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Phytophthora infestans, an oomycete pathogen, caused the Irish potato famine and is a threat to 
food security globally. Phytophthora infestans was the first species in the genus described and 
left a path of devastation on potato in its wake in the US, Ireland and Europe in the nineteenth 
century. Several important research questions of interest in my lab include the identity and 
source of famine-era lineages, understanding the global distribution of the famine lineage, 
understanding effector diversity though time and the evolutionary history of the Ic clade of 
Phytophthora. We have identified and tracked the spread of historic P. infestans using multilocus 
genotyping, next generation sequencing, microsatellites, geospatial analytics, and data mining 
and novel detection methods. 
 
Using historic herbarium specimens, we identified the type Ia mitochondrial lineage caused 
famine era outbreaks and documented that US-1 (type 1b mitochondrial lineage) migrated later 
in the mid 20th century globally (May & Ristaino, 2004; Ristaino et al., 2001). We have studied 
the evolutionary history of the pathogen over the past 150 years and examined differences in 
historic and modern day genomes (Martin et al., 2013; Martin et al., 2014). Interestingly, genes 
known to be important for virulence in modern P. infestans were absent in historic strains 
(Martin et al., 2013).  
 
Martin et al., (2013) and Yoshida et al., (2013) sequenced genomes from historical P. infestans 
from infected potato samples in Europe. Both studies corroborated Ristaino et al., (2001) 
concluding that the historical lineage was not US-1. The famine lineage was distinct from modern 
P. infestans lineages at avirulence loci, and lacked many of the virulent forms of Avr genes, 
suggesting the pathogen genome has expanded over time. Yoshida also suggested that the 
lineage first emerged in the US from a Mexican source and was rare or possibly extinct (Birch 
et al., 2013; Yoshida et al., 2013). Martin et al., (2014) refuted this claim by sequencing 
45 additional mitochondrial genomes (Avila-Adame et al., 2006) from historic samples, and 
modern samples and found the famine lineage was not extinct. In addition, the mtDNA 
haplotype of the famine lineage (HERB-1) (Yoshida et al., 2013) was identified in the Andean 
hybrid species P. andina, suggesting that this mtDNA haplotype was not exclusive to P. infestans 
and that it still exists in South America (Martin et al., 2014; Martin et al., 2016). 
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Figure 1.  A) Geographic distribution of multilocus genotypes of Phytophthora infestans. Small blue 
circles indicate FAM-1 SSR lineage found before 1900, and larger circles indicate samples collected after 
1900. Genetic clusters correspond to K = 4 groups by color. Illustration reproduced from Figure 1 
Saville et al., 2016 under open access article Creative Commons 
https://dx.doi.org/10.1371/journal.pone.0168381  
 
 
A larger set of historic US and European P. infestans from herbaria (1846-1970) and more 
recent isolates (1992-2014) were genotyped with 12 plex SSR multilocus genotyping (Saville 
et al., 2016). A single, unique SSR multilocus genotype, named FAM-1, caused outbreaks in both 
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the US and Europe and was widely distributed (Figure 1). Interestingly, the FAM-1 lineage 
shared allelic diversity and grouped with the oldest historic specimens collected in Colombia and 
Costa Rica in the early 20th century. The FAM-1 lineage of P. infestans formed a genetic group 
that was distinct from more recent aggressive lineages found in the US. The US-1 lineage arose 
later and formed a second, mid-20th-century group with shared allelic diversity with  
US-1 lineages from Peru. The FAM-1 SSR lineage survived for almost 140 years in the US and 
was geographically more widespread than originally assumed. This is evidence that FAM-like 
genotypes once existed in Ecuador, Colombia, and Peru, the known range of P. andina (Martin 
et al., 2016; Saville et al., 2016). Clearly, further studies of the 1c clade of Phytophthora are 
warranted in the region to learn more about the early evolution of P. infestans. More recent 
aggressive lineages formed a genetic group that was distinct from historic lineages (Martin et al., 
2016). The FAM-1 spread beyond the US and Europe into Africa, Asia and Australia/ Oceania. 
 
Population genomics data from historic P. infestans also links ancestral lineages to P. andina in 
the Andes. Admixture was found between P. andina and the historical famine era-European 
lineage (Martin et al. 2016). An important finding from our work is that the famine lineage from 
historical Europe is one of the parents of the hybrid P. andina that is endemic to the Andean 
highlands of South America. As the P. andina lineages are the most basal in a phylogeny that 
includes much of the known diversity of P. infestans, this indicates that it diverged early on in 
the history of P. infestans. Thus, the closest relative of P. infestans is likely endemic in South 
America on a wild host. We are developing new knowledge and using new tools including 
sensors, population genomics and geospatial surveillance to observe, contain and limit outbreaks 
by this important plant disease. 
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