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DG = k*  ̀ P* h
2       Everything you need to 

know about breeding is in this equation 

ÅThe importance of genetic variation (h2  = ̀ G / P̀)  
ÅK, ̀ P, h

2 are subject to disruptive technologies which may improve 
efficiency* of selection (or may just cost a lot of money). 

ÅLarger populations improve measurement of G̀ 

 
 
 
 
*Efficiency 
DG  
Cost 
Time 
 



"Those that fail to 
learn from history, are 
doomed to repeat it."  
Winston Churchill 

"We learn from 
history that we learn 
nothing from history."  
George Bernard 
Shaw  



S. pimpinellifolium, S. galapagense  (plant form) 
S. pennellii, S. peruvianum, S. pimpinellifolium (resistance) 

as source of ̀G 
 

Plant breeding has always been more effective when coupled to 
new technology, whether that technology is production, 
harvesting, or breeding (e.g. development of mechanically 
harvested tomato) 



Most of our disease resistance has come from 
wild species ̀G 



Many of the differences between 
market classes are due to genes 

from wild species ̀G 

 



Take home messages: 
ÅNGS sequence data is providing a resource for 
ŀƭƭŜƭŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴΣ ōǳǘΧ 
ÅLack Reference (elite material) 
ÅLack structure-function information 

ÅFastest way to evaluate new alleles is breeding 
ÅCRISPR/CAS9 is the newest mutation breeding 

tool (loss of function will be more common) 
ÅGS models show promise for prediction of 

performance 
ÅLarge populations and biological assessment 

Knowledge of traits and trait relationships 
 



Since October 2014 We have ~500 tomato genomes in 
public databases:  how can we use this information? 

Tomato Genome Consortium -  2012                 Resequencing projects 2014 
(Reference sequence) 





Cluster of tm-2 alleles from of 85 unique genomes in 
άмрл ƎŜƴƻƳŜέ ǇǊƻƧŜŎǘ 



S R 

Cluster of tm-2 alleles from of 85 ǳƴƛǉǳŜ ƎŜƴƻƳŜǎ ƛƴ άмрл 
ƎŜƴƻƳŜέ ǇǊƻƧŜŎǘ Ҍ н ǊŜǎƛǎǘŀƴŎŜ ŀƭƭŜƭŜǎ ¢Ƴ-2 and Tm-2a 

όƭŜǘΩǎ ǎŜǉǳŜƴŎŜ ǊŜƭŜǾŀƴǘ ƎŜǊƳǇƭŀǎƳΧύ 



Susc. 

Res. 

ÅEvaluation of accessions for Tm2 DNA Sequence, virus symptoms, 
and antibody reactivity. 

ÅResistant phenotypes found on most nodes of accession tree 
Susceptible phenotypes found on most nodes of accession tree. 

ÅOnly predictability when we all ready know the allele. 
ÅWe lack sufficient structure-function information to predict new 

resistance alleles. 



Creation of new genetic variation 
άDŜƴŜ 9ŘƛǘƛƴƎέ ǘŜŎƘƴƻƭƻƎƛŜǎ 
1) Zinc finger nucleases  
2) Transcription activator-like nucleases (TALENs) 
3) Clustered regularly interspaced short palindromic repeats 
(CRISPR)/CRISPR-associated 9(Cas9) endonuclease 
 
1 and 2 are based on protein-DNA interactions, 3 is an RNA-guided DNA 
endonuclease system 



Image from:  Horvath P, Barrangou R (2010). 
"CRISPR/Cas, the immune system of bacteria 
and archaea". Science 327 (5962): 167�t170. 

To alter a target gene, supply Cas9 and 
the guide RNA 
 
 
 
 
 
 
 
Easier to knock out (remove function) 
than to create a new function ς there 
are exceptions to this rule 


