Crops Research 

1999; 60: 27–40. 

[24]. Waters BM, Uauy C, Dubcovsky J, Grusak MA., 

Wheat (Triticumaestivum) proteins regulate the 

translocation of iron, zinc, and nitrogen compounds 

from vegetative tissues to grain. J Exp Bot. 2009; 

60:4263–4274. 

[25]. Uauy C, Distelfeld A, Fahima T, Blechl A, 

Dubcovsky J. A NAC gene regulating senescence 

improves grain protein, zinc, and iron content in 

wheat. Science, 2006; 314:1298–1301. 

[26]. Distelfeld A, Cakmak I, Peleg Z, Ozturk L, Yazici 

AM, Budak H, Saranga Y, Fahima T Multiple QTL-

effects of wheat Gpc-B1 locus on grain protein and 

micronutrient concentrations. Physiol Plant. 2007; 

129: 635–643. 

[27]. Cakmak I, Torun A, Millet E, Feldman M, Fahima T, 

Korol A, Nevo E, Braun HJ, Özkan H 

Triticumdicoccoides: an important genetic resource 

for increasing zinc and iron concentration in modern 

cultivated wheat. Soil Sci Plant Nutr 2004; 50:1047–

1054. 

[28]. Shi R, Zhang Y, Chen X, Sun Q, Zhang F, Romheld 

V, Zou C. Influence of long term nitrogen fertilization 

on micronutrient density in grain of winter wheat 

(Triticumaestivum). J Cereal Sci., 2010;  51:165–170. 

[29]. Kutman U B, Yildiz B, Ozturk L, Cakmak I., 

Biofortification of durum wheat with zinc through soil 

and foliar applications of nitrogen. Cereal Chem., 

2010; 87:1–9. 

[30]. Hunt J.M. , Reversing productivity losses from iron 

deficiency: the economic case. J Nutr. 2002; 132: 

794-801. 

[31]. Hirschi, K.D., Nutrient biofortification of food crops. 

Annu. Rev. Nutr., 2009; 29: 401-421. 

[32]. Welch, R.M. and Graham, R.D. Breeding for 

micronutrients in staple food crops from a human 

nutrition perspective. J. Exp. Bot., 2004; 55: 353–364. 

[33]. Tester, M. and Langridge, P.,. Breeding technologies 

to increase crop production in a changing world. 

Science, 2010; 327: 818-822. 

[34]. Shewry, P.R., Jones, H.D. and Halford, N.G., Plant 

biotechnology: transgenic crops. Adv. Biochem. Eng. 

Biotechnol., 2008;  111: 149-186. 

[35]. Sayre, R., Beeching, J.R., Cahoon, E.B., Egesi, C., 

Fauquet, C., Fellman, J., Fregene, M., Gruissem, W., 

Mallowa, S., Manary, M., Maziya-Dixon, B., 

Mbanaso, A., Schachtman, D.P., Siritunga, D., Taylor, 

N., Vanderschuren, H. and Zhang, P., The BioCassava 

plus program: biofortification of cassava for sub-

Saharan Africa. Annu. Rev. Plant Biol., 2011; 62: 251-

272. 

[36]. Hotz C. and McClafferty B., From harvest to health: 

challenges for developing biofortified staple foods 

and determining their impact on micronutrient status. 

Food Nutr. Bull., 2007; 28: S271-279. 

[37]. Maurer, F., Daum, N., Schaefer, U.F., Lehr, C.M. and 

Bauer, P., Plant genetic factors for iron homeostasis 

affect iron bioavailability in Caco-2 cells. Food Res. 

Intl., 2010; 43: 1661-1665. 

[38]. Lee S., Jeon U.S., Lee S.J., Kim Y.-K., Persson D.P., 

Husted S., Schjorring J.K., Kakei Y., Masuda H., 

Nishizawa N.K. and An G., Iron fortification of rice 

seeds through activation of the nicotianamine 

synthase gene. Proc. Natl. Acad. Sci. USA, 2009; 106: 

22014-22019. 

[39]. Briat, J. F., Duc, C., Ravet, K. and Gaymard, F., 

Ferritins and iron storage in plants. Biochim. Biophys. 

Acta., 2010; 1800: 806-814. 

