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            Iron deficiency: a major public health issue 

WHO	
  recommanda9ons:	
  	
  

improve	
  iron	
  content	
  in	
  seeds	
  

In	
  developing	
  countries:	
  

•  Every	
  second	
  pregnant	
  woman	
  

•  40%	
  preschool	
  children	
  

In	
  France	
  
	
  
•  Fe	
  deficiency:	
  children,	
  teenage	
  girls,	
  

women	
  of	
  childbearing	
  age	
  	
  

•  Fe	
  anemia:	
  10-­‐30%	
  pregnant	
  women	
  

WORLD-­‐WIDE	
  IRON-­‐DEFICIENCY	
  ANEMIA	
  	
  

People	
  from	
  developing	
  countries	
  feed	
  on	
  plants,	
  	
  
a	
  poor	
  source	
  of	
  Fe	
  

Biotechnlogical	
  challenge!	
  	
  	
  



            Iron deficiency: a major public agronomic issue 

Consequences	
  of	
  Fe	
  deficiency:	
  

•  Yield	
  loss	
  

•  Low	
  fer9lity	
  

•  Low	
  Fe	
  content	
  in	
  seeds	
  

•  Heavy	
  metals	
  accumula9on	
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Fe	
  deficiency	
  chlorosis	
  in	
  soybean	
  

Alcaline/high	
  lime	
  containing-­‐soil	
  



	
   	
   	
   	
  	
  TSF	
  interests:	
  Iron	
  mobiliza9on	
  from	
  soil	
  to	
  seeds	
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Perls/DAB staining : a powerful method to image iron in tissues and cells 

Vacuoles	
  
Endodermis 

Vascular tissue 

Hannetz	
  	
  
Roschzgardtz	
  	
  
PUC	
  Chile	
  

Roschz'ardtz	
  et	
  al.	
  Plant	
  Phys.	
  (2009)	
  
Roschz'ardtz	
  et	
  al.	
  Front	
  Plant	
  Sci	
  (2013)	
  

DISTRIMET	
  



Results: 	
  New	
  actors	
  of	
  Fe	
  distribu9on	
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Fe	
  uptake	
  from	
  the	
  embryo	
  
relies	
  on	
  its	
  reduc9on	
  by	
  
ascorbate	
  effluxed	
  by	
  the	
  
embryo	
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Ascorbate:	
  a	
  key	
  actor	
  of	
  Fe	
  
assimila9on	
  in	
  seeds	
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Nature	
  and	
  transport	
  of	
  intracellular	
  Fe	
  pools	
  

Minh	
  
Hoang	
  

TASC1	
  transports	
  
ascorbate	
  into	
  the	
  
vacuole	
  and	
  enables	
  
remobiliza9on	
  of	
  Fe	
  
during	
  germina9on	
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YSL4	
  and	
  YSL6	
  transport	
  
Fe	
  out	
  of	
  the	
  chloroplats	
  
and	
  protect	
  the	
  plant	
  
from	
  Fe	
  excess	
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In	
  seeds,	
  iron	
  is	
  stored	
  as	
  Fe-­‐phytate	
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IRT1	
  and	
  NRAMP1	
  cooperate	
  
for	
  Fe	
  uptake	
  

	
   	
   	
  Results: 	
  Func9on	
  of	
  the	
  manganese	
  transporters	
  NRAMP1	
  and	
  NRAMP2	
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IRT1	
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  Fe	
  acquisi9on	
  by	
  the	
  root	
  in	
  the	
  low	
  
affinity	
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§  NRAMP1:	
  high	
  affinity	
  Mn/	
  low	
  affinity	
  Fe	
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NRAMP2	
  distributes	
  Mn	
  
within	
  the	
  cell	
  

§  NRAMP2	
  is	
  a	
  Mn	
  transporter	
  of	
  the	
  TGN	
  

§  NRAMP2	
  acts	
  upstream	
  to	
  provide	
  Mn	
  to	
  
downstream	
  organelles	
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Projects	
  

GWAS	
  
Gene	
  discovery	
  

Seed	
  iron	
  storage	
  

ANR	
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AAP	
  BAP	
  2016	
  
IRONSEED	
  

«	
  Transfer	
  biology	
  »	
  

«	
  Cross-­‐talk	
  »	
  

Fe	
   nutri9on	
   in	
   the	
   non-­‐
va s cu l a r	
   p l an t	
   mode l	
  
Physcomitrella	
  patens	
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SOLVAY	
  2015-­‐17	
  

Impact	
  of	
  agropolymers	
  
on	
  plant	
  nutri9on	
  

Mn	
  transport,	
  its	
  
regula9on	
  and	
  ox	
  stress	
  	
  

ANR	
  ECOMAN	
  

Mn	
  
Ub	
  



New	
  genes	
  controlling	
  Fe	
  transport	
  
•  ascorbate	
  transporters	
  
•  GWAS	
  	
  

Machinery	
  of	
  Fe	
  remobiliza<on	
  	
  
•  Ascorbate	
  transporters	
  
•  Phytases	
  
•  GWAS,	
  suppressor	
  screen	
  	
  

Iron	
  specia9on	
  and	
  mobility	
  

S.	
  Thomine	
  
I2BC	
  

C.	
  Bailly	
  
UPMC	
  

ANR	
  ISISTOR	
  2016?	
  
