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Challenges	
  
in	
  Plant	
  Science	
  

Plant	
  science	
  has	
  contributed	
  greatly	
  to	
  our	
  basic	
  understanding	
  of	
  
biology,	
  but	
  pioneering	
  achievements	
  are	
  oOen	
  ignored	
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Lab	
  Times	
  March	
  2013	
  



Challenges	
  
in	
  Plant	
  Science	
  

Many	
  traits	
  that	
  are	
  of	
  interest	
  to	
  plant	
  scien=sts	
  and	
  breeders	
  can	
  
be	
  inves=gated	
  in	
  model	
  plant	
  systems	
  

13/06/2014	
   ERA-­‐CAPS	
  Challenges	
  in	
  Plant	
  Science	
   3	
  

	
  
• 	
  Ozone	
  
• 	
  High	
  CO2	
  
• 	
  High	
  Nitrogen	
  
• 	
  Carbon/Nitrogen	
  	
  
• 	
  Seed	
  morphology	
  
• 	
  Bio=c,	
  fungal	
  
• 	
  Composi=on	
  

• 	
  seed	
  oil	
  
• 	
  seed	
  protein	
  
• 	
  lignin	
  
• 	
  sterols	
  

• 	
  and	
  others	
  

	
  
• 	
  Drought	
  (including	
  surrogates)	
  
• 	
  Low	
  Nitrogen	
  (including	
  surrogates)	
  
• 	
  Cold	
  and	
  Freezing	
  
• 	
  Heat	
  (all	
  stages)	
  
• 	
  Light	
  (e.g.,	
  shade	
  tolerance)	
  
• 	
  UV	
  tolerance	
  
• 	
  Photosynthe=c	
  efficiency	
  
• 	
  Low	
  pH	
  and	
  aluminum	
  
• 	
  High	
  pH	
  
• 	
  Growth	
  rate	
  
• 	
  Flowering	
  =me	
  
• 	
  Stay	
  green	
  and	
  maturity	
  
• 	
  Plant	
  architecture	
  
• 	
  Fer=lity	
  	
  
• 	
  Organ	
  size	
  
• 	
  Stature	
  
• 	
  Stalk	
  thickness	
  



Challenges	
  
in	
  Plant	
  Science	
  

The	
  combinatorial	
  effect	
  of	
  stress	
  on	
  plant	
  growth	
  and	
  
development	
  remains	
  largely	
  unknown	
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Mittler (2006) Trends in Plant Science 11: 15-19 

Mittler and Blumwald (2010) Ann Rev Plant Biology 61: 443-462 



Challenges	
  
in	
  Plant	
  Science	
  

Rising	
  CO2	
  levels	
  and	
  global	
  climate	
  change	
  do	
  not	
  have	
  the	
  
expected	
  posi=ve	
  effect	
  on	
  yield	
  increases	
  for	
  most	
  crops	
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Long and Ort (2010) Curr Opin Plant Biology 13: 241-248 
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in	
  Plant	
  Science	
  

Resistance	
  genes	
  can	
  be	
  bred	
  into	
  crop	
  plants	
  to	
  control	
  disease	
  
but	
  this	
  is	
  oOen	
  not	
  a	
  durable	
  success	
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Challenges	
  
in	
  Plant	
  Science	
  

Average	
  global	
  crop	
  yield	
  per	
  area	
  is	
  decreasing	
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Maize	
  

Wheat	
  

Rice	
  

1920-­‐1960	
  
Crop	
   	
  	
  Rate	
  
Maize	
   0.69%	
  
Wheat	
   0.99%	
  
Rice	
   0.49%	
  

1990-­‐2008	
  
Crop	
   	
  	
  	
  Rate	
  
Mais	
   1.78%	
  
Wheat	
   0.97%	
  
Rice	
   1.07%	
  

1960-­‐1990	
  
Crop	
   	
  	
  	
  Rate	
  
Maize	
   1.73%	
  
Wheat	
   2.57%	
  
Rice	
   2.19%	
  

Philip	
  G.	
  Pardey	
  
University	
  of	
  Minnesota	
  



Challenges	
  
in	
  Plant	
  Science	
  

Can	
  we	
  repeat	
  the	
  Green	
  Revolu=on	
  with	
  less	
  impact	
  on	
  the	
  
environment	
  by	
  developing	
  nutrient-­‐	
  and	
  water-­‐efficient	
  crops?	
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Breeder	
  and	
  Nobel	
  Laureate	
  Norman	
  
Borlaug	
  1914-­‐2009	
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in	
  Plant	
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The	
  rice	
  mega-­‐variety	
  IR	
  64	
  is	
  a	
  good	
  example	
  of	
  how	
  breeders	
  
have	
  shaped	
  crop	
  genomes…	
  	
  

13/06/2014	
   ERA-­‐CAPS	
  Challenges	
  in	
  Plant	
  Science	
   9	
  

!
!

