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Abstract

Micronutrient uptake and accumulation traits are inherited. Two distinct biotechnological techniques could be 
used to improve the micronutrient acquisition in crops. One is the use of DNA molecular markers 
(RFLP,RAPD) as genetic tags for the trait in plant breeding programmes and the second is the introduction of 
defined genetic material through transgenic technology. In this reviews, we will summarize current knowledge 
about genes whose products function in uptake, transport and accumulation of micronutrients such as iron, 
zinc, manganese and copper in plants. Several genes have been identified on the basis of function, via 
complementation of yeast mutants, or on the basis of sequence similarity, via databases analysis, degenerate 
PCR. The recent progress in the area of recombinant DNA technologies, is likely to provide us an option to 
improve micronutrient acquisition. 

INTRODUTION

After moisture stress. one of the major abiotic stresses limiting the crop productivity is nutrient 

deficiency. A plant’s ability to absorb nutrients is often limited by the availability and uptake of nutrients at 

the surface of the root and it is likely that deficiencies in micronutrients will severely limit food production 

in developing countries in near future. Production of biomass unit by plants require a definite input of 

specific element, the amount being dependent upon both properties of the plant and conditions of growth. 

several elements  are reported to be below critical levels in the soil around the globe. For example, 25-50% 

of the cropped area of the world is deficient in zinc (Zn). In India alone. 50-75% of the cropped area is 

deficient in Zn (Kumar et al., 2001)

We argue that plants with enhanced micronutrients  acquisition and storages strategies can help us 

to achieve these goal. So an improvement of nutrients acquisition in areas where soil infertility limits crop 

productivity is the most challenging area of research to achieve the sustainable productivity of agricultural 

crops. Progress made in recombinant DNA technology in recent years and the application of molecular 

techniques has advanced our understanding for nutrients acquisition to improve micronutrients uptake and 

utilization in soils with low fertility.

In this review, we present the basic research in the past few years which has enabled us to 

understand the possible molecular mechanisms in nutrient acquisition and metabolism that now forms the 

target in the quest for improved nutrient use efficiency. Keeping in view the importance and complexity in 

acquisition of micronutrients (Fe, Zn , Mn and Cu) by the plants, the discussion is confined to giving a brief 

account of bioavailability, uptake, and storage mechanisms for these microelements and options to develop 

molecular aided selection in breeding programmes and transgenic plants for their increased acquisition.  



MOLECULAR ASPECTS OF MICRONUTRIENTS ACCUMULATION 

Several steps are required to acquire, transport, and accumulation of micronutrients in plants. 

Firstly, nutrients must cross from soil solution across root cell plasma membrane into the roots. Secondly, 

the metals must be loaded into the xylem for transportation to the shoots, in the transpiration stream. Low 

molecular weight metal-chelate molecules such as an amino acid or organic acid mediate xylem loading. 

Thirdly, metals arriving in the shoot must cross the leaf cell plasma membrane and enter the leaf cell. 

Finally, inside the leaf cell the metals are most probably transported to the vacuole. This may also be 

facilitated by low molecular weight metal-chelate.

This general outline of the physiological process and genes (Table1) involved in the acquisition of 

micronutrients such as iron, zinc, manganese and copper will be discussed in the following sections at 

molecular level.

IRON 

Ferric iron (Fe3+) is extremely insoluble at neutral or basic pHs and is the predominant form of 

iron in soil. Thus, before plants can take up iron for transport into the root, they must somehow solubilize 

these ferric iron. Plants solubilize and absorb Fe3+ using one of the following two strategies (Fig.1).

Strategy I

Dicotyledonous and non-graminaceous monocotyledonous plants use this strategy to acquire iron 

that is similar to the system used by S. cerevisiae. Strategy-I plants solubilize Fe3+ by releasing hydrogen 

ions and small organic acids to acidify the rhizosphere. These plants then reduce Fe3+ to Fe2+ through the 

action of enzymes such as Fe3+-chelate reductase, and soluble Fe2+ is available for absorption by the roots 

with the help of Fe2+ transport activities.