Knowledge	
  transfer	
  

TILLING	
  in	
  pea	
  

GWAS	
  in	
  Medicago	
  

Karine	
  Gallardo,	
  Dijon	
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IRONSEED	
  

EV	
  

MCO1	
  

fet3∆	
  fet4∆	
  

?	
  
Fe2+	
   Fe3+	
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Iden<fica<on	
  of	
  ferroxidases	
  

Lili	
  Wei	
  

Impact	
  of	
  Fe	
  on	
  seed	
  biology	
  
•  dormancy	
  
•  germina9on	
  
•  ROS,	
  hormones	
  



gametophore	
  

chloronema	
  

Physcomitrella,	
  an	
  aBrac<ve	
  non-­‐vascular	
  plant	
  model	
  
•  Predominant	
  haploid	
  phase	
  (gene9cs)	
  
•  Homologous	
  recombina9on	
  (KO,	
  KI)	
  
•  A	
  few	
  cell	
  types/	
  simple	
  development	
  
•  Monolayers	
  9ssues	
  (histology)	
  
•  Easy	
  culturing	
  (agar	
  plates,	
  	
  “Arabidopsis	
  condi9ons”)	
  
•  Long	
  term	
  storage	
  in	
  water	
  at	
  +4°	
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M1	
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   Fe-­‐NA	
  

NA	
  Synthase	
  (NAS)	
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Dirick	
  

Fe	
  nutri9on	
  in	
  the	
  non-­‐vascular	
  plant	
  model	
  Physcomitrella	
  patens	
  

WT,	
  pseudophylles	
  

nucleus	
  

PpnasΔ	
  	
  ,	
  chloronema	
  

chloroplast	
  

Role	
  of	
  NA	
  in	
  Mn	
  nutri<on:	
  cellular	
  or	
  long-­‐distance?	
  	
  
	
  
•  Ppnas∆	
  and	
  Ppysla∆,	
  Ppyslb∆	
  mutants:	
   	
  	
  

	
  -­‐	
  Fe	
  distribu9on	
  
	
  -­‐	
  Fe	
  content/tolerance	
  

•  Complementa9on	
  Arabidopsis	
  mutants	
  with	
  PpYSLa/PpYSLb	
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Long-­‐distance	
  transport	
  

Cellular	
  distribu9on	
  

Ø  Can	
  we	
  uncouple	
  long-­‐distance	
  and	
  cellular	
  Fe	
  transport	
  
func9ons	
  of	
  NA/YSL?	
  



Control	
  of	
  Mn	
  uptake	
  and	
  distribu9on	
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  ECOMAN	
  2016?	
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02.-­‐	
  

H2O2	
  

SOD	
   Mn	
  

Mn	
  an9oxidant	
  

sod1∆	
  complementa9on	
  

E.V. 

NRAMP2 

•  Iden9fica9on	
  of	
  Mn	
  an9oxidant	
  species	
  
-­‐  In	
  yeast	
  
-­‐  In	
  plant	
  extracts	
  

by	
  ENDOR/RPE	
  technics	
  (CEA	
  Saclay)	
  

WT	
   nramp2-­‐1	
  

02.-­‐	
  produc9on	
  in	
  nramp2	
  mutant	
  

NRAMP1	
   NRAMP1	
  K41	
  R	
  

•  Iden9fica9on	
  Ub-­‐pep9des	
  
Phospho-­‐pep9des	
  

•  Iden9fica9on	
  NRAMP1	
  
Partners	
  MS/MS	
  

•  NRAMP1	
  
Partners	
  
Associomics	
  	
  
candidates	
  

NRAMP1	
  

Mn	
  

Ub	
  

Membrane	
  traffic	
  of	
  NRAMP1	
  

S.	
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Ø  Poster	
  Talita:	
  «	
  Iron	
  hyperaccumulators	
  »	
  

Ø  JOB	
  OFFER:	
  	
  	
  	
  CDD	
  Assistant	
  Ingenieur	
  12	
  months	
  	
  

Study	
  the	
  impact	
  of	
  agropolymers	
  on	
  growth	
  and	
  mineral	
  
nutri9on	
  of	
  Arabidopsis	
  and	
  maize	
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