[40]. Briat, J. F., Ravet, K., Arnaud, N., Duc, C., 

Boucherez, J., Touraine, B., Cellier, F. and Gaymard, 

F., New insights into ferritin synthesis and function 

highlight a link between iron homeostasis and 

oxidative stress in plants. Ann. Bot., 2010; 105: 811-

822. 

[41]. Cvitanich C., Przybyłowicz W. J., Urbanski D. F., 

Jurkiewicz A. M., Mesjasz-Przybyłowicz, J., Blair M. 

W., Astudillo C., Jensen, E.Ø. and Stougaard, J., Iron 

and ferritin accumulate in separate cellular locations 

in Phaseolus seeds. BMC  Plant Biol., 2010;  10: 26. 

[42]. Theil, E.C., Iron, ferritin, and nutrition. Annual review 

of nutrition, 2004; 24: 327—343. 

[43]. San Martin, C.D., Garri, C., Pizarro, F., Walter, T., 

Theil, E.C. and Núñez, M.T. Caco-2 intestinal 

epithelial cells absorb soybean ferritin by mu2 (AP2)-

dependent endocytosis. J. Nutr., 2008; 138: 659-666. 



Ambash Riaz et al / Biofortification of Wheat with Iron                75 

IJASR|VOL 03|ISSUE 07|2017                                                 www.ssjournals.com 

[44]. Murray-Kolb, L.E., Takaiwa, F., Goto, F., Yoshihara, 

T., Theil, E.C. and Beard, J.L. Transgenic rice is a 

source of iron for iron-depleted rats. J. Nutr., 2002; 

132: 957-960. 

[45]. Lucca P., Hurrell R. and Potrykus I., Fighting iron 

deficiency anemia with iron-rich rice. J. Am. Coll. 

Nutr., 2002; 21: 184S-190S 

[46]. Goto F., Yoshihara T., Shigemoto N., Toki, S. and 

Takaiwa F., Iron fortification of rice seed by the 

soybean ferritin gene. Nat. Biotechnol., 1999; 17: 282-

286. 

[47]. Drakakaki G., Christou P. and Stöger E., Constitutive 

expression of soybean ferritin cDNA in transgenic 

wheat and rice results in increased iron levels in 

vegetative tissues but not in seeds. Transgenic Res., 

2000; 9: 445-452. 

[48]. Van Wuytswinkel, O., Vansuyt, G., Grignon, N., 

Fourcroy, P. and Briat, J.F., Iron homeostasis 

alteration in transgenic tobacco overexpressing 

ferritin. Plant J., 1999; 17: 93-97. 

[49]. Qu le, Q., Yoshihara, T., Ooyama, A., Goto, F. and 

Takaiwa, F. Iron accumulation does not parallel the 

high expression level of ferritin in transgenic rice 

seeds. Planta, 2005;  222: 225-233. 

[50]. Hurrell R.F., Fortification: Overcoming Technical and 

Practical Barriers. J. Nutr., 2002; 132: 806S—812. 

[51]. Bohn, L., Meyer, A.S. and Rasmussen, S.K., Phytate: 

impact on environment and human nutrition. A 

challenge for molecular breeding. J. Zhejiang Univ. 

Sci. B., 2008; 9:165-191. 

[52]. Shamsuddin, A.M., Demonizing phytate. Nat. 

Biotechnol., 2008; 26: 496-497. 

[53]. Rasmussen, S.K., Ingvardsen, C.R. and Torp, A.M. 

Mutations in genes controlling the biosynthesis and 

accumulation of inositol phosphates in seeds. 

Biochem. Soc. Trans., 2010;  38: 689-694. 

[54]. Raboy, V., The ABCs of low-phytate crops. Nat. 

Biotechnol., 2007;  25: 874-875. 

[55]. Loewus, F.A. and Murthy, P.P.N. myo-Inositol 

metabolism in plants. Plant Sci. 2000; 150: 1-19. 

[56]. Shi, J., Wang, H., Schellin, K., Li, B., Faller, M., 

Stoop, J.M., Meeley, R.B., Ertl, D.S., Ranch, J.P. and 

Glassman, K., Embryo-specific silencing of a 

transporter reduces phytic acid content of maize and 

soybean seeds. Nat. Biotechnol., 2007; 25: 930-937. 