Several candidate genes such as frohA, frohB, frohC, and frohD, that may encode Fe (II) reductase 

have been identified in Arabidopsis using degenerate  PCR with primers designed against motifs common 

to the yeast Fe (III) reductase proteins, Fre1p, Fre2p , and Frp1. Each of these froh genes encode a  b-type 

cytochrome. Protons release is also enhanced under Fe deficiency, which lowers rhizosphere pH and 

thereby increases the solubility of Fe (III). There is a large family of H+-ATPase genes in Arabidopsis.

The Arabidopsis IRT1 gene ( for iron regulated transporter ) was isolated because its expression in 

yeast could restore iron-limited growth to a yeast fetr3/fet4 mutant defective in iron uptake (Eide et al., 

1996). Yeast expressing IRT1 possess a novel iron uptake system that is specific for Fe (II) over Fe (III). 

Moreover, IRT1 is expressed in roots and is induced by iron-deficient growth conditions. Based on these 

results, it was proposed that IRT1 is an Fe (II) transporter that takes up iron from the soil. FRT1 is the first 

Fe transporter gene to be isolated form plants, and it provides a useful handle on the mechanism and 

regulation of iron uptake in plants. This gene has led to the discovery of a family of transporters involved in 

metal ion uptake. 



Related family of IRT1-like genes had recently been cloned from A. thaliana. This family includes 

ZIP1, ZIP2, ZIP3, and ZIP4. These genes, along with IRT1, ZRT1, and ZRT2, have been place in the metal 

transporter gene superfamily designed ZIP for ZRT, IRT-like proteins. First three members of ZIP gene 

family – ZRT1, ZRT2, and IRT1 were isolated and characterized. ZRT1 and ZRT2 encode Zn transporters 

in S. cerevisiae (Zhao et al., 1996a,b). ZIP family genes are found in diverse array of eukaryotic organisms. 

Subfamily-I contains genes isolated from plants (currently 13) and two genes from yeast. Subfamily II 

contains genes cloned from animals (currently 11). 

All ZIP proteins are predicted to have eight transmembrane domains. These proteins range from 

309 to 476 amino acids in length, this difference is largely due to the  length between transmembrane 

domains III and IV, designed the ‘variable region’. This region contains a histidine-rich motifs that may 

serve as a metal binding sit. Based on these studies of IRT1 and two ZRT genes, it was proposed that the 

other genes in this family also function as metal transporters.

Strategy II 

Strategy-II plants, the grasses, release phytosiderphores, low molecular weight Fe (III)-specific 

ligands, in response to iron deficiency. Phytosiderphores are a class of metal-chelating compounds 

produced by roots of graminaceous species to enhance the solubility and uptake of certain cationic 

micronutrients in the rhizosphere. These compounds have a high binding affinity for iron (III), and the 

intact phytosiderphores-iron (III) complex is directly transported across the root plasma membrane by 

specialized membrane transport proteins (Von Wiren et al., 1994, 1996)

The first step in phytosiderphores synthesis is the combination of these molecules of S-

adenosylmethionine to form nicotinamine via nicotinamine synthase (NAS). Nicotinamine is the main 

precursor compound for the biosynthesis of the phytosiderphores 2’-deoxymugienic acid and avenic acid. 

All three of these compounds have the ability to chelate iron (III) and are involved in the mobilization of 

iron for uptake into the plants. Several related genes including, NAS1, have been cloned from barley that 

encode nicotinamine synthase enzyme. Expression of the NAS genes is induced in iron-deficient roots, and 

repressed under iron-sufficient conditions. However, NAS gene are not expressed in shoots under either 

iron-deficient or –sufficient conditions (Higuchi et al., 1999) Expression of NAS1 in E. coli was also found 

to be sufficient to allow E. coli to synthesize NA from exogenously supplied S-adenosymthionine.

