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Abstract. Rice being a big staple food, faces many abiotic stresses, resulting in a yield reduction. Iron
(Fe) has many key roles for plants in sustaining growth and production, however, Fe toxicity is a big
threat to rice production worldwide. There are many regulation mechanisms in rice to ensure an adequate
supply of Fe to plant and to prevent deleterious effects. Rice is adopted many physiological and molecular
mechanisms to cope with Fe toxicity in flooded soils, however, rice tolerance to Fe toxicity varies greatly
and this mechanism has not fully understood. Efforts are being made to unfold the genetic basis of Fe
toxicity tolerance in rice. There are many regulators discussed here, which are responsible for Fe uptake
and transport from rhizosphere to the plants. Toxic effects of Fe on rice, the genes advocating the
regulation of Fe, and many quantitative traits loci governing Fe toxicity tolerance in rice are discussed
here. Many putative QTL involved in rice tolerance to Fe toxicity are presented in this review. The
identification of QTL and regulators for Fe toxicity tolerance would be more helpful in regulating Fe
toxicity and developing Fe tolerant lines in rice. More efficient breeding techniques are required to screen
Fe tolerant rice genotypes. This review focused on some possible ways to improve Fe toxicity tolerance in
rice and provide a strong theoretical base for future research.

Keywords: iron; toxicity, genes, QTL, regulation, rice, mapping population

Abbreviations: AB: Abscisic Acid, NSP: Number of spikelet’s/plant, BIL: Backcross inbred lines, OA:
Organic Acid, BRILs: Backcross recombinant inbred lines, QTL: Quantitative trait loci, CC: Chlorophyll
content, RIL: Recombinant inbred lines, Chr: Chromosomes, RL: Root length (cm), Cm: Centimeter,
ROS: Reactive oxygen species, CSSL: Chromosomal segment substitution liens, DH: Double haploid,
RDW: Root dry weight (mg), Fe: Iron, SWC: Shoot water content, GW: Grain weight, SL: Shoot length
(cm), IL: Introgression line, LBI: Leaf bronzing index, MG: Magic population.

Introduction

Rice is the main cereal and staple crop for almost 50% of the world’s population
(Mahender et al., 2019; Rasheed et al., 2020a). Rice yield is expected to increase by
100 tons to feed the 9.1 billion population of the world by 2050 (Jaggard et al., 2010).
Rice crop is facing many abiotic and biotic stresses including drought, heat, salinity,
cold and nutrient deficiencies and most importantly the Fe toxicity (Mahender et al.,
2019; Rasheed et al., 2020b). Fe toxicity is one of the leading restrictions for rice
growth in many soil and a lot of studies have been conducted on understanding the
genetic base of this stress (Bashir et al., 2014; Mahender et al., 2019).
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Fe has many significant functions in rice-like, photosynthesis, homeostasis, and
mitochondrial respiration (Nakanishi et al., 2006; Kim and Guerinot, 2007; Li et al.,
2017). About 18% of soils globally are suffering from Fe toxicity and Fe deficiency
(Saikia and Baruah, 2012; Das and Roychoudhury, 2014; Dufey et al., 2015), which
results in a change in soil pH, soil fertility status and many other alterations in soil
properties (Audebert and Sahrawat, 2000; Audebert, 2006). In many crops 50%
reduction in grain yield has been reported owing to Fe toxicity, however, complete crop
failure has also been observed during the early growth stage. Fe toxicity usually affects
rice shoot length (SL), root length (RL) and also results in leaf bronzing which is a
primary symptom of Fe toxicity in rice (Dufey et al., 2009).

Fe toxicity often occurs in alkaline soils, which leads to rise in pH, an increase in the
amount of calcium carbonate and nitrate, a change in temperature and poor aeration
(Kobayashi et al., 2014; Mongon et al., 2017). Several factors such as poor drainage,
soil organic matter content, more hydrogen sulfides, low soil fertility and genotypes
lead to an increase in available forms of Fe in soil (Chandel et al., 2010; Mahender et
al., 2019). Rice plants adopted several mechanisms to cope with Fe toxicity in soil, like
reducing Fe uptake and chelation through chelating agents, trafficking and storing in
less responsive type, but most important is the expression of resistance genes (Dufey et
al., 2009; Zhang et al., 2017).

