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• Supplying sufficient food in the 21 century 

• What is sustainable agriculture? 

• The key role of plant science and genomics 
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Arable	
  Land	
  -­‐	
  A	
  Limited	
  Resource	
  

Arable	
  land	
  projected	
  to	
  decline	
  	
  
from	
  0.38	
  hectares	
  in	
  1970	
  to	
  	
  
0.15	
  hectares	
  per	
  person	
  in	
  2050	
  

Total	
  land	
  on	
  earth:	
  	
  
12.8	
  billion	
  hectares	
  

Land is a limiting resource for plant productivity 
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Report	
  to	
  the	
  Australian	
  Greenhouse	
  Office,	
  Department	
  of	
  the	
  Environment	
  and	
  Heritage,	
  March	
  2005	
  

Water	
  -­‐	
  A	
  Limited	
  Resource	
  

•  World	
  water	
  consumpEon	
  doubled	
  over	
  the	
  last	
  50	
  years	
  
•  SEll	
  1.3	
  billion	
  people	
  do	
  not	
  get	
  enough	
  drinking	
  water,	
  by	
  2050	
  this	
  number	
  could	
  double	
  

Water	
  	
  
availability	
  

Source:	
  United	
  NaJons	
  Environment	
  Program	
  2005	
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1940	
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• 	
  AU	
  1,440	
  

• 	
  USA	
  617	
  

• 	
  EU	
  210	
  

• 	
  Africa	
  48	
  

L/day/person	
  used	
  

Water	
  	
  
availability	
  

Worldwide,	
  70%	
  of	
  all	
  water	
  is	
  used	
  for	
  agriculture	
  	
  

Water	
  	
  
producEon	
  

Water is a limiting resource for plant productivity 



Predicted impact of global climate change on 
agricultural productivity 



coarse grains 
51% 

wheat 
29% 

rice 
20% 

Grasses provide the bulk of 
human nutrition 



WORLD	
  WHEAT	
  YIELD	
  TRENDS	
  
(5	
  Year	
  Moving	
  Average	
  -­‐	
  tonnes/ha)	
  

Source: Chudleigh, 2008 



Understand to exploit 
•  More from less: 2x by 2050 (“Sustainable intensification”)	
  



Large-­‐	
  scale	
  
agriculture	
  

<10	
  

DomesGcated	
  	
  

Species	
  

<1,000	
  

Wild	
  species	
  

>100,000	
  

Most of our food comes from a few domesticated species 



Faster,	
  more	
  precise	
  
selecGon	
  of	
  desired	
  geneGc	
  
combinaGons	
  using	
  geneGc	
  markers	
  
and	
  precision	
  phenotyping	
  

(poten'al	
  to	
  halve	
  'me	
  taken	
  	
  to	
  breed	
  
new	
  varie'es)	
  

Wider	
  range	
  of	
  	
  
geneGc	
  variaGon	
  
into	
  breeding	
  

(uses	
  wild	
  rela'ves	
  and	
  	
  
new	
  gene'c	
  combina'ons)	
  

A:er	
  Tanksley	
  and	
  McCouch.	
  Science	
  277,1063.	
  

Precise	
  geneGc	
  
combinaGons	
  
selected	
  with	
  desired	
  
phenotypes	
  

(new	
  traits	
  taken	
  from	
  
the	
  wild	
  into	
  elite	
  lines)	
  

Genomics can accelerate plant breeding using more 
diverse germplasm 



Advanced	
  crop	
  breeding	
  systems	
  

• Genome	
  sequencing	
  of	
  mulGple	
  lines	
  

• High	
  throughput	
  genotyping	
  

• Greater	
  understanding	
  of	
  gene	
  funcGon	
  using	
  model	
  
• systems	
  such	
  as	
  Arabidopsis	
  and	
  Brachypodium	
  

• Efficient	
  gene	
  transfer	
  systems	
  

• ExploiGng	
  new	
  sources	
  of	
  geneGc	
  variaGon	
  

• More	
  efficient	
  breeding	
  pipeline	
  from	
  the	
  lab	
  to	
  	
  
	
  	
  the	
  field	
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Genetic model 2009 

hYp://www.arabidopsisreactome.org	
  



Economically significant grass sub-families 

Ehrhartoideae	
  

Oryza	
  	
  

	
  	
  Oryza	
  saJva	
  (rice)	
  

Pooideae	
  

Aveneae	
  	
  

	
  	
  Avena	
  (oat)	
  

Brachypodieae	
  

	
  	
  Brachypodium	
  

TriGceae	
  	
  

	
  	
  Hordeum	
  (barley)	
  

	
  	
  Secale	
  (rye)	
  

	
  	
  TriJcum	
  (wheat)	
  

Poeae	
  

	
  	