After formation of NA, NA aminotranferase (NAAT) transfer an amino group to produce an 

unstable intermediate that is rapidly reduced to form deoxymugienic acid. The gene for NAAT has also 

been cloned from barley and is induced by iron deficient (Takahashi et al., 1997)

By using a subtractive hybridization techniques, two other barley genes - ids2 and ids3 - that may 

function in synthesis of mugineic acid have identified (Nakanishi et al. 1993 and Okumura et al., 1994) 

Each encoded a protein with some similarity to 2-oxoglutartgate dioxygenases for the conversions of  

deoxymugineic acid and mugineic acid to epihyroxymugineic acid via hydroxylation.

Iron deficiency is a problem in crop production worldwide particularly in calcareous soil. 

Engineering plants to take up more iron will enable plants to improve the acquisition efficiency of iron in 



the iron-deficient soils. Three billion people worldwide are estimated to suffer from iron deficiency so it 

has obvious benefits for human nutrition. It is important to note that iron is toxic in excess and that is why 

iron uptake is highly regulated to avoid toxicity.

ZINC 

Zinc (Zn) is taken up from the soil solution as a divalent cation. Once taken up, Zn is neither 

oxidized nor reduced. Zn deficiency in soils has been recognized an important problem worldwide. 

Physiologically relevant concentrations of zinc in soils are known to be generally in 1 nM to 1 M. This 

concentration is al least two orders of magnitude lower than the KM determined for the transporters. The 

role of Zn in cells is based on its behavior as a divalent cation that has a strong tendency to form tetrahedral 

complexes. Zn is an essential catalytic component of over 300 enzymes such as alcohol dehyrogenase, 

alkaline phosphotase, Cu-Zn dismutase, and carbonic dehydrogense. It also plays a critical structural role in 

many proteins e.g. several motifs found in transcriptional  regulatory proteins are stabilized by Zn, 

including the Zn finger and Zn cluster domains. Proteins containing these domains are very common.

When soils are Zn-deficient, the plant increases the exudation of low-molecular-weight solutes 

form its roots. In dicotyledonous plants, amino acids, sugars, phenolics, and K+ dominate in rood exudates, 

while in graminaceous plants, the main solutes are the phytosiderphores. The phytosiderphores mainly 

chelate iron, but they also exhibit a low affinity for zinc and the release of these compound may indirectly 

enhance the uptake rate of Zn by increasing their transfer from the solid phase of the soil to the solution and 

subsequently into the plant cell. 

The major thrust in recent years has been in plasma membrane Zn transporters. The first report in 

this area has been in Sachharomyces cerevisiae (yeast) where a gene  ZRT1 (for zinc regulated transporter ) 

was shown to encode a high affinity Zn transporter. The yeast genes ZRT1 and ZRT2 encode proteins 

necessary for high affinity ( KM =1M ) and low affinity ( KM=10M ) plasma membrane zinc transport, 

respectively. The ZRT1 and ZRT2 genes have eight putative transmembrane domains, as well as a putative 

metal-binding domain that is rich in histidine residues. When expressed in a zrt1 mutant, the ZRT1 gene is 

able to restore high affinity zinc transport activity. Similarly, when ZRT2 is expressed I a zrt2 mutant, low 

affinity zinc transport activity is restored (Zhao H and Eide D, 1996a,b) Both transporter are highly specific 

for Zn. The zinc transport activity of zrt1 and zrt2 was also  inhibited by both copper (II), and iron (II) but 

not by cobalt, magnesium, manganese (II),iron (II) or nickel, implying that both transporters are also 

capable of transporting copper (II) and iron (II).

ZIP1, ZIP2 and ZIP3 genes of Arabidopsis were isolated by functional expression cloning, a 

method similar to the one used to isolate IRT1, in a zrt1/zrt2 mutant yeast strain; expression of these genes 

in yeast restored Zn-limited growth to this strain (Fig.2). Each of these three genes plays a role in Zn 

transport in the plant. These represent the first Zn transporter genes to be cloned form any plant species. 



MANGANESE 

Mn is taken into plants as the free Mn2+ ions . Concentrations of Mn can vary greatly in the soil, 

ranging from less than 0.1 M in well-aerated alkaline soils to greater than 400 M in submerged soils        

(Kochian LV, 1991) The Mn concentration required by plants also spans wide range, from 0.01 to 50 M. 