QTL mapping is one of the powerful approaches to identify the genes of interest on
the chromosome. In order to locate the gene of interest on chromosome, we need to
screen genotypes of rice against Fe toxicity. A lot of QTL have been reported in rice for
Fe toxicity tolerance using several mapping populations (Jain and Connolly, 2013;
Zhang et al., 2017; Meng et al., 2017). Breeding Fe resistant varieties is an
economically important approach to enhance rice production under Fe toxicity stress
and Fe toxicity is controlled by many genes in rice (Dufey et al., 2012; Wainaina et al.,
2018). A lot of genes have been reported in rice which is responsible for rice tolerance
to Fe toxicity and these genes belong to five major protein families (OsFROs and
OsFERS) (Chandel et al., 2010). Most of QTL reported in rice against Fe toxicity
tolerance belongs to easily measurable traits, like seedling length, root length, seedling
fresh and dry weight (Zhao et al., 2013; Dufey et al., 2015; Liu et al., 2016; Meng et al.,
2017). The understanding of the Fe tolerance mechanism in rice is important to develop
rice varieties tolerant to Fe toxicity. In this review we discussed the recent
advancements on rice tolerance to Fe toxicity and ways to improve rice production in Fe
affected soils and moreover, a view on identified QTL for Fe toxicity tolerance in rice is
also discussed here.

Role of Fe in plants and rice

Fe has many roles in plants such as nutrients transport, mitochondrial respiration,
photosynthesis, regulation of several enzymes and nitrogen assimilation (Bashir et al.,
2010; Wu et al., 2014; Brumbarova et al., 2015). The regulation of protein stability is
also performed by Fe and it also takes part in many chemical reactions such as,
hydration, dehydration, redox-dependent catalysis, photo redox catalysis which detoxify
excessive Fe, thus, Fe is one of the essential mineral element for plants (Zhang et al.,
2013; Jain and Connolly, 2013; Dufey et al., 2015). Fe accelerates many antioxidant
defense mechanisms such as, superoxide dismutase, catalase, polyphenol oxidase which
protects rice plants from oxidative damage, which helps to screen Fe tolerant rice
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cultivars (Saikia and Baruah, 2012; Pennock et al., 2015). The photosynthesis process is
facilitated by Fe; owing to the fact 90% of Fe is present in plastids to maintain the
structural integrity of the thylakoid membrane (Rout and Sahoo, 2015; Mahender et al.,
2019).

Iron toxicity in rice

In the case of Fe toxicity, cell division occurs and leaves turned into white and
results in stunted growth (Vejchasarn et al., 2016; Banakrt et al., 2017). An excessive
amount of Fe results in cellular oxidative damage and leads to several changes in
morpho-physiological and yield traits of rice (Hell and Stephan, 2003; Sikirou et al.,
2015). Iron toxicity lead to blockage of important nutrients essential for rice growth
(Audebert and Sahrawat, 2000; Nughara et al., 2016) and complete crop failure can
occur if Fe toxicity becomes more severe (Audebert, 2006; Li et al., 2016). A surplus
quantity of Fe is firstly responsible for Fenton reaction and it produces hydroxyl
radicals (—OH) and reactive oxygen species (ROS), induce permanent injury to the
membrane lipid, protein and genetic material. The ROS resulting in oxidized
chlorophyll and successively decrease the photosynthesis, and leads to chlorosis (a
major yield-reducing factor) (Mengel, 1995; Onaga et al., 2016).

How Fe toxicity arises is soil

Fe in soil under anaerobic condition converted from Fe®* to Fe?* due to low pH and
becomes toxic for plants. Fe prevalently occurs in the soluble and reduced ferrous form
(Fe?*) due to low soil redox potential arising from anaerobic conditions, which are
developed when soil microorganisms and plant roots deplete oxygen by respiration. The
excessive Fe molecules are transported via xylem flow to the shoot leading to Fe
toxicity which is one of the main nutrient disorder in rice (Frei et al., 2016; Van Ort,
2018).