PA CHIAM
SERAUP

FORTUNA BESAR 15 MARONG UNKNOWN
PAROC

BLUE ROSE
BPI 76 REXORO SUPREME

KITCHILI SAMBA

SINAWPAGH

UNKNOWN
CINA LATISAIL TEXAS RSBR GEB24

PATNA BLUE BONNET
PETA

DGWG CP231 SLO 17 BENONG

IR86 CP SLO 17 SIGADIS

IR95
IR127

IR8 CHOW SUNG IR262

IR1103 TADUKAN VELLAIKAR
IR400 TSAI YUAN CHUNG

IR1006 MUDGO
TETEP

IR1163 IR238 TN1
IR1416 IR1641

IR1402
IR22 TKM6 IR746A

IR1704
O. nivara

IR1870 IR1614

IR2006 IR579 IR747 IR24/ IR661 IR1721

IR773 A BPI 121 GAM PAI

IR1915 B IR1833 GAM PAI 15 IR1561 IR1737

IR1916 IR833 IR2040

IR2146 IR 2055
IR2061

IR5236 IR5338 Ultimate Landraces
GAM PAI TSAI YUAN CHUNG

IR5657 DEE GEO WOO GEN BENONG
CINA Unknow n

IR18348 LATISAIL CHOW SUNG
TADUKAN MUDGO

IR64 KITCHILI SAMBA TETEP
PA CHIAM SINAWPAGH
SERAUPBESAR 15 UNKNOWN (JAPANESE)
NAHNG MON S 4 O. nivara  (IRGC 101508)
VELLAIKAR MARONG PAROC

CO 18

NAHNG MON S4

NMS 4

IR 64 

! 
! ! ! 

! 
! 

! 

! ! 
! 

! 
! 

! 

! 

! 
! 

! 

! 

! 

Ultimate Landrace 

@

@

@@

@

@

@

@
@

@

@

@

@
@

@

@ @

@

@

@

@

@
@

@@

@

@

@

@
@

@
@

@

@

@

@

@

@
@

@

Crossing & selection @

! 
Every step and each 

  component is 
unpredictable and leads to 

uncontrolled genome 
alterations!  
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Conventional breeding of 
the Indica variety IR64 
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…but	
  at	
  which	
  cost?	
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in	
  Plant	
  Science	
  

We	
  need	
  new	
  methods	
  for	
  rapid	
  candidate	
  trait	
  gene	
  iden=fica=on	
  
and	
  efficient	
  mobiliza=on	
  into	
  breeding	
  programs	
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Transform	
  into	
  
Model	
  Plant	
  
Arabidopsis	
  

§	
  Biomass	
  yield	
  
§	
  Plant	
  architecture	
  	
  

§	
  Tolerance	
  to	
  environmental	
  stresses	
  
§	
  Nitrogen	
  use	
  efficiency	
  

§	
  Disease	
  resistance	
  	
  

Gene-­‐Trait	
  
AssociaTons	
  

DNA	
  
Sequencing	
  

Various	
  Plant	
  Species	
   Rice	
  

	
  Evaluate	
  in	
  Model	
  
Crop	
  

Energy	
  Crops	
  
Switchgrass,	
  	
  

Miscanthus,	
  etc.	
  

Food	
  Crops	
  
Corn,	
  Soybean,	
  etc.	
  Many	
  candidate	
  trait	
  genes	
  idenTfied	
  

	
  



Challenges	
  
in	
  Plant	
  Science	
  

GPC	
  has	
  iden=fied	
  several	
  challenges	
  for	
  which	
  global	
  plant	
  
research	
  needs	
  to	
  find	
  solu=ons	
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• 	
  Digital	
  Seed	
  Bank—u=lizing	
  crop	
  biodiversity	
  for	
  accelerated	
  breeding	
  