Mn is required for a number of essential processes in plants such as oxygen evolution in photosynthesis 

(enzyme S in Hill reaction), CO2 fixation in C4 and CAM plants (PEP carboxylase), and detoxification of 

oxygen –free radicals (Mn-superoxide dismutase).

Members of the Nramp (natural resistance associated macrophasge protein) family have now been 

implicated in Mn transport in S. cerevisiae (Supek et al., 1996). Two genes, SMF1 and SMF2 were 

originally isolated from yeast mutants that had a lethal mutation in the PEP4 processing enhancing protein 

of mitochondria (West et al., 1992). Both genes were found to encode the plasma membrane localized 

manganese (II) transporters (Supek, et al., 1996). The SMF1 gene encode the high affinity manganese (II) 

transporter, while SMF2 encodes the low affinity manganese (II) transporter.

Proteins of Nramp family contain ten membrane-spanning domains (Fox TC and Guerinot ML, 

1998)  in contrast to the eight membrane spanning domain of protein in the ZIP family. Nramp genes were 

originally found in mammals and yeast, but several representatives have now been cloned from plants. 

Three Nramp genes have been cloned from rice   (Oryza sativa), OsNramp1, OsNramp2 and Osramp3 

(Belouchi et al., 1997). The predicted protein sequences of these genes were found to have high sequence 

identity (65-70%) with Nramp proteins from mammals. They also share the predicted transmembrane

region observed in the mammalian and yeast Nramp proteins. Three Nramp genes have also recently been 

cloned from Arabidopsis thaliana, AtNramp1, AtNramp2 and AtNramp3. Individual expression of each of 

these genes in yeast was able to functionally complement a smf mutation (Thomine et al., 1999). 

Expression of OsNramp1 was found more in roots than shoots, while the expression of OsNramp2 pattern 

was reverse. OsNramp3 is equally expressed in both roots and shoots. In A. thaliana, all three AtNramp 

genes were fond to be equally expressed in roots and shoots (Thomine et al., 1999).  

COPPER

Copper (Cu) levels in soils range from 10-4 to 10-9 M, Most of the copper in the soil solution 

complexed to low molecular weight organic compounds. Plant require from 5 to 20 M g DW-1 Cu, 

depending the species. Cu is a essential redox component required for a wide variety of processes such the 

photosynthesis (plastocyanin), the electron transfer reactions of respiration (cytochrome c oxidase) , the 

detoxification of superoxide radicals (Cu-Zn superoxide dismutase ) and lignification of plant cell was        

(laccase).

A putative Cu transporter from Arabidopsis, encoded by the COPT1 gene, can suppresses the 

growth defects of a yeast ctr1-3 strain that lacks high affinity Cu uptake (Kampfenkel et al., 1995). COPT1 

is not expressed in roots, while expressed in stems, leaves and flowers. So this gene may not be responsible 



for Cu uptake from soil as indicated by the lack of root expression. However, it is not known whether Cu 

deficiency causes an increase in the expression of COPT1 gene in roots.

COPT1 is similar to Ctr1p (49% similarity) and to a newly described human copper transporter, 

hCTR1 (56% similarity) that was also identified by its ability to rescue a yeast ctr1 mutant (Zhou B and 

Gitschier J, 1997). COPT1 (169 aa) and hCTR1 (190 aa) are significantly smaller than Ctr1p (406 aa) 

mainly due to truncations at the N-and C-termini. But, COPT1, similar to Ctr1p and hCTR1, has three 

potential transmembrane domains. All three proteins contains an N-terminal putative metal binding domain 

rich in methionine and serine residues. This metal-binding domain is predicted to lie on the exracellular 

surface and is similar to those found in several bacterial Cu-binding proteins e.g. the CopA and CopB 

proteins from Pseudomonas syringae. Two other genes in yeast (CTR2 and CTR3) and one other gene in 

human ( hCTR2) are similar to COPT1. Ctr2p functions as a low-affinity Cu transporter, while Ctr3p is a 

small, integral membrane protein identified by its ability to restore high-affinity Cu uptake to a ctr1-3 

deficient yeast mutant (Knight et al.,1996). SMF, a Nramp family member, isolated from yeast, has been 

shown to be capable of transporting Cu (II)  in addition to Mn (II) (Liu XF and Culotta VC, 1999b).

