
GENETIC APPROACHES TO ADAPT RICE 
PRODUCTION TO IRON TOXICITY 

Michael Frei 
INRES – University of Bonn 

1 



Phyto-
sidere-
phore 

Fe2+ 

H+ 

Ferric 
reductase 

Graminaceae Non-Graminaceae 

Fe3+ 

Functions of Fe in plants: 

- Involved in electron transport chains 
- Component of many enzymes 
- Involved in chlorophyll synthesis 
 

Iron Toxicity at Low Redox Potential 



Iron Toxicity at Low Redox Potential 

Source: www.louisianacrops.com So
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Iron Toxicity in Rio Grande do Sul 

Photos: Sergio Lopez, IRGA  
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Iron Deficiency in Human Diets 

WHO ,2008 

More than 2 billion people worldwide lack 
sufficient Fe in their diets 

Human Fe deficiency often coincides with Fe 
toxicity in rice 

Rice Fe toxicity 
hotspots 
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Aims of this Project 

Fe Fe 

To identify genes and mechanisms 
associated with tolerance to high Fe soils 

To maximize the Fe translocation from 
high Fe soils to the grain 
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Research Questions 

1. Is there genetic variation we can use for adaptation and 
what are the underlying mechanisms?  

2. Can we use rice wild relatives for adaptation to Fe 
toxicity?  

3. Do tolerant varieties accumulate more Fe in their grains 
than intolerant ones?  
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Research Questions 

1. Is there genetic variation we can use for adaptation and 
what are the underlying mechanisms?  
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Hydroponic Screening Experiments 

Leaf bronzing score 
Wu et al., 2014 
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Matthus et al., 2015 

Shoot Fe concentration vs. leaf symptoms 
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QTL for Fe Tolerance 

GWAS (Matthus et al., 2015) 

Integrated genetic map of Fe tolerane QTL 
 Wu et al. (2014) 

 Many small effect loci 

 Highly dependent on environment and stress type  

 Some conserved regions 10 



Exclusion at the root 

surface  
Fe2+ Fe3+ 

Redox homeostasis 

Iron partitioning Fe2+ 
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Tolerance Mechanisms 



IR29  
(sensitive) 

FL483 
(tolerant) 
 

Carries positive 
alleles at two 
QTL in IR29 
genetic 
background  
(Wu et al., 2014) 
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Ascorbate 
(red.) 

DHA 
(ox.) 

Dehydroascorbate reductase 

Fe2+ Fe3+ + OH- OH. + + H2O2 

Ascorbate 
oxidase 

H2O 
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Wu et al., 2017 

Antioxidants and Fenton Chemistry 
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Four treatments: 

1. Control 

2. Control + exogenous 
AsA (5mM foliar spray) 

3. Fe toxicity 

4. Fe toxicity + exogenous 
AsA 
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Exogenous Ascorbate Application  
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Apoplast 

Symplast 

L-Galactono-
1,4-lactone 

Ascorbate 

Wu et al., 2017 

Four treatments: 
1. Control 
2. Control + exogenous L-

Galactono-1,4-lactone (L-Gal-L) 
3. Fe toxicity 
4. Fe toxicity + exogenous L-Gal-L 
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DHA  
(ox.) 

Ascorbate 
(red.) 

Dehydroascorbate reductase 

Fe2+ Fe3+ H2O2 + OH- OH. + + 

H2O 

Ascorbate peroxidase e- 

Wu et al., 2017 

Keeping  AsA turnover 
low confers tolerance! 

Ascorbate Stimulates the Fenton Reaction 

16 



‹Nº› 



Ionomic Profile of OsAKT1 Mutants 

More Fe and less K in the KO-mutants 18 

Wu et al., 2019 



Mechanistic Model of Fe-Exclusion  

19 

Plant maintains less 
polarized membrane 
potential 

Hyperpolarization of the 
membrane falilitates Fe-
influx 

Wu et al., 2019 



Research Questions 

1. Is there genetic variation we can use for adaptation and 
what are the underlying mechanisms?  

 Yes, both exclusion and inclusion mechanisms can be 
found in the natural gene pool of rice. 

 Shoot tolerance related to ascorbate recycling 

 Exclusion related to potassium uptake 
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Research Questions 

2. Can we use rice wild relatives for adaptation to Fe 
toxicity?  
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Genome Sequences for Rice Wild Relatives  

22 



Expanding  the Gene Pool: Screening Wild Relatives 

 Greenhouse experiment in soil 
 Simulation of acute and 

chronic Fe stress 
 75 genotypes  

 58 accessions of wild rice relatives 
(consisting of 20 species) 

 16 O. sativa varieties  
 1 O. glaberrima variety 
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Leaf bronzing index 

Bierschenk et al., under review 

https://site.emrprojectsummaries.org 
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= chromosomal 
fragments from   
O. meridionalis 

= O. sativa genome 
(variety Curinga from 
Brazil) 

Arbelaez et al., 2015 

Interspecific Crosses 

Hydroponic sceening experiments 
 Control 
 Fe stress treatment 
Wairich et al., unpublished 
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‚Liger‘ 
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Shoot Tolerance Mechanisms 

Few symptoms despite very 
high shoot Fe concentrations!  CM23 

CM24 

Wairich et al., unpublished 
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Control stem 
Control leaf blade 
Fe stress stem 
Fe stress leaf blade 

Tolerant CM23 retains excess Fe 
in the stem 



Shoot Tolerance Reduces Oxidative Stress 

Parent (Curinga) 

CM23 

H2O2 Staining 
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RNA-Sequencing in Interspecific Hybrids  

O. sativa 
reference 
genome 

O. meridionalis 
reference 
genome 

CM23  
hybrid 

genome 

Ongoing 27 



Research Questions 

2. Can we use rice wild relatives for adaptation to Fe 
toxicity?  

 Yes, some wild relatives show tolerance exceeding 
what we find in the primary gene pool of rice. 

 Inclusion mechanisms in a O. meridionalis hybrid 

 Genes and mechanisms remain to be characterized. 
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Research Questions 

3. Do tolerant varieties accumulate more Fe in their grains 
than intolerant ones?  
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Grain Fe Concentrations in Fe-toxic Conditions 

 Semi-artificial 
greenhouse plots  

 Simulation of chronic 
and acute Fe stress 
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Field Experiments in Madasgacar 
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Grain Fe Concentrations of Field-Grown Rice 
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Research Questions 

3. Do tolerant varieties accumulate more Fe in their grains 
than intolerant ones?  

 So far only one variety identified that accumulates 
slightly more Fe in the grains when grown in Fe toxic 
conditions.  
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34 Thank you for your attention! 

Conclusions 

 Root and shoot-based Fe-
tolerance mechanisms identified 
in primary and secondary gene 
pool of rice  

 Limited scope for increasing 
grain Fe using natural variation  
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