Iron uptake, transport and assimilation in rice grains

Fe uptake, transport from root to shoot and grain are essential for normal plant
growth. Fe can be transported in various forms through xylem and phloem including
Fecitrate, DMA-Fe (111), and NA-Fe (Il). OsFRDLL1 is involved in Fe homeostasis in
rice via xylem. There are 18 putative YSL family genes in rice, out of them OsYSL5-7, -
14 and -17 are mainly expressed at epidermis, cortex and stele of the Fe sufficient and
Fe deficient rice roots. The expression of OsYSL1-4, 9-11 and -18 was not studied in
roots. OsYSL12 is expressed in cortex and stele in both Fe deficient and sufficient
condition whereas, OsYSL12 is expressed in the cortex and stele under Fe sufficient
OsYSL6 was expressed in the epidermis in under Fe-sufficient condition only (Inoue et
al., 2008). Among these mutant genes, OsYSL2, OsYSL-15 and OsYSL18 have been
studied in detail (Aoyama et al., 2009; Ishimaru et al., 2010). OsYSL15 transports Fe?*-
DMA from the rhizosphere to the roots and is involved in internal Fe homeostasis.
OsYSL15 promoter driven GUS expression was only observed in leaf tissue but also at
the flowering stage (Inoue et al., 2009). These all studies indicated that OsYSL15 is
involved in Fe transport and assimilation in rice grains. OsYSL2 is also involved in Fe
assimilation in rice seeds (Koike et al., 2004). OsYSL15 and OsYSL12 contributed
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widely for Fe translocation during germination. Some of the studies suggested that
OsYSL2 is important for Fe translocation in seeds (Nozoye et al., 2007). Fe distribution
and localization in grains is shown in Figure 1.

Pericarp and testae Dorsal vascular
MNA preduction area DMA production area
NA and DMA production area

Figure 1. Fe distribution, localization in seeds, and production of DMA, and NA, and iron
distribution during germination. Taken from (Bashir et al., 2010)

Iron toxicity tolerance mechanism in rice

Some studies give a shred of evidence; rice can be grown under Fe toxicity
conditions without any loss in yield (Onaga et al., 2013; Mahender et al., 2019). There
are three possible mechanisms of rice tolerance to Fe toxicity are documented;
exclusion of Fe from root, storage in plant parts and tissues (Wan et al., 2003; Miiller et
al., 2015). The genotypes adopted three types of procedures to exclude Fe from roots,
oxidation of Fe from root which result in low concentration of Fe in nutrient solution,
elimination of Fe at root surface, and most remarkable strategy adopted by rice
genotypes is formation of aerenchyma and lateral roots which provided low resistant
pathway for oxygen transport into rhizosphere where iron is oxidized into less toxic
form (Wu et al., 2019; Mahender et al., 2019). Many studies evidenced the tissue
tolerance mechanism for rice tolerance against Fe toxicity (Hosseni et al., 2012; Muller
et al., 2015; Frei et al., 2016), which is regulated by nitrous oxide signaling pathway,
signaling storage proteins and enzymes, reactive oxygen species (ROS) and hormones
etc. ROS are neutralized by nitrous oxide by its function (Darbani et al., 2013; Onaga et
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al., 2016). Nitrous oxide also regulates, kinase protein, calcium, cycling GMP, cyclic
ADP-Rib, via S-nitrosylation of Cys deposits (Besson-Bard et al., 2009). N.O also
mediates Fe storage protein (ferritin) at both messenger RNA and protein level and an
ARFAT an auxin-responsive element described which represented in 400 up-regulated
genetic factors below Fe harmfulness (White and Brown, 2010). This mechanism is still
unclear that either Fe regulates this auxin signaling protein or it is independent of Fe
modulation and further studies are required on this aspect.