VACUOLAR ACCUMULATION 

Little is known about the molecular biology of intracellular nutrient sequestration in plants. At 

present, only 13 genes have been identified as being potential candidate genes encoding transport proteins 

that may be involved in the intracellular transport of nutrients. Four are from mammals (ZnT1-4), two are 

from yeast (COT1 and ZRC1), four are from Arabidopsis thaliana (ZAT and atMTP2-4), and three are 

from Thlaspi goesingense (MTP1-3). All of these proteins have six putative transmembrane domains, a 

histidine-rich region between transmembrane domains four and five, and a long C-terminal tail.

ZnT proteins are distinct from transporters in the ZIP family in that they are involved in effluxing 

metal nutrients out of cells or into intracellular compartments. Two related genes, COT1 (Conklin et 

al.,1992) and ZRC1 (Conklin et al.,1994), have been isolated from yeast. These genes share the six putative 

membrane-spanning domains of the ZnT genes and also the histidine-rich region. A plant homologue of 

ZnT, COT1 and ZRC1 genes has recently been cloned from A. thaliana (Van der Zaal et al.,1999) and 

designed ZAT (for Zinc transporter of Arabidopsis thaliana). ZAT also has six putative transmembrane 

domains, a histidine-rich region, and a long C-terminal tail. This probably belongs to the same gene family. 

A search of A. thaliana genomic sequence database revealed another three homologues of ZAT which have 

designed atMTP(1-3) for A. thaliana metal transport proteins. Recently, three ZAT homologues from metal 

hyperaccumulator species T. goesingense have been cloned (Persans MW et al.,1999b). They are also 

designed  MTP1, MTP2 and MTP3 (for metal transporter protein) and like ZAT, they have six predicted 

membrane-spanning domains.



The ZnT, COT1, ZRC1, ZAT and the MTP gene families are promise candidates for vacuolar 

metal transporters. However, more extensive work is required before ay of  the gene in this family can be 

shown to have a role in the sequestration of micronutrients in the vacuole in plants.

A class of compound that has been shown to be involved in transporting micronutrient across the 

tonoplast membrane into vacuoles are the phytochelatins (Salt DE and Rauser WE, 1995). These small 

molecular weight compounds are synthesized by plants in response to a number of metal nutrients. The 

coordinating atom for the metal in these complexes is sulphur. Phytochelatins are enzymatically 

synthesized from the precursors -glutamylcysteine and glutathione by PC synthase. Recently, genes for all 

the biosynthetic steps required to convert cystein, glutamate and glycine into phytochelatins have been 

cloned.

USE OF BIOTECHNOLOGY TO IMPROVE MICRONUTRIENTS ACQUISITION EFFICIENCY

 Molecular genetic tools have given the researcher the possibility to identify key regulatory steps 

in the acquisition of nutrients by plants. There are now convincing evidences that the genes coding for 

several target traits, mainly the transporters and other mechanisms for nutrients acquisition opens up 

several options to improve nutrient uptake and utilization in soils with low fertility. The transfer of the 

corresponding genes to agriculturally important crops might therefore allow to increase their nutrient 

uptake capacity. Genetic engineering and biotechnology hold great potential for plant breeding as it 

promises to expedite the time taken to produce crop varieties with desirable characters. With the use of 

molecular techniques it would now be possible to hasten the transfer of desirable genes among varieties and 

to introgress novel genes from related or unrelated species (Table 2).

There are two molecular approaches – molecular markers-aided selection in breeding programmes 

and development of transgenic plants (Fig.3) - that are being applied to plant micronutrient trait 

improvement. The research required to implement these strategies is distinct for each, but complementary. 

