REVIEW ON INOMICS

ABSTRACT,

lonomics is a high-throughput elemental profiling technique used to investigate the
molecular mechanisms driving the composition of minerals, nutrients; and trace elements in
living things. The discovery of the gene networks that regulate the ionome has advanced
significantly since the ionomics idea was first proposed more than 11 years ago. In this update,

we provide a summary of the approach’s ten-year progress, which includes
studying natural variation and forward genetics-based gene identification.
We also go over howionomics might be used to study how alleles work

ecologically in terms of environmental adaption.
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INTRODUCTION

"The composition of minerals, nutrients, and trace elements in an organism, and the
inorganic part of cellular and organismal systems™ is the definition of the ionome. (Salt and
others, 2008). Significant advancements have been achieved in the field of

, which combines genetics and high-throughput elemental profiling to
uncover the genes that control the ionome, since the concept of the ionome was initially
presented more than 11 years ago (Lahner gt al., 2003). (Danku et al., 2013).

IMPROTANTEVENTS IN IONOMICS

Combining metabolomics and mineral nutrition is where the concept of plant

originates. It all began with the belief held by Robinson and Pauling in the

late 1960s and early1970s that an organism's metabolite profile is a rich source of information

and a representation of its physiological state. Since the 19th century, when it was first

recognised as a scientific field, significant progress has been achieved in

and comprehending the fundamental biology of nutrient ion

homeostasis in plants (Marschner 2011). The early theories of Robinson and Pauling on

metabolomics may be correlated with mineral ions since a numberof trustworthy technologies
have been created to concurrently the metabolites and
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mineral nutrition components of living beings. This marked the beginning of lon is a reflection
of an organism's physiological state.

The basic biology of nutrient ion homeostasis has been described and understood with
amazing advancement in the notion of the ionome. With the aid of bioinformatics and other
genetic tools, such as sequenced genomes, DNA microarrays, and others,
is now growing stronger every day [12-16]. For the first time, the ionome of Lahner et al.
(2003) contained every metal, metalloid, and non-metal found in an organism. The term
"plant ionome," coinedby Salt and colleagues in 2008, refers to the entire concentration (i.e.,
all forms) of specific elements in a plant tissue sample. It offers both quantitative and
qualitative data regarding thestate of a cell, tissue, or organism's functionality. Research on the
relationships between Whileresearch on the genome, transcriptome, metabolome, proteome,
and metabolome (Leonhardt et al., 2004; Fiehn gt al., 2000; Koller gt al., 2002) is ongoing,
research on the ionome is only getting started (Fleet et al., 2011).

IDENTIFICATION OF IONOMIC GENES BY FORWARD GENETICS

Lahner gt al. conducted a methodical screen for mutants with altered leaf ionomic profiles
(2003). From a screen of 4747 M2 fast neutron (FN) mutant plants, 338 putative mutants with
changes in the leaf accumulation of single or multiple elements were found in this proof-of-
concept screen. After rescreening all M3 families, 51 of these 338 suspected mutations were
shown to be real. A similar extensive screen of 2000 mutagenized M2 Lotus
japonica plants was carried out by Chen et al. (2009). To enable the collection and
examination of thousands of plant samples, plants must be regularly cultivated in various
experimental blocks(such as plant culture trays) over the course of several months in this kind
of extensive studies.Notably, the ionome can change at different growth rates as well.

In the FN-mutated Arabidopsis thaliana screen, each plant growth tray contained the wild
type and the known mutant frd3 as controls. The plants were taken when
they were five weeks old. According to several studies (Rogers and Guerinot, 2002; Green
and Rogers, 2004; Durrett et al., 2007; Roschztardtz et al., 2011; Pineau gt al., 2012), the
citrate transporter encoded by FRD3 is crucial to the Fe deficient response. A mutation in
FRD3 causes an excess of certain metals, such as Mn and Co, to accumulate in leaves
(Delhaize, 1996). Using the leafionome as the phenotype, hierarchical clustering of 44 verified
FN mutants (Lahner et al., 2003) shows that mutant grouping is typically independent of the
plant cultivation tray or the soil batch. Additionally, frd3 cultivated in various growing trays
and soil.

