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In the US, late blight is usually caused by a limited number of unique genotypes, referred to 

as clonal lineages. Clonal lineages are propagated and transported on infected potato tubers and 

tomato seedlings and also by production of asexually produced sporangia and zoospores on the 

leaves and stems of infected plants.  Breeding for resistance to late blight has been an ongoing 

worldwide research focus in potato for several decades.  Despite this effort, the majority of 

commercially grown varieties are extremely susceptible to late blight.  This is likely due to a 

breeding "bottleneck" when potato was first introduced to Europe in the second half of the 16th 

century.  The lack of genetic diversity among potatoes became apparent in the mid-1800's during 

the Great Irish Famine.  Since then, breeders have been actively pursuing the development of late 

blight resistant varieties.  However, the goal of developing a cultivar with durable resistance has 

been difficult.  In addition to adding single sources of resistance from wild potato species, the 

combination of multiple resistance genes, called "pyramiding", into a single cultivar has been 

proven to be ineffective.  The cultivar 'Pentland Dell', which contained three different genes for 

resistance was released for production in 1963.  By 1967, new late blight strains arose that could 

overcome the resistance.  New resistant cultivars have been released since then, but they have 

very shallow market penetration so their durability with consistent late blight pressure is 

relatively unknown. 

The difficulty in breeding for late blight resistance is mainly due to the fact that the potato 

late blight pathogen, Phytophthora infestans, is able to rapidly evolve to overcome resistance 

genes once they are deployed.  The pathogen accomplishes this by secreting an arsenal of 

proteins, termed effectors, which function to modify host cells.  Although hundreds of candidate 

effectors have been identified in P. infestans, their roles in pathogenicity or virulence remains 

basically unknown. It is estimated that there are about 500-600 effectors secreted by P. infestans 

in order to modify potato or tomato to make it a better living environment.  Compared to other 

pathogens, this is an enormous number of effectors and is most likely the reason why late blight 

has proven so adaptable. 

The potato RB gene, derived from the wild species Solanum bulbocastanum, confers 

resistance to most P. infestans strains through recognition of members of the pathogen effector 

family IPI-O.  The reason RB is so effective is because all P. infestans strains contain at least one 

version of IPI-O, leading to the speculation that it might be a necessary component in the late 

blight arsenal.  RB acts as a sentry within the plant and, when it recognizes the presence of IPI-O 

it flips a molecular switch that turns on the plant's defense system.  What is somewhat troubling 

(but not unexpected), is that some P. infestans strains contain a variant of IPI-O that functions to 

sabotage RB and render it useless.  We have been very successful in understanding the 

mechanism that P. infestans uses to accomplish this (Chen et al. 2012).  Our work is now 

focused on identifying RB-like genes from wild species of potato or engineering new RB 

variants that are invulnerable to the activity of P. infestans effectors in order to try to stay one 

step ahead of late blight. 

Traditional breeding for late blight resistance in potato has focused on incorporating wild 

species germplasm into cultivated varieties.  In contrast to other regions of the world, the vast 

majority of potato breeding in the US is done within the public sector at universities and federal 

agencies.  Three commercially grown potato varieties, ‘Jacqueline Lee’ (Douches et al. 2001), 



‘Defender’ (Novy et al. 2006) and ‘Missaukee’ (Douches et al. 2010), contain foliar resistance to 

aggressive, mefenoxam-resistant genotypes of P. infestans first identified in North America in 

the 1990s.  Late blight resistance expressed in these varieties has been shown to be effective in 

reducing both the rate and frequency of fungicide applications, thereby reducing production costs 

for growers and mitigating environmental and consumer concerns (Kirk et al. 2005; Stevenson et 

al. 2007).  

Although there are currently no biotech (genetically modified) potatoes grown for 

consumption in the US, development of advanced germplasm using transgenic approaches is 

underway in the public and private sector.  The source of resistance in these materials is derived 

from S. bulbocastanum, where three major genes have been identified for late blight resistance 

(Song et al. 2003; Lokossou et al. 2009; van der Vossen et al. 2003; van der Vossen et al. 2005).  

These genes, RB (also named Rpi-blb1), Rpi-blb2, and Rpi-blb3, confer broad spectrum (RB and 

Rpi-blb2) and genotype specific (Rpi-blb3) resistance to P. infestans.  Although it is anticipated 

that these genes will provide effective late blight control, lineages of P. infestans that can 

overcome RB have been identified.  To combat the rapid evolution of P. infestans, we are 

focusing on advanced technologies to identify resistance genes that hold up against new 

pathogen strains and improve the time it takes to produce new varieties.  We expect that our 

ongoing efforts to understand how late blight causes disease will make us prepared to identify 

and deploy resistance quickly and effectively. 
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