Iron storage in sub-cellular compartments

Once Fe is entered into the cell, there are certain steps inside the cell to stop Fe or
mediate its toxicity. Many scavenging elements like nitrous oxide, DMA act as
chelators of Fe and started scavenging of Fe at a sub-cellular level by forming a
complex (Onaga et al., 2016). In rice the transporters of metals at inter and intracellular
levels are categorized as in natural resistance-related protein (macrophage NRAMP) for
cation carrier (Takahashi et al., 2011, Tan et al., 2019). OSNRAMPL is up-regulated by
deficiency of Fe and OsNRAMP7&8 showed a negative association with Fe
concentration in shoots. OsNRAMP1 most likely work as metal efflux carrier
contributing in the transfer of metals from the section of vacuole to cystol and,
OsNRAMP7, OsNRAMP8 play role as metals influx protein which worked as
sequestration of metals in the vacuole (Ogo et al., 2014). OSNRAMP6 is regulated with
OsVIT1 in rice grown under surplus iron (Vivitha et al., 2017; Mahender et al., 2019).
This showed that NRAMPG6 is responsible for transfer of Fe from cell to vacuoles and
chloroplast, thereby increasing Fe toxicity tolerance in rice. OsVIT2 is up-regulated in
rice shoot and root in reaction to excessive Fe (Bashir et al., 2014), proposing that
OsVITI & OSVIT2 had a function in the compartmentalization of Fe (Wu et al., 2019).
The transporter VIT1 has been studied to be functional by organizing with AINRAMP3
and AtNRAMP4; the two isologs of Arabidopsis on the surface of the vacuolar
membrane of roots and shoots under Fe deficiency (Onaga et al., 2016). OsVIT1 and
OsVIT2 are more functional in rice when rice is grown under Fe toxicity stress. OsVIT1
and OsVIT2 are congested in rice under Fe shortage (Zhang et al., 2013). The
unpredictable function of transporter (VIT1) in Arabidopsis and rice showed that VIT1
also interacts with other regulators carry Fe in the vacuole, and function as diverting the
release of Fe into cells of vacuole in absence of Fe through modifying the action of
AtNRAMP3 and AtNRAMP4 (Zhao et al., 2013; Onaga et al., 2016). The transport
OsNRAMPS; is existing in the plasma membrane and it is involved in reducing Fe
concentration in roots and shoots through xylem (Ishimaru et al., 2012). Many plants
carrying OSNTAMPSi store less Fe in shoot and xylem sap, indicating that this
transporter cooperates with different other Fe transporters to regulate iron in shoots of
rice (Morrissey and Guerinot, 2009; Wu et al., 2019; Mahender et al., 2019).

Chloroplast

Fe toxicity is also regulated in the chloroplast, where FRO7 a member of FRO
localized in plastids showed that Fe is reduced by AtFRO7 in rice and Arabidopsis and
then taken by Fe?" carrier. Inner membrane-localized permease is considered to be the
main site for Fe distribution into chloroplast (Zhang et al., 2017). OsFROL1 is connected
to AtFRO7, and may show the same role converting Fe** to Fe?*, in preparations for
transport into the chloroplasts (Sperotto et al., 2010). The genes regulating ferritin have
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been recognized in various species of plants mainly in rice (Matthus et al., 2015). The
up-regulation of genes in reaction to surplus Fe (Bashir et al., 2014; Onaga et al., 2016;
Onyango et al., 2019) reveals that ferritin is effective paths of intracellular Fe in the rice
(Onaga et al., 2016).

Mitochondrial chelation of Fe

The Fe can also be deposited in mitochondrial section where protein ferritin exists.
(Lin et al., 2011) exhibited that over expression of a mitochondrial Fe carrier,
mitochondrial RNA splicing (MRS3), in yeast over-whelms the expansion of Fe toxicity
by declining cytosolic Fe via mitochondrial Fe increase. Orthologue of (MSR3) is a Fe
carrier in mitochondria which was recognized as accountable for carrying Fe into
mitochondria (Bashir et al., 2011; Mahender et al., 2019). The suppression of MIT lead
to decrease in aconitase activity, specifying that mitochondrial Fe transporter is
important for Fe s-cluster biogenesis in cytoplasm and mitochondria. Gross et al. (2003)
and Bashir et al. (2014) have discovered the contradictory track for these genetic
factors. The regulation of (OsNAS1, OsNAS2, OsNAAT1, and OsNRAMP1) was
witnessed, possibly to avoid unnecessary uptake and toxicity of Fe. Five major protein
families of Fe tolerance genes are OSNRAMPSs, OsFROs, OsZIPs, OsFERs and OsYSLs.
Fe toxicity and deficiency up and down regulated genes in rice are shown in Figure 2.
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Figure 2. Fe toxicity and deficiency up and down regulated genes showing alterations in levels
of transcription through microarray and transcriptomics studies (Adopted from Mahender et
al., 2019)
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Regulation of Fe uptake

