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There can be few diseases of plants that 
have had a more profound effect on human 
health, society and politics than potato late 

blight. Emerging in the mid-1840s, the disease 
rapidly became pandemic, precipitating the Great 
Famine, which led to almost a million deaths in 
Ireland and the emigration of many more, plus con-
siderable loss of life and extreme political upheaval 
throughout mainland Europe (Zadoks, 2008).

The water mould Phytophthora infestans was 
first identified as the probable cause of late blight 
by Miles Joseph Berkeley in 1846, almost 20 years 
before Louis Pasteur formally proposed the germ 
theory of disease. As such, it has been credited 
with establishing the field of plant pathology, 
and is a major milestone in the foundation of 
epidemiology as a scientific discipline. Now, 
more than 160 years later, Hernán Burbano of the 
Max Planck Institute for Developmental Biology 
and co-workers have combined the power of 
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The early days of late blight
Large-scale DNA sequencing of samples of foliage collected in the 
19th century from plants infected with late blight has shown that the 
potato famines of the 1840s were triggered by a single clonal lineage 
of Phytophthora infestans, called HERB-1, which persisted 
for at least 50 years.
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Image The pathogen P. infestans has spread 

around the world from Mexico since the 1840s

next-generation sequencing technology with the 
availability of herbarium samples to peek through 
a 50-year window of history at the genome of 
the pathogen that contributed to so much human 
suffering (Yoshida et al., 2013).

Work in the 1990s by researchers at Cornell 
University revealed a dominant lineage of P. 
infestans, dubbed US-1, which was identified in 
13 countries on four continents. This lineage was 
defined by nuclear DNA markers and, crucially, 
a mitochondrial haplotype termed Ib, and the 
Cornell team proposed that it had emerged from 
Mexico in the 1840s to cause severe crop losses 
on a global scale (Goodwin et al., 1994). However, 
this idea was challenged when researchers at 
North Carolina State University identified a dif-
ferent type of mitochondrial DNA in herbarium 
samples of potato late blight collected between 
1845 and 1886 (Ristaino et al., 2001).

Now, Burbano and co-workers—including 
Kentaro Yoshida of the Sainsbury Laboratory and 
Verena Schuenemann of the University of Tübingen 
as joint first authors, plus colleagues at other 
centres in Germany and the US—have sequenced 
the genome of P. infestans from 11 infected leaf 
samples that were gathered in Ireland, Great Britain, 
Germany and Canada between 1845 and 1896 
(Yoshida et al., 2013). They found that the 
pathogen strains in all samples were representa-
tives of a single lineage, which they have called 
HERB-1. This strain of P. infestans was responsible 
for the first global migration of the pathogen in 
the 1840s, and then persisted for at least 50 years. 
It has not been observed in modern times, but is 
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clearly a close relative of US-1. Analysis of both 
mitochondrial and nuclear DNA showed HERB-1 
and US-1 to be sister groups in a clade distinct 
from contemporary genotypes.

Mexico is the foremost centre of P. infestans 
diversity in the world, but Yoshida, Schuenemann 
et al. propose that HERB-1 and US-1 emerged 
from a metapopulation that was established 
outside of Mexico in the early 19th century and 
that US-1 displaced HERB-1 at some point in 
the 20th century (Figure 1). The new work also 
emphasises the threats associated with the 
movement of pathogens between continents, 
and highlights the occurrence of waves of path-
ogen migration and genotype displacement. 
Indeed, dramatic shifts in P. infestans populations 
are still being observed today with, for example, 
the aggressive genotype 13_A2 displacing other 
genotypes across Europe over a period of less 
than three years (Cooke et al., 2012), and the 
rapid emergence of genotype US-22 in the 
eastern USA in 2009 (Fry et al., 2013). Moreover, 
it should be possible to use the newly obtained 

DNA sequences to develop markers that allow 
20th century samples to be tested for the pres-
ence of HERB-1. It will be interesting to figure out 
what happened between 1900 and the 1970s, 
when new populations began to displace US-1 
in Europe (Figure 1).