Before implementing these two approaches, we should achieve a comprehensive understanding of the 

molecular basis for the trait.

USE OF MOLECULAR MARKERS

Many important agronomic traits, including various mineral nutrient uptake and accumulation 

processes, are controlled by multiple genes.  These polygenic characters which were previously very 

difficult to analyze using traditional plant breeding methods, would now be easily tagged using molecular 

markers ( Stuber CW and Philips RL, 1994).

Molecular markers are segments of an organism’s DNA that show genetic variability between 

individuals in the same population or species. Known as polymorphisms, these DNA sites reflect a simple 

but essential fact of heredity. Breeders use DNA markers to direct and verify the movement of useful genes 

and therefore the inheritance of important traits like yield and disease resistance- from one plant generation 



to the next. Marker-assisted or aided selection (MAS), though still not widely practical, allows for precision 

in this molecular juggling act. It also drastically cuts the time needed to create new plant genotypes and 

ultimately new improved varieties. A major reason is that large numbers of segregating progeny do not 

have to be grown to maturity. By examining DNA from very young plants or even cultured tissue, breeders 

can determine in the lab whether the genes that code for desirable traits have been inherited.

Several molecular marker methods used in marker-aided selection are :

 Random amplified polymorphic DNAs (RAPDs)

 Restriction fragment length polymorphisms (RFLPs)

 Sequence tagged sites (STSs)

 Microsatellites or Simple-sequence repeats ( SSRs)

 Amplified fragment length polymorphism (AFLPs)

 Sequence characterized amphlified region (SCARs)

 Expressed sequence tags (ESTs)

These markers methods differ with respect to the type, specificity and volume of genetic data 

generated, lab time required, and the cost of equipment and materials. RFLPs, while highly specific, allow 

only very limited comparison of individuals (two bands on an autoradiograph). RAPDs (10-15 bands) and 

AFLPs (up to 100 bands) are much more sensitive to genetic differences at molecular level. With the 

exception  of RFLPs, all the marker methods listed above use polymerase chain reaction (PCR) to amplify 

the DNA under study. These molecular marker techniques are particularly promising in assisting selection 

for desirable characters and involves the use of these markers using F2 and back cross population, near 

isogenic lines, double haploids, and recombinant inbred lines (Paterson et al., 1991a and 199b).

Progress has been made in mapping and tagging many agriculturally important genes with 

molecular markers which forms the foundation for MAS in crop plants. Molecular tags- a prerequisite for 

MAS, have been developed for many crop plants using different kinds of molecular  markers. Molecular 

markers have several advantages over the traditional phenotypic markers that were previously available to 

plant breeders. They offer great scope for improving the efficiency of conventional plant breeding by 

carrying out selection not directly on the trait of interest but on molecular makers linked to that trait. This 

would require a molecular marker to be tightly linked to the trait of interest e.g. micronutrient uptake and 

accumulation. These markers are not environmentally regulated and therefore unaffected by the conditions  

in which the plants are grown and  are detectable in all stages of plant growth.

Molecular markers could also play a role in the selection of micronutrients efficiency and 

accumulation traits. Due to environmental effects on plant growth and nutrient availability, it is very 

difficult to select for micronutrient uptake characteristics, but molecular markers are a consistent genetic 

property. The feasibility of using molecular markers in breeding for increased micronutrient  density will 

depend upon knowledge of genetic potential of each crop, or a closely related species, and a reasonable 

molecular genetic map for the source of the desired trait. Molecular mapping involves to identify the 

chromosomal location of the genetic locus by finding a restriction fragment length polymorphism (RFLP) 



that   co-segregates with the trait of interest such a micronutrient accumulation. Generally, a single DNA 

marker within 20cM may be considered if closer marker are not available. Two DNA markers that flank the 

region of interest, within 5cM on each side, are ideally developed using available DNA clones from the 

molecular genetic map for that species. Breeders may then select for the DNA markers. So these tightly 

linked molecular markers could speed the process and reduce costs as selection can be made following 

analysis of leaf DNA from young seedlings, so that only the appropriate plants containing the markers and 

grown to maturity.So essential requirement for MAS in a plant breeding programme are:

 DNA markers(s) should co-segregate or be closely linked with the desired trait such as 

uptake and accumulation of micronutrient.

