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Are Needle Reactions in Resistance to     
Cronartium ribicola a Hypersensitivity Response? 

Katarina Sweeney,1 Jeffrey Stone,1 Kathy Cook,1 Richard A. Sniezko,2     
Angelia Kegley,2 and Anna W. Schoettle3 

White pine blister rust (WPBR) is caused by the fungal pathogen Cronartium ribicola. The pathogen 
is native to Eurasia and was introduced to North America early in the 20th century and is still 
spreading destructively throughout the range of native western white pines (Douglas ex D. Don) 
(McDonald and Hoff 2001). All of the North American five-needle (white) pines are susceptible to 
the pathogen and the disease is currently present in native populations of each species, except      
Pinus longaeva D.K. Bailey (Schwandt et al. 2010, Sniezko et al. 2011).  

Naturally occurring, heritable resistance to blister rust has been detected in populations of North 
American five-needle pine species and has provided the basis for operational resistance breeding 
programs for P. monticola Douglas ex D. Don and P. lambertiana Douglas for several decades 
(Sniezko et al. 2011) and more recently restoration and proactive management programs for the other 
species (Keane and Schoettle 2011, Schoettle and Sniezko 2007). One type of resistance to C. 
ribicola has been attributed to major gene resistance (MGR) and has been described as a classical 
hypersensitivity response (HR) in infected needles and is conferred through a dominant allele at loci 
designated Cr1, Cr2, and Cr3 in P. lambertiana, P. monticola, and P. strobiformis Engelm., 
respectively (Kinloch and Dupper 2002; Kinloch and Littlefield 1977; Kinloch et al. 1970, 1999). 
Basidiospores germinate on the needle surface and hyphae penetrate into the needle via the stomata. 
In Cr1, Cr2, and Cr3 genotypes, it has been presumed that HR-mediated cell death near the point of  
C. ribicola entry confines fungal growth and prevents colonization of the mesophyll and ultimately 
the vascular cylinder (see fig. 1). 

Localized cell death, or HR, is one of the major components of defense responses in plants against 
pathogen attack (Dangl and Jones 2001). It is generally characterized by rapid death of cells 
surrounding the infected tissues via vacuolar lysis, degrading of cellular machinery and complete 
cellular collapse. Generally, HR phenotypes are visible as yellow or brown necrotic lesions at the site 
of pathogen entry (Heath 2000, Morel and Dangl 1997). The HR constitutes coordinated plant 
responses to pathogen colonization, which involve oxidative burst with accumulation of reactive 
oxygen species (ROS), calcium ion fluxes, changes to the host cell wall, expression of pathogenesis-
related (PR) proteins and localized host cell death (Innes 1998, Liu and Ekramoddoullah 2003, van 
Doorn 2011). These are key components of HR, which usually occur within hours of attack by 
pathogens (Lamb and Dixon 1997). This autolytic cell death is a means to eliminate infected cells, 
which will simultaneously restrict flow of nutrients to the invading pathogen hyphae and delimit 
fungal spread. 

The HR is triggered by the interaction of disease resistance (R) genes of host plants and 
corresponding avirulence (AVR) genes in pathogens (Hammond-Kosack and Jones 1997, 
Staskawiecz et al. 2001). The AVR genes in the pathogen code for elicitor molecules that activate R 
genes in the host. Hence, host and pathogen recognize each other by their gene products and activate 
signal transduction cascades which orchestrate defense responses (Gilchrist 1998, Innes 1998). The 
complementary relationship between host and pathogen was first described as the gene-for-gene 
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hypothesis by Flor (1942, 1955). This system is highly specific, as only pathogens with AVR genes 
are detected by the host and subsequently induce the HR response in host tissues. Accordingly, 
genotypes of C. ribicola virulent to Cr1 P. lambertiana and Cr2 P. monticola have been termed vcr1 
and vcr2, respectively (Kinloch and Dupper 2002). Complementary virulence, avirulence, and 
resistance genes in C. ribicola and white pine host species appears to conform to the Flor gene-for-
gene model (Kinloch and Dupper 2002). 

In the C. ribicola pathosystem, the HR paradigm was described for the Cr1 phenotype in P. 
lambertiana and the Cr2 phenotype in P. monticola. Individuals resistant to C. ribicola were reported 
as having cell degeneration and necrosis leading to localized cell death at the site of fungal infection 
sufficient to stop pathogen growth. Kinloch and Littlefield (1977) noted that the onset of HR in 
resistant pines differs from that in classical HR; the onset of needle lesions in P. lambertiana is not 
observed until several weeks or even months after initial entry of C. ribicola. This observation 
suggests that the resistance mechanisms expressed by Cr1 or Cr2 may differ from the pattern of HR 
responses seen in most incompatible host reactions.  

To further evaluate the apparent HR response in this pathosystem, we undertook structural 
analyses of early C. ribicola colonization in susceptible and resistant P. monticola and P. lambertiana. 
Resistant and susceptible P. albicaulis Engelm. and P. flexilis James phenotypes are also being 
compared to the reactions seen in susceptible and Cr1 and Cr2 seedlings. Secondary needles were 
harvested from 2-year-old seedlings grown and inoculated at the U.S. Department of Agriculture, 
Forest Service, Dorena Genetic Resource Center (DGRC) in Cottage Grove, Oregon. The 
histopathology of infection in resistant P. monticola and P. lambertiana suggests that the symptoms 
associated with HR phenotypes and their underlying physiology are fundamentally different from the 
typical HR described in other host- pathogen systems (fig. 2). We observed extensive proliferation of 
fungal hyphae in the host and penetration of the needle endodermis and vascular tissue by the 
pathogen prior to the onset of cell necrosis. Furthermore, preliminary results suggest the amount of 
fungal tissue present and its growth may be similar for both resistant and susceptible white pines (fig. 
2). 

Our results suggest that although resistance to WPBR in P. monticola and P. lambertiana 
conforms to the genetic model of HR, the mechanism of resistance may differ from that of typical HR. 
Histological examination of infected needles from Cr1 and Cr2 seedlings suggest that the blister rust 
pathogen proliferates within the host rapidly after inoculation and several weeks before the onset of 
typical macroscopic needle lesion symptoms or microscopic signs of autolytic cell death or tissue 
necrosis. Analyses of infection in resistant and susceptible P. albicaulis and P. flexilis phenotypes 
will provide additional insights. Resulting information will be used to help interpret resistance 
mechanisms in the species and provide baseline information useful for resistance breeding and 
disease management.  
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Figure 1—Cross section from a non-inoculated Pinus monticola secondary needle embedded with 
methacrylate and stained with toluidine blue. Arrows indicate the infection pathway. Pathogen enters 
through the stoma and grows within the mesophyll. The endodermis forms a barrier between 
mesophyll and vascular tissue. Crossing the endodermal layer and entrance into the vascular tissues 
allows the pathogen to spread into stem. Scale bar = 100µm. (Image: K. Cook) 
 

 
Figure 2—Cross section from resistant (Cr1) Pinus lambertiana secondary needle embedded with 
methacrylate and stained with toluidine blue. Sample taken from 2-year-old seedling, 6 weeks after 
inoculation with wild-type rust. Arrows point to Cronartium ribicola invading vascular tissues and 
endodermal cells. Scale bar = 100um. (Image: K. Cook) 
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