The regulation of Fe uptake is done by many TFs transcription factors and regulators
including, signal transducers. Plants adopt strategy Il in response to Fe deficiency, like
enhance biosynthesis along with secretion of Fe3* chelator named Mas (mugenic acid).
Some enzymes, which are main target of transcription factors contributed to mugenic
acids (Inoue et al., 2008). A gene (OsFRO2), cool with OsNAAT1 and OsVIT1 and
protein OSRMC work as receptor, involved in Fe regulation in rice (Finatto et al., 2015;
Onaga et al., 2016; Wu et al., 2019). The transcription factors prompted by Fe
deficiency, (OsIRO3 & OsbHL133) were characterized in rice (Wang et al., 2012).
Some other genes like (IDEF1 & OsHRZ1-2) were studied to catch Fe signals through
binding of Fe and zinc and avoid surplus Fe uptake under sufficient Fe availability (Liu
et al., 2016). Most meaningful is to conclude that there are some genes which can
interact in vivo with OsHRZ and to find that this post-transcriptional modification can
be helpful to enhance Fe toxicity tolerance in rice (Onaga et al., 2016; Mahender et al.,
2019). Post-transcriptional regulation of Fe in rice has not fully understood, therefore, it
will be significant to unfold the natural variation for OsRT1 with stable disparity deposit
replacement in its loop that may enhance tolerance to Fe toxicity in rice. The studies on
link between amid the residue replacements in OsIRT1 with action of OsHRZ and
IDEF1 can add significant benefit in studying post-translational alteration of Fe uptake
in rice (Onaga et al., 2016). The earlier studies described the role of ABA (abscisic
acids) and brassinosterioids, in regulation of IDE1 modulation of downstream target in
Fe homeostasis single transductions mechanisms need to be unfold (Gallie, 2012;
Pereira et al., 2014). Rice has a number of strategies to switch unnecessary Fe uptake.

Fe storage genes which are encoding VOT, FPN2 transporter are well regulated and
thus Fe may engage in old leaves. The similar genetic factors could be controlled in
shoot of includer that positively stock Fe in plant aerial parts. Additionally, genes
encoding YSL4 and YSL6 like Fe efflux carriers, could be controlled to release spare Fe
from chloroplast, to stop oxidative damage. It would be valuable to detect important
genes, with constant influence in reaction to the dissimilar kinds of Fe harmfulness, to
use for breeding’s schemes. The only one author reported the confirmed effects of Fe
nutrition gene (OsFRO1) in tolerance of Fe toxicity (Mahender et al., 2019), despite lot
of research work has been accomplished. Transporters identified regarding Fe regulated
genes and their function are shown in Table 1.

Table 1. Transporters identified regarding Fe regulated genes and their function

Genes Position Role Reference
Zinc transporting proteins, Fe transport and
homeostasis
Fe-NA transport, Fe accumulation in seeds
and translocation in grains

OSPIC1 | Chloroplast Transport Fe from root to chloroplast (Zhang et al., 2012)

OsZIP4 Root (Quinet et al., 2012)

OsYSL2 Root (Koike et al., 2004)

OsFRO2 Root Alter Fe oxidation state (Stein et al., 2009)

OsVIT1,2 |Leaves/Seeds Vacuolar Fe transporter (Zhang et al., 2012)
OsMIR Shoot Fe homeostasis (Ishimaru et al., 2010)
OsFER1 Allztilreorne Vacuolar Fe transport and homeostasis (Bashir et al., 2013)
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QTL identified for rice tolerance to Fe toxicity

The identification and isolation of QTL linked to Fe tolerance is a powerful way to
improve the rice tolerance to Fe toxicity (Dramé et al., 2011; Mahender et al., 2019). A
lot of mapping populations are used in many studies, which have identified many QTL
in rice. Here we discussed some QTL identified previously and their role in iron toxicity
tolerance. Wu et al. (2014) used a mapping population of RIL (recombinant inbred
liens) derived from IR29/Pokkali and identified two putative QTL for leaf bronzing
score gFETOX-1-1 and qFETOX-1-2 between the markers with 10.6% and 12%
phenotypic variation. The LBI indicated the large genetic variation among the parental
genotypes for tolerance to Fe toxicity. A variety of traits like, SL, RL, shoot dry weight
(SDW) and root dry weight (RDW) are also used for estimation of Fe toxicity tolerance
in rice. Two QTL for SL and RL were reported by Meng et al. (2017) using 873 RIL
(recombinant inbred lines) derived from MAGIC populations. QTL gSL-1 and qRL-8
were identified with 18% phenotypic variation.