• 	
  Crop	
  biofor=fica=on	
  
• 	
  Development	
  of	
  perennial	
  crops	
  
• 	
  Increasing/enriching	
  agricultural	
  crop	
  species	
  	
  
• 	
  Sustainable	
  adapta=on	
  
• 	
  Yield	
  stability	
  
• 	
  Plant-­‐environment	
  metagenome	
  
• 	
  Medicinal	
  plant-­‐based	
  products	
  
• 	
  Sharing	
  Data,	
  Informa=on	
  and	
  Resources	
  



Challenges	
  
in	
  Plant	
  Science	
  

The	
  GPC	
  is	
  a	
  coali=on	
  of	
  28	
  plant	
  and	
  crop	
  science	
  socie=es	
  to	
  
promote	
  plants	
  for	
  solu=ons	
  to	
  global	
  challenges	
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Challenges	
  
in	
  Plant	
  Science	
  

Our	
  crops	
  have	
  specific	
  origins	
  of	
  cul=va=on	
  and	
  diversity,	
  but	
  
today	
  they	
  are	
  u=lized	
  globally	
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Wheat, Barley, Peas, Grapes 
~ 13,000 years ago 

Maize, Pumpkin, Bean, 
Potato 
~ 10,000 years ago 

Rice, Soybean 
~ 9,000 years ago 

Banana, 
Coconut 

Sorghum, Millet, 
Coffee 



Challenges	
  
in	
  Plant	
  Science	
  

Only	
  three	
  cereal	
  crops	
  deliver	
  nearly	
  60%	
  of	
  the	
  global	
  calories	
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Most%important%crops%for%food%and%feed%calorie%supply%%

Maize%
7%%

Rice%
26%%

Wheat%
23%%



Challenges	
  
in	
  Plant	
  Science	
  

The	
  Green	
  Revolu=on	
  greatly	
  improved	
  crop	
  produc=on	
  and	
  food	
  
security,	
  but	
  also	
  decreased	
  crop	
  diversity	
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Year%
High*yielding%
varie0es%in%%%

Tradi0onal%
varie0es%in%%%



Challenges	
  
in	
  Plant	
  Science	
  

Spreading	
  monoculture	
  is	
  a	
  poten=al	
  threat	
  to	
  food	
  security	
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•	
  Rice	
  diversity	
  is	
  decreasing	
  
	
  
	
  	
  	
  	
  -­‐	
  in	
  1986,	
  the	
  single	
  rice	
  variety	
  “IR36”	
  was	
  grown	
  on	
  11	
  million	
  hectares	
  in	
  Asia	
  
	
  	
  	
  	
  -­‐	
  in	
  China,	
  all	
  rice	
  F1	
  hybrids	
  grown	
  on	
  15	
  million	
  hectares	
  share	
  the	
  same	
  male	
  sterility	
  genes	
  
	
  	
  	
  	
  -­‐	
  all	
  modern	
  rice	
  varie=es	
  have	
  the	
  same	
  dwarfing	
  gene	
  
	
  
•	
  Wheat	
  diversity	
  is	
  decreasing	
  
	
  
	
  	
  	
  	
  -­‐	
  in	
  1983,	
  67%	
  of	
  the	
  wheat	
  fields	
  in	
  Bangladesh	
  were	
  planted	
  to	
  a	
  single	
  variety	
  
	
  	
  	
  	
  -­‐	
  in	
  Ireland,	
  	
  90%	
  of	
  the	
  total	
  wheat	
  area	
  is	
  planted	
  to	
  six	
  varie=es	
  
	
  	
  	
  	
  -­‐	
  in	
  1949,	
  China	
  used	
  over	
  10,000	
  varie=es	
  for	
  produc=on,	
  in	
  1970	
  on	
  1,000	
  remained	
  in	
  use	
  
	
  
•	
  Diversity	
  of	
  other	
  crops	
  is	
  decreasing	
  
	
  
	
  	
  	
  	
  -­‐	
  in	
  the	
  Netherlands,	
  for	
  example,	
  the	
  three	
  top	
  varie=es	
  of	
  nine	
  major	
  crops	
  covered	
  from	
  
	
  	
  	
  	
  	
  	
  81	
  to	
  99%	
  of	
  the	
  respec=ve	
  areas	
  planted.	
  	
  
	
  	
  	
  	
  -­‐	
  one	
  cul=var	
  accounted	
  for	
  94%	
  of	
  the	
  spring	
  barley	
  planted 	
   	
   	
  Source:	
  FAO	
  



Challenges	
  
in	
  Plant	
  Science	
  

Monocultures	
  favor	
  the	
  spread	
  of	
  increasingly	
  virulent	
  pathogens	
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Challenges	
  
in	
  Plant	
  Science	
  

The	
  Interna=onal	
  Rice	
  Gene	
  Bank	
  Collec=on	
  is	
  a	
  rich	
  source	
  of	
  
resistance	
  alleles	
  to	
  fight	
  the	
  devasta=ng	
  rice	
  blast	
  disease	
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Novel&&&potent&&blast&resistant&genes/
alleles&iden3fied.&