[57]. Guttieri, M., Bowen, D., Dorsch, J.A., Raboy, V. and 

Souza, E., Identification and characterization of a low 

phytic acid wheat. Crop Sci., 2004;  44: 418–424. 

[58]. Raboy, V., Gerbasi, P.F., Young, K.A., Stoneberg, 

S.D., Pickett, S.G., Bauman, A.T., Murthy, P.P., 

Sheridan, W.F. and Ertl, D.S., Origin and seed 

phenotype of maize lowphytic acid 1-1 and low phytic 

acid 2-1. Plant Physiol., 2000; 124: 355-368. 

[59]. Pilu, R., Panzeri, D., Gavazzi, G., Rasmussen, S.K., 

Consonni, G. and Nielsen, E., Phenotypic, genetic and 

molecular characterization of a maize low phytic acid 

mutant (Lpa 241). Theor. Appl. Genet., 2003; 107: 

980–987. 

[60]. Liu Q. L., Xu X.H., Ren X.L., Fu H.W., Wu D.X. and 

Shu, Q.Y., Generation and characterization of low 

phytic acid germplasm in rice (Oryza sativa L.). 

Theor. Appl. Genet., 2007; 114: 803–81. 

[61]. Larson S.R., Rutger J.N., Young K.A. and Raboy V., 

Isolation and genetic mapping of a non-lethal rice 

(Oryza sativa L.) low phytic acid 1 mutation. Isolation 

and geneticmapping of a non-lethal rice (Oryza sativa 

L.) low phytic acid 1 mutation, 2000;  40: 1397–1405. 

[62]. Wilcox, J.R., Premachandra, G.S., Young, K.A. and 

Raboy, V. Isolation of high inorganic P, low-phytate 

soybean mutants. Crop Sci., 2000; 40: 1601–1605. 

[63]. Hitz W.D., Carlson T.J., Kerr P.S. and Sebastian S.A., 

Biochemical and molecular characterization of a 

mutation that confers a decreased raffinosaccharide 

and phytic acid phenotype on soybean seeds. Plant 

Physiol., 2002; 128: 650-660. 

[64]. Stevenson-Paulik, J., Bastidas, R.J., Chiou, S.T., Frye, 

R.A. and York, J.D. Generation of phytate-free seeds 

in Arabidopsis through disruption of inositol 

polyphosphate kinases. Proc. Natl. Acad. Sci. USA, 

2005; 102: 12612—12617. 

[65]. Kim, S.I. and Tai, T.H., Identification of genes 

necessary for wild-type levels of seed phytic acid in 

Arabidopsis thaliana using a reverse genetics 

approach. Mol. Genet. Genom., 2011; 286: 119-133. 

[66]. Kuwano  M., Ohyama A., Tanaka Y., Mimura T., 

Takaiwa F. and Yoshida K.T., Molecular breeding for 

transgenic rice with low-phytic-acid phenotype 

through manipulating myo-inositol 3-phosphate 

synthase gene. Mol. Breed., 2006; 18: 263-272. 

[67]. Kuwano, M., Mimura, T., Takaiwa, F. and Yoshida, 

K.T., Generation of stable 'low phytic acid' transgenic 

rice through antisense repression of the 1D-myo-

inositol 3- phosphate synthase gene (RINO1) using 

the 18-kDa oleosin promoter. Generation of stable 

'low phytic acid' transgenic rice through antisense 

repression of the 1D-myo-inositol3-phosphate 

synthase gene (RINO1) using the 18-kDa oleosin 

promoter, 2009; 7: 96-105. 

[68]. Rao, D.E., Rao, K.V., Reddy, T.P. and Reddy, V.D., 

Molecular characterization, physicochemical 

properties, known and potential applications of 

phytases: An overview. Crit. Rev. Biotechnol., 2009; 

29: 182-198. 



Ambash Riaz et al / Biofortification of Wheat with Iron                76 

IJASR|VOL 03|ISSUE 07|2017                                                 www.ssjournals.com 

[69]. Douchkov D., Hell R., Stephan U.W. and Baumlein 

H., Increased iron efficiency in transgenic plants due 

to ectopic expression of nicotianamine synthase. Plant 

Nutr., 2001; 92: 54-55. 