RECENT ADVANCES IN PLANT IONOMIC TECHNIQUES

The previously described element estimate techniques are not capable of studying the
effects of any changes at the cellular or subcellular level in plants and their environment
because they are based on either electronic or nuclear properties. In fact, some of the methods
employed today to prepare samples for research on variations in elemental composition
interfere so much that they upset the internal elemental profile of the cell [17,18]. To
comprehend theprocess and regulation of ion homeostasis, which involves the movement and
storage of a specific ion at the cellular and subcellular levels, new study is nevertheless
required.
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In this situation, synchrotron-based X-ray fluorescence microscopy (SXRF) will be perfect
for providing fundamental answers about metal abundance and could be a very helpful
technology for gathering spatially resolved data metal homeostasis in plants, including the
types of membranes and cellular compartments involved in the uptake, transportation, and
storage of these ions within a cell, among other details. Additionally, Fahrni (2007) gives
information regarding the function of responsible transport systems and how they affect the
element(s)' bioavailability.

SXRF is a multi-elemental method that gathers data on several metals at once without
altering the sample's initial state. With this approach, sample preservation and sectioning are
typically not required. It provides simultaneous quantitative imaging of a greater number of
elements in a non-destructive manner without requiring invasive sample preparation. This
technique requires high-energy, focused X-rays produced at synchrotron facilities in order to
photograph an element in a range of tissues, from moist roots to dried seed (Yang et al. 2012).
The inner shell electrons are excited by an X-ray beam, which finally produces detectable X-
ray fluorescence. This method enables multielement analysis since each element has a distinct
fluorescence spectra (Qin et al. 2011). Using SXRF, Yang et al. (2012) investigated the
distribution of Ca in various seed tissues and cells, realising the potential use of SXRF in spatial
resolution of components at the cellular and subcellular levels from newly harvested,
thoroughly hydrated, or ideally living tissue.

TECHNOLOGY USED IN PLANT ELEMENT PROFILING

Plant necessitates measuring the elements and ion content of the entire
plant, tissue, and even individual cells. Numerous cutting-edge technologies and equipment
are involved, ranging from instruments to sample preparation

techniques. These couldchange based on the variables to be assessed, sample size availability,
sample throughput, dynamic quantification range, sensitivity, accuracy, and dependability.
These instrumental methods used an atom's property to detect things. Certain elements are
based on their electrical properties, while others are based on their nuclear properties. All
methods are categorised intotwo groups based on data from the literature:

(i) methods based on elemental electronic characteristics, such as X-ray fluorescence
spectroscopy (XRF), lon beam analysis (IBA), and atmospheric absorption spectrometry
(AAS).

Techniques based on the nuclear characteristics of elements: inductively coupled plasma
spectroscopy

(if) Analysis of neutron activation (NAA)

USES OF PLANT IONOMICS
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lonomics is to find potential transporter genes and validate their
functionalities in order to comprehend the mechanism of mineral transport in plants.
high-throughput elemental analysis technology in conjunction with genetic
and bioinformatics techniques is necessary. Plant physiological status is assessed, and this
technique identifies biomarkers (ionome profiles) for each status (Baxter 2009). Phylogenetic
study of plant species is anotherapplication for ionomic data (White gt al. 2012). Here, we've
discussed a few applications for researching plant mineral transport and
storage.

» QTL and gene identification

* Gene(s) functional validation

CONCLUSIONS AND PERSPECTIVES

Over the past ten years, has become a potent technique for accurately
identifyingthe genes and gene networks that regulate the homeostasis of minerals, nutrients,
and trace elements. For this kind of achievement, high-throughput elemental profiling
analytical techniques have to be quickly integrated with contemporary molecular genetics.
Gene to function (and publication) can still take a while, but the molecular, cellular, and
physiologicalroles of genes found using this method are beginning to be .
Furthermore, has improved our knowledge of the locus governing
spontaneous ionomic variation. If allelic variants of loci exist, their
ecological roles are still mainly unclear. Following the publication of the 1307 A. thaliana
accessions RegMap panel (Horton et al., 2012), It is now possible to investigate the potential
ecological functions of ionomic loci across the genome thanks to the combination of both
regional and species-wide collections, accurate informationon the collection site of each
accession, and the growing availability of whole-genomesequences of over 1000 accessions

(http://1001genomes. org/). are giving riseto a field of study
that could be called "landscape ionomics,"” which will necessitate the integration of
population genomics, , and field-based ecological investigations.
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