  Lolium	
  

	
  	
  Festuca	
  

Panicoideae	
  

Paniceae	
  	
  

	
  	
  Panicum	
  (switchgrass)	
  

Andropogoneae	
  	
  

	
  	
  Sorghum	
  

	
  	
  Saccharum	
  (sugarcane)	
  

	
  	
  Zea	
  (maize)	
  	
  

	
  	
  Miscanthus	
  

Source:	
  hWp://beta.uniprot.org/taxonomy/	
  



	
  454	
  XLR 	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  Illumina	
  Hi	
  Seq	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  SOLiD/ABI	
   	
  	
  

bases/read	
  	
   	
   	
  500 	
   	
   	
   	
  35	
   	
   	
   	
   	
   	
  50	
  
Read	
  length 	
   	
  >750 	
   	
   	
  120 	
   	
   	
   	
   	
  50	
  
Bases	
  per	
  run 	
   	
  500,000,000 	
   	
  2,000,000,000	
   	
   	
  5,000,000,000	
   	
   	
  	
  
cost/run 	
   	
   	
  	
  £4000 	
   	
   	
  £3000	
   	
   	
   	
   	
  £6000	
  
Cost/kb 	
   	
   	
  	
  £0.016 	
   	
   	
  £0.003 	
   	
   	
   	
  £0.00012	
  
Accuracy	
  	
   	
   	
  Very	
  Good 	
   	
  Excellent	
  	
   	
   	
   	
  Very	
  Good	
  

Genome	
  analysis	
  technology	
  is	
  changing	
  



MR	
  StraWon	
  et	
  al.	
  Nature	
  458,	
  719-­‐724	
  (2009)	
  doi:10.1038/nature07943	
  

Improvements	
  in	
  the	
  rate	
  of	
  DNA	
  	
  
sequencing	
  over	
  the	
  past	
  30	
  years	
  and	
  into	
  the	
  future.	
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Whole	
  genome	
  synteny	
  analysis	
  



Defining an orthologous gene set for 
comparison 



WHOLE	
  GENOME	
  SEQUENCING	
  ACTIVITIES	
  

CAS/BGI	
  
CAAS/BGI	
  

CSHL	
  

CSHL	
  

TGAC,	
  
CSHL	
  

LIVERPOOL,	
  

TSL	
  



Analysis pipelines for genome sequence 

WGS	
  ConGgs	
  
3,8Gbp	
  

OrthoMCL	
  
RepresentaGves	
  
Hv/Bd/Os/Sb	
  
20,051repr.	
  

BLASTX	
  

FILTERING	
  AND	
  MAPPING	
  

alignment	
  length	
  	
  	
  ≥30AA	
  	
  
alignment	
  id	
   	
  	
  	
  	
  ≥80%	
  Hv,	
  	
  

	
  	
  	
  	
  ≥75%	
  Bd	
  
	
  	
  	
  	
  ≥	
  70%	
  Os	
  /	
  Sb	
  

First	
  best	
  hit	
  	
  
of	
  mulEple	
  mapped	
  
conEgs	
  

COPY	
  NUMBER	
  

WGS	
  454	
  Reads	
  
~85Gbp	
  

TREP	
  /	
  ASSEMBLY	
  

WGS	
  454Reads	
  
≥50bp unmasked 

23Gbp	
  

BLASTX	
  

REPEAT	
  MASKING	
  

FILTERING	
  AND	
  MAPPING	
  

STRINGENT	
  ASSEMBLY	
  OF	
  MAPPED	
  454	
  READS	
  
FOR	
  EACH	
  REPRESENTATIVE	
  (NEWBLER)	
  

REMAPPING	
  OF	
  CONTIGS	
  

COPY	
  NUMBER	
  

WHOLE	
  GENOME	
  ASSEMBLY	
  ANALYSIS	
   SUB-­‐ASSEMBLY	
  ANALYSIS	
  



PHENOTYPING	
  

GENOMICS	
  AND	
  GENOTYPING	
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Graham	
  Moore,	
  JIC	
  



Van	
  Leene	
  2007	
  	
  

Cell	
  Cycle	
  
interactome	
  

Molecular	
  &	
  Cell	
  
Proteomics:
1226-­‐1238	
  

GENE	
  NETWORK	
  ANALYSIS	
  



Systems genetics analysis of complex traits 



I S A A A 



I S A A A 

Source: Clive James, 2011 

2006 2010 2015 

# of Biotech 
Countries 

22 29 ~ 40 

# of Farmers 
Planting 
Biotech Crops 

10 Million 15.4 
Million 

~ 20 
Million   

Global Biotech 
Area 
m. hectares 

100 Million 
Hectares 

148 Million 
Hectares 

~200 
Million 

Hectares 
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