Introgression&into&breeding&programs&

•  IRGC-International Rice Genebank 
Collection 

•  World’s largest collection of rice 
germplasm 

•  Over 112,000 registered 
accessions  

•  from 117 source countries  
 
     We are using this source of rice 
     accessions for allele mining 
 



Challenges	
  
in	
  Plant	
  Science	
  

The	
  Kasalath	
  PSTOL1	
  gene	
  is	
  a	
  good	
  example	
  of	
  genes	
  present	
  in	
  
diverse	
  rice	
  varie=es	
  but	
  not	
  in	
  elite	
  mega-­‐varie=es	
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Challenges	
  
in	
  Plant	
  Science	
  

Seed	
  banks	
  are	
  treasure	
  troves	
  of	
  gene=c	
  diversity	
  and	
  novel	
  
genes/alleles	
  that	
  we	
  must	
  explore	
  for	
  breeding	
  resilient	
  crops	
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www.fs.fed.us(h*p://www.scien1ficamerican.com(h*p://www.britannica.com(

h*p://www.theguardian.com( h*p://www.seedbuzz.com(h*p://www.britannica.com(

Courtesy(Prof.(Achim(Walter,(ETH(Zurich(



Challenges	
  
in	
  Plant	
  Science	
  

Storing	
  crop	
  germplasm	
  in	
  the	
  Svalbard	
  Global	
  Seed	
  Vault	
  is	
  a	
  step	
  
in	
  the	
  right	
  direc=on,	
  but	
  how	
  useful	
  is	
  this	
  for	
  future	
  breeding?	
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Challenges	
  
in	
  Plant	
  Science	
  

The	
  Digital	
  Seed	
  Bank	
  and	
  DivSeek	
  will	
  link	
  Gene	
  Banks	
  with	
  
u=liza=on	
  of	
  crop	
  diversity	
  and	
  breeding	
  applica=ons	
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Diversity)
Func.onality)

!
•  Epigenome!
•  Transcriptome!
•  Proteome!
•  Metabolome!

U.liza.on)and)Breeding)Applica.on)

Digital)Seed)Bank ) )))))))DivSeek$
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Why	
  build	
  the	
  Digital	
  Seed	
  Bank?	
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Advantages:	
  
	
  
•  Provides	
  unprecedented	
  informa=on	
  for	
  development	
  of	
  novel	
  breeding	
  strategies	
  
•  Can	
  be	
  built	
  jointly	
  by	
  expert	
  centers	
  around	
  the	
  world	
  with	
  currently	
  available	
  technologies	
  
•  Links	
  molecular	
  and	
  biochemical	
  informa=on	
  to	
  genotype	
  and	
  phenotype	
  informa=on	
  (e.g.,	
  SNP	
  to	
  gene	
  

expression	
  and	
  epigene=c	
  allele	
  status)	
  
•  Establishes	
  a	
  quan=ta=ve	
  understanding	
  of	
  genes	
  and	
  networks	
  that	
  underlie	
  crop	
  biodiversity	
  
•  Facilitates	
  the	
  molecular	
  and	
  biochemical	
  understanding	
  of	
  quan=ta=ve	
  trait	
  expression	
  
•  Allows	
  cross-­‐species	
  comparison	
  of	
  molecular	
  and	
  biochemical	
  networks	
  responding	
  to	
  e.g.,	
  environmental	
  

stress	
  to	
  iden=fy	
  common	
  and	
  specific	
  regulatory	
  mechanisms	
  
•  Data	
  can	
  be	
  used	
  in	
  e.g.,	
  large-­‐scale	
  metabolic	
  modeling	
  for	
  predic=on	
  and	
  tes=ng	
  of	
  emergent	
  crop	
  proper=es	
  
	
  
Disadvantages:	
  
	
  
•  Restricted	
  sampling	
  (1,000	
  diverse	
  accessions	
  of	
  selected	
  crops,	
  e.g.,	
  cassava,	
  maize	
  rice,	
  wheat)	
  
•  Data	
  collec=on	
  restricted	
  to	
  organs,	
  developmental	
  stages	
  
	
  
Challenges:	
  	
  
	
  
•  Standardiza=on	
  of	
  methods,	
  (meta)	
  data	
  types	
  and	
  cura=on,	
  sta=s=cal	
  analyses,	
  ontologies,	
  database	
  

management	
  
•  Integrated	
  data	
  analysis	
  (works	
  for	
  genotype	
  X	
  epigenome	
  X	
  gene	
  expression	
  X	
  proteins,	
  but	
  s=ll	
  difficult	
  for	
  

metabolites	
  because	
  of	
  redundancies)	
  



Challenges	
  
in	
  Plant	
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Thank	
  you	
  for	
  your	
  aren=on.	
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