This trait indicated large genetic variability for Fe tolerance. Many genes were
reported behind these QTL controlling Fe toxicity tolerance in rice. Dufey et al. (2010)
used 164 RIL (recombinant inbred liens) population evaluated in multiple environment,
and identified one putative QTL gNSP-3 for number of spikelet’s in rice which showed
large variation for iron toxicity tolerance. Likewise, Dufey et al. (2012) identified two
more QTL using same population for 1000 grain qGW-1 weight and chlorophyll content
gqCC1-7 with varying ratio of variance. Dufey et al. (2015) conducted a hydroponic
experiment and evaluated 220 BC3DH (double haploid) and identified QTL, for shoot
water content (SWC) gqSWC-3, one for shoot dry weight (SDW) qSDW-3 and one for
leaf bronzing index (LBI) gLBI-1 which strongly demonstrated that all of these QTL
had significant role in rice response to Fe toxicity tolerance. Liu et al. (2016) identified
two QTL using IL (Introgression lines) population derived from japonica (02428) and
indica (Minghui63) and reported two QTL, gRSDW-11, gqRRDW-2 independent of
genetic background. A QTL gSDW-5 was identified recently which expressed under
both experimental conditions with similar additive effects suggesting the genetic
overlap between Fe toxicity tolerance and zinc toxicity tolerance in rice (Zhang et al.,
2013). Zhang et al. (2017) identified a putative QTL gSFW-2 with a positive additive
effect which showed that the genes behind this QTL were contributed from the donor
parent. These all are reported QTL for Fe toxicity tolerance and more breeding
strategies and efficient screening techniques are required for the identification of
tolerant genotypes of rice. Some of the putative QTL identified under Fe stress in rice
are shown below in Table 2. Figure 3 showed the way of novel phenotypic screening
techniques to enhance Fe toxicity tolerance in rice genotypes.

Novel breeding and screening techniques for Fe toxicity tolerance in rice

Several molecular breeding techniques are used by researchers to improve Fe
tolerance in rice. Molecular breeding aims to identify and transfer genes for improving
heavy metals tolerance is more reliable technique. Marker assisted selection (MAS)
includes using of markers for construction of linkage map to identify the putative genes
and to clone the genes for speed up molecular breeding to enhance Fe tolerance in rice.
This breeding approach is becoming more and more beneficial which more efficient and
time saving approach is as compare to conventional breeding approaches. Use of
backcross recombinant inbred lines (BRILS) populations is ideal population for targeted
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gene cloning and to speed up molecular breeding for improving Fe tolerance in rice
(Rasheed et al., 2020a). An effective screening technique is required to characterize the
resistance of genotypes at seedling stage. Seedling stage is ideal stage to identify the
genotypes against different metals stress. One of the best way is to use preliminary
screening technique to evaluate the genotypes against different levels of Fe toxicity.
Parents and population should be grown in hydroponic condition and expose to different
level of stress at seedling stage. In this way most effective dose of stress would be
determined and that can be further used to screen the genotypes. Resistant genotypes
could be selected for different seedling traits which are indicators of metals tolerance
(Rasheed et al., 2020a). Resistant genotypes could be used for QTL mapping which lead
to MAS selection. Therefore, this screening technique is needed for effective QTL

mapping.

