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Abstract

Deficiencies of essential micronutrients such as zinc (Zn) and iron (Fe) are a serious public health
challenge worldwide, contributing to the phenomenon of “hidden hunger” and leading to serious
health consequences including anemia, weakened immunity, and growth disorders. These
deficiencies currently affect about 2 billion people worldwide. These elements play a critical role
in the structure of numerous enzymes and proteins and are essential in vital biological processes
such as cellular respiration, photosynthesis, DNA synthesis, and electron transport, thereby
influencing critical metabolic and physiological processes. Wheat, as one of the primary sources
of nutrition, particularly in developing countries, makes a significant contribution to the energy
and protein supply; however, its grains have low levels of Zn and Fe. Therefore, increasing the
concentration of these elements in wheat grain through genetic biofortification is a sustainable and
economical solution to address the global deficiency of these elements. In recent years, several
studies have investigated the mechanisms of Zn and Fe uptake and transport in plants, the
morphological, physiological, and molecular responses of plants to these element deficiencies, and
the role of rhizosphere microorganisms. Plants employ a range of morphological, physiological,
and molecular strategies to address the deficiency of these elements, thereby enhancing their
absorption and sustaining optimal performance. These mechanisms encompass morphological
changes and root development, secretion of organic acids and solubilizing compounds, coexistence
with rhizosphere microorganisms, regulation of element storage and distribution, synthesis of
antioxidant compounds, and stress responses. Key gene families, such as ZIP, YSL, NAS, and
HMA, are central to the uptake, transport, and storage of these micronutrients in plants, with their
expression regulated by transcription factors including WRKY, bZIP, and NAM-BI1. The
application of innovative genomic technologies, such as QTL mapping, genome-wide association
studies (GWAS), CRISPR/Cas9 gene editing, and genomic selection, has opened up exciting new
horizons for the genetic enhancement of wheat and the improvement of Zn and Fe content stability
in grains. Despite these advances, significant challenges remain, including genetic-environment
interactions, technical limitations of current methodologies, and various social regulatory, and legal
considerations persist. This article provides a comprehensive and in-depth review of the
physiological, molecular, and genomic mechanisms involved in the uptake, transport and
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homeostasis of zinc and iron in wheat, thoroughly addressing the current opportunities, challenges,
and promising future possibilities for genetic biofortification.
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(Connorton et al., 2017)

Figure 1. Fe acquisition strategies in higher plants: Strategy I in nongraminaceous plants (left) and Strategy
IT in graminaceous plants (right). Ovals represent the transporters and enzymes that play central roles in
these strategies, all of which are induced in response to Fe deficiency. Abbreviations: DMAS,
deoxymugineicacid synthase; FRO, ferric-chelate reductase oxidase; HA, H*-ATPase; IRT, iron-regulated
transporter; MAs, mugineic acid family phytosiderophores; NA, nicotianamine; NAAT, nicotianamine
aminotransferase; NAS, nicotianamine synthase; PEZ, PHENOLICS EFFLUXZERQO; SAM, S-adenosyl-
L -methionine; TOM1, transporter of mugineic acid family phytosiderophores 1; YS1/YSL, YELLOW
STRIPE 1/YELLOW STRIPE 1-like
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1- Siderophore
2- Siderophore producing microorganisms
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4- Peroxidase (POD)
5- Ascorbate peroxidase (APX)
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1- Reactive oxygen species

2- Superoxide dismutase (SOD)
3- Catalase (CAT)
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1- Polyphenol oxidase
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1- Next generation sequencing
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