 An efficient means of screening large populations for the molecular markers(s) should be 

available. Currently, this means, relatively easy analysis based on PCR techniques.

 The screening technique should have high reproducibility across laboratories, be 

economical to use and should be used friendly.

USE OF TRANSGENIC TECHNOLOGY

Advancement made in recent years in the area of recombinant DNA technology have provided an 

altogether new dimension to agricultural research. It is now possible to harness genes of economic 

importance form sexually incompatible wide and weedy relatives of crop plants and from related and 

unrelated species and phyla. This has created a situation where the whole biological world is now being 

considered as a ' single gene pool'. The expectation are that in near future, the availability of expanded 

genetic base will provide new and novel genes or gene combinations for accelerating the speed and 

quantum of all rounds growth in agriculture through the use of modern tools of biotechnology.

Plants containing a gene or genes which have been artificially inserted instead of the plant 

acquiring them through pollination is known as transgenic plants or genetically modified or GM crops. The 

inserted gene sequence (known as the transgene) may come form another unrelated plant or from a 

completely different species. Hence, genetic engineering is a specific process in which gene from a species 

are modified or genes from unrelated species can be introduced into the crop species by transformation 

methods, followed by regeneration, which is the subsequent selection in tissue culture of transformed cell, 

under conditions where each  cell will  express its totipotency and finally, form a new viable plant. There 

are three methods for genetic transformation, such as

 Agrobacterium-mediated

 Particle bombardment, and 

 Protoplast fusion

 Plant transformation is generally accomplished using techniques developed from a naturally 

occurring bacterial disease called crown gall. The casual agent, Agrobacterium tumefaciens, transfer some 

of its own DNA into a plant cell nucleus. Subsequent expression of the bacterial genes by the 'transformed' 

plant cell causes it to proliferate into a gall structure and produces a food source for the bacteria. For 



genetic engineering purposes, the A. tumefaciens DNA has been modified so that the genes that cause gall 

formation have been deleted and in their place genes have added to enable selection of plant tissue that 

contains the transferred DNA (T-DNA) along with desired trait gene or genes. Once a desired gene has 

been isolated, the functional region identified and, if necessary, modification made to ensure expression of 

the gene in the new host, the genetic engineering process will result in transgenic plants that contain the 

desired trait. Although broad-host range A.. tumefaciens strains exist, many of the major crop plant 

including most cereals and legumes have only successfully been transformed by alternative methods.

Genetically engineering technology has several advantages over conventional breeding methods 

for crop improvements such as

 the broadening of the germplasm base from which new character can be transferred,

 the ability to repeatedly transfer new genes directly into existing cultivars without many   

                             generations of additional crosses, 

 the ability to transfer discrete gene without many unknown closely linked genes, and 

 the ability to alter gene formulations that will produce new plant characteristics.

Transgenic crops are now being cultivated in as many as 15 countries including 5 developing 

nations with a total area of 44.2 million hectares. During the first generation of the transgenic technology, 

emphasis was laid on the agronomic advantages like resistance  to pests and disease, and tolerance against 

herbicides, but in the second generation of transgenic technology, emphasis is on improvising the quality of 

plant produce such as the improvement of carbohydrates, proteins, oil quality, enrichment of crucial 

vitamins and minerals ( Fe, Zn) composition of stable foods.

IRT1 gene from Arabidopsis is the first transporter gene to be isolated from plants and could be 

used for engineering plants to take up more iron. Two barley genes - ids2 and ids3,  are also good candidate 

to increase the bioavailability of iron in transgenic plants. Several other candidate genes (frohA, frohB, 

frohC, and frohD) that may encode Fe (III) reductase have been identified in Arabidopsis using degenerate 

Polymerase Chain Reaction (PCR) with primers designed against motifs common to the yeast Fe (III) 

reductase proteins (Fre1p, Fre2p, and Frp1) and therefore may be potential candidate genes for developing 

transgenic plants with high iron uptake.  