Table 2. Putative QTL identified in rice during exposure to Fe stress

Parents Population| Traits Marker Chr QTL |PVE%|Reference

glaberrim/ 220 RM-251- i (Dufey et

Caiapo BcabH | SWC | Rmzss 3 | aSWE3 | 51 1y oo1s)

glaberrim/ 220 RM-60- i (Dufey et

Caiapo BcapH | SPW RM22 3 | GSDW-3 153 1o o015)

glaberrim/ 220 RM208- i (Dufey et

Caiapo BcapH | P! RM266 1| abBIL 1471 2015)

RMO034- (Dufey et

Azucena/lR64 | 164RIL |1000GW| ‘oyon 1 | qGw-1 al. 2012)

RM324- (Dufey et

Azucena/IR64 | 164RIL | CCI M1 7| AcCh7 | 339 |0

RM132- (Dufey et

Azucena/lR64 | 164RIL | NSP oy 3 | gNSP-3 al. 2010)

i (Meng et

MP 873RIL | SL SNP 1 gLl | 18 |0

i (Meng et

MP 873RIL | RL SNP 8 gRL-8 al, 2017)
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Figure 3. A schematic way of presentation of innumerable phenotypic screening techniques and
omics-based approaches to increase iron toxicity tolerance in rice cultivars (Taken from
(Mahender et al., 2019)

Wild relatives as potential source for Fe tolerance in rice

Wild relative constitutes a valuable gene pool that can be used to breed novel rice
genotypes which can be tolerated to abiotic stresses like Fe toxicity. By transferring
genes from these wild parents we can efficiently improve Fe toxicity tolerance in rice to
sustain rice production. In a study conducted by Bierschenk et al. (2020) screened 75
rice genotypes, including 16 local genotypes, one glaberrima, and 58 wild genotypes
which representing 21 species to study Fe toxicity tolerance. Plants were evaluated in
green house and were treated with control and Fe stress during vegetative growth stage.
Foliar Fe treatment were indicators of Fe toxicity during both stress treatments. Plants
with chronic stress reduced yield due to spike fertility. Both wild and local genotypes
showed variation in their response to Fe toxicity. Some of the wild relatives performed
higher in individual traits towards Fe toxicity. These results showed that Fe toxicity can
be improved by domestication of wild parents and to transfer their genes into domestic
cultivars.

Conclusion

Fe toxicity is a polygenetic trait in rice, and there are many genetic and physiological
basis of Fe toxicity tolerance. Moreover, many regulators are involved in Fe regulation
at various levels. Here we provided a strong theoretical base of rice response to
excessive Fe and genetic basis of Fe regulation in rice, genes and QTLs involving in
regulation and tolerance of Fe toxicity. This review concluded that the use of molecular
markers, high-resolution population, rice gene pool and wild relatives is a potential
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strategy to improve Fe toxicity tolerance in rice crop. Secondly many identified QTL
discussed here are needed to transfer into susceptible lines through QTL pyramiding.
Many Fe transporter is needed to identify to unfold their role in Fe toxicity and its
regulation and more efficient breeding techniques are required to screen Fe tolerant rice
genotypes.

Future perspectives

Fe is an essential element for rice and regulates rice growth when supplied in
optimum concentration, but higher concentrations of Fe lead to induction of many
deleterious changes in the crop which significantly reduces growth and production.
There are certain levels in the cell, where Fe deficiency is regulated by using metabolic
pathways. The physiological and biochemical basis of Fe regulation are clearly
described in many plants but the molecular basis of Fe toxicity tolerance has not fully
characterized. Here we provided a strong theoretical base of rice response to excessive
Fe and genetic basis of Fe regulation in rice and genes involved in Fe toxicity tolerance.
Many genes described here are associated with previously identified QTL and some of
them are regulators that are controlled by VIT, FNP2 like carriers, MIT P1C1, FPN2
like carriers, MIT, PIC1 transporters, ferritin, OSFRO1, OsIRO3 & OsbHL133, and
OsNRAMP7 & OsNRAMP8. Many molecules responsible for Fe intra and inter cellular
movement are still unidentified, linked to the huge number of unidentified genes in rice.
Recently 3000 rice genomes were studied which highlighted the possibilities of
validating these unannotated genes and identify their expression. The genome sequence
for candidate gene can be accessed, moreover, the use of molecular markers that help in
screening the Fe tolerant genotypes from susceptible one would be more helpful to
accelerate genes pyramiding. The morphological, physiological and molecular basis of
Fe toxicity tolerance would facilitate successful breeding if they are targeted to a large
extent. The wild relatives of rice should be focused to screen out new sources of Fe
toxicity tolerance and to transfer the novel genes in rice that could be exploited in rice
breeding.
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