[70]. Cheng, L. J., Wang, F., Shou, H. X., Huang, F. L., 

Zheng, L. Q., He, F., Li, J. H., Zhao, F. J., Ueno, D., 

Ma, J. F. and Wu, P., Mutation in nicotianamine 

aminotransferase stimulated the Fe(II) acquisition 

system and led to iron accumulation in rice. Plant 

Physiol., 2007; 145: 1647-1657. 

[71]. Klatte M., Schuler M., Wirtz M., Fink-Straube C., 

Hell R. and Bauer P., The analysis of Arabidopsis 

nicotianamine synthase mutants reveals functions for 

nicotianamine in seed iron loading and iron deficiency 

responses. Plant Physiol., 2009; 150: 257-271. 

[72]. Douchkov, D., Gryczka, C., Stephan, U.W., Hell, R. 

and Baumlein, H. Ectopic expression of 

nicotianamine synthase genes results in improved iron 

accumulation and increased nickel tolerance in 

transgenic tobacco. Plant Cell Envir., 2005; 28: 365-

374. 

[73]. Zheng, L., Cheng, Z., Ai, C., Jiang, X., Bei, X., 

Zheng, Y., Glahn, R.P., Welch, R.M., Miller, D.D., 

Lei, X.G. and Shou, H., Nicotianamine, a novel 

enhancer of rice iron bioavailability to humans. PloS 

One, 2010; 5: e10190. 

[74]. Cassin, G., Mari, S., Curie, C., Briat, J.F. and Czernic, 

P., Increased sensitivity to iron deficiency in 

Arabidopsis thaliana over accumulating 

nicotianamine. J. Exp. Bot., 2009; 60: 1249-1259. 

[75]. Drakakaki G., Marcel, S., Glahn R.P., Lund E.K., 

Pariagh S., Fischer R., Christou P. and Stoger E., 

Endosperm-specific co-expression of recombinant 

soybean ferritin and Aspergillus phytasein maize 

results in significant increases in the levels of 

bioavailable iron. Plant Mol. Biol., 2005; 59: 869-880. 

 

 

 

 

 

 

 

 

[76]. Wirth, J., Poletti, S., Aeschlimann, B., Yakandawala, 

N., Drosse, B., Osorio, S., Tohge, T., Fernie, A.R., 

Günther, D., Gruissem, W. and Sautter, C. Rice 

endosperm iron biofortification by targeted and 

synergistic action of nicotianamine synthase and 

ferritin. Plant Biotechnol. J. , 2009; 7: 631-644. 

[77]. Blair M.W., Knewtson, S.J., Astudillo, C., Li, C.M., 

Fernandez, A.C. and Grusak, M.A., Variation and 

inheritance of iron reductase activity in the roots of 

common bean (Phaseolus vulgaris L.) and association 

with seed iron accumulation QTL. BMC Plant Biol., 

2010; 10: 215. 

[78]. Gregorio G.B., Senadhira D., Htut T. and Graham 

R.D., Breeding for trace mineral density in rice. Food 

Nutr. Bull., 2000; 21: 382-386. 

[79]. Chatzav, M., Peleg, Z., Ozturk, L., Yazici, A., 

Fahima, T., Cakmak, I. and Saranga, Y. Genetic 

diversity for grain nutrients in wild emmer wheat: 

potential for wheat improvement. Ann. Bot., 2010; 

105: 1211-1220. 

[80]. Sankaran, R.P., Huguet, T. and Grusak, M.A., 

Identification of QTL affecting seed mineral 

concentrations and content in the model legume 

Medicagotruncatula. Theor. Appl. Genet. 2009; 119: 

241-253. 

[81]. Peleg, Z., Cakmak, I., Ozturk, L., Yazici, A., Jun, Y., 

Budak, H., Korol, A.B., Fahima, T. and Saranga, Y., 

Quantitative trait loci conferring grain mineral 

nutrient concentrations in durum wheat x wild emmer 

wheat RIL population. Theor. Appl. Genet. 2009; 119: 

353-369. 

[82]. Lung'aho, M.G., Mwaniki, A.M., Szalma, S.J., Hart, 

J.J., Rutzke, M.A., Kochian, L.V., Glahn, R.P. and 

Hoekenga, O.A. Genetic and physiological analysis of 

iron biofortification in maize kernels. PLoS One 2011; 

6: e20429. 