The uptake of iron in transgenic tobacco was increased by constitutively expressing the yeast Fre2 

gene encoding a ferric reductase. This was related to higher rate of Fe (III)  reduction along the entire 

length of the roods and in the shoots. Transgenic plants were tolerant to iron deficiency and exhibited 50% 

higher Fe concentrations in younger leaves than nontransformed plants when cultivated in a iron-deficient 

medium. This suggests that the Fre2 gene may be used to improve iron uptake in crop plants. 

Use of genes encoding S-adenosymethionine synthase, nicotinamine synthase (NAS) and 

nicotinamine aminotrasferase (NAAT), and a through understanding of phytosiderphores (PS) biosynthesis 

and of the PS cation complex transport mechanism into the cytoplasm may allow the generation of dicot 

plants exhibiting stages II uptake and thus improved iron and zinc uptake. High iron-containing transgenic 

plants have been produced by expression of cDNA coding for ferritin under the control of either 



constitutive    (CaMV 35S) or seed specific promoters. A three-fold greater iron content in rice (Oryza 

sativa) seeds were obtained (Table 3).

Similarly, expression of Zn transporters may lead to increase zinc absorption in roots. Zinc 

transporters genes such as ZIP1, ZIP2, ZIP3, ZIP4, ZRT1, and ZAT could be good potential candidate 

genes to enhance zinc uptake and acquisition for the development of transgenic plants. This type of 

approach could also be evolved by increasing the level of methallothione for high zinc accumulation.

Nramp genes such as OsNramp1, OsNramp2, OsNramp3 (cloned from rice), AtNramp1, 

AtNramp2, AtNramp3 (cloned from Arabidopsis thaliana) has significant potential for genetic 

enhancement of Mn extraction from soil. A COPT1 gene coding a putative copper transporter from 

Arabidopsis thaliana may be a potential candidate for copper uptake.

CONCLUSIONS 

Genetic engineering and biotechnology has great potential for plant breeding as it promises to 

expedite the time taken to produce crop varieties with desirable characters. With the use of molecular 

techniques it would now be possible to hasten the transfer of desirable genes among varieties and to 

introgress novel genes from related or unrelated species. Recent developments in DNA marker technology 

together with the concept of marker-aided selection provide new solutions for selecting and maintaining 

desirable genotype. Once molecular markers closely linked to desirable traits are identified, MAS can be 

performed in early segregating populations and also at an early stages of plant development. It is now 

possible for the breeder to conduct many rounds of selection in a years. Molecular markers technology is 

now integrated into existing plant breeding programmes all over the world to access transfer and combine 

genes at a rate and with a precision not previously possible.

Now, it is also  possible to harness genes of economic importance form sexually incompatible 

wide and weedy relatives of crop plants and from related and unrelated species and phyla. This has created 

a situation where the whole biological world is now being considered as a 'single gene pool'. The 

expectation are that in near future, the availability of expanded genetic base will provide new and novel 

genes or gene combinations for accelerating the speed and quantum of all rounds growth in agriculture 

through the use of modern tools of biotechnology.

There are now convincing evidences that the genes coding for several transporters and other 

proteins for nutrient acquisition opens up many options to improve micronutrient uptake from the soils. 

Genetic engineering and molecular biological techniques have advance our understanding of different 

transport processes in plants and provide adequate insight in the key steps in micronutrients uptake and 

accumulation. Genes encoding diverse transporters have been identifies and isolated from a number of 

organisms. The functional significance species of high and low affinity transporters for micronutrient have 

been cloned and characterized by studying the mutants and over-expression study. Most of the genes 

encoding transporters expressed in roots. But, several intracellular transporter have also been cloned and 



characterized. Improvement of micronutrient acquisition in area where micronutrients deficiency in soils 

limits crop productivity is probably the most challenging and rewarding areas of research to achieve the 

sustainable productivity of agricultural crops.
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