Although these latest results provide new 
insights into the pathogen responsible for fam-
ines in the 19th century, questions remain about 
the precise cause and timing of subsequent waves 
of new lineages. Yoshida et al. found no evidence 
for the positive selection of particular genes that 
might have driven displacement of HERB-1 by 
US-1. They hypothesised that cross breeding 
commercial potatoes with Solanum demissum, 
a wild species of potato that is resistant to some 
lineages of P. infestans, in Europe in the 1930s-1950s 
may have driven selection against HERB-1 and, 
by inference, favoured the US-1 strain that dis-
placed it. This is an interesting theory, and there is 
a clear example of a widely grown commercial 
cultivar (the Pentland Dell) that contained resist-
ance genes from S. demissum that were subse-
quently ‘broken’ by a changing pathogen population 
(Malcolmson, 1969; Fry, 2008). However, more 
data are needed to test this hypothesis.

Yoshida et al. propose that US-1 and HERB-1 
come from a single metapopulation that was itself 
derived from Mexican populations that were likely 
to have been exposed to S. demissum. Should 
we expect to see a difference in the response of 
the different lineages of P. infestans to this form 
of resistance? Understanding the co-evolution 
of hundreds of virulence genes in the pathogen 
(Haas et al., 2009) with potentially similar num-
bers of resistance genes in potato (Jupe et al., 
2012) is challenging, and datasets such as this 
should help to answer this question.

HERB-1 existed as a clonal (asexual) lineage 
for at least 50 years with a generation time as 
short as a few days during each cropping season. 
The long-term evolutionary consequences of 
such clonality are that deleterious mutations can 
accumulate. The decline in fitness caused by 
these mutations is an example of Muller’s ratchet 
in action (Goodwin, 1997) and might explain why 
lineages emerging from the sexually reproducing 
metapopulation described by Yoshida et al.  
displaced HERB-1. Yoshida et al. provide further 
support for such a scenario by showing that HERB-1 
was diploid but US-1 and contemporary clonal line-
ages often have increased ploidy. It could be that 
such increased genetic diversity, providing a 
buffering capacity against deleterious mutations, 
offered subsequent lineages an evolutionary advan-
tage over HERB-1.

Figure 1. Schematic representation of the time-line for 
the emergence of major lineages of Phytophthora 
infestans, the pathogen that causes late blight in 
potatoes, as proposed by Burbano and co-workers 
(Yoshida et al., 2013). P. infestans and P. mirabilis 
(a pathogen that does not infect potatoes) are thought 
to have diverged from a common ancestor about 
1200 years ago. Since then there have been at least 
three major migrations of P. infestans from a sexually 
reproducing population in Mexico (shown by black 
triangles). The first involves a metapopulation established 
in an unknown region, from which HERB-1 and US-1 
emerged and spread around the world. US-1 is rarely 
found in contemporary populations (as indicated by the 
dotted black line) and HERB-1 is not found anywhere 
today (red cross). A shipment of potatoes from Mexico 
into Europe during a drought in 1976 is thought to be 
the source of the population of P. infestans that 
displaced US-1 in Europe and resulted in the emergence 
of aggressive new clones such as 13_A2 (also known as 
Blue13). Lastly, independent migrations into the US 
resulted in the dominance of the US-8 lineage, 
although this is now being displaced by other lineages 
such as US-22. The precise timing of the displacement 
of HERB-1 by US-1 remains undefined.
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Emerging diseases present serious threats  
to human health and to the health of livestock, 
crops and natural ecosystems. We have seen an 
increase in emerging diseases in the past two 
decades, likely due to increased trade, transport 
and travel, and perhaps due also to changes  
in climate (Fisher et al., 2012). By providing 
significant insights into the make-up of one of 
the most notorious emerging diseases in history, 
the work of Burbano, Yoshida, Schuenemann and 
colleagues offers us a valuable opportunity to learn 
from the past.

Paul RJ Birch is at the Division of Plant Sciences, 

University of Dundee, Dundee, United Kingdom and 

the James Hutton Institute, Dundee, United Kingdom 

paul.birch@hutton.ac.uk

David EL Cooke is at the James Hutton Institute, 

Dundee, United Kingdom  

david.cooke@hutton.ac.uk

Competing interests: The authors declare that no 

competing interests exist.

Published 18 June 2013

References
Cooke DEL, Cano LM, Raffaele S, Bain RA, Cooke LR, 
Etherington GJ, et al. 2012. Genome analyses of an 
aggressive and invasive lineage of the Irish potato 
famine pathogen. PLOS Pathogens 8:e1002940. 
doi: 10.1371/journal.ppat.1002940.
Fisher MC, Henk DA, Briggs CJ, Brownstein JS, 
Madoff LC, McCraw SL, et al. 2012. Emerging fungal 
threats to animal, plant and ecosystem health. Nature 
484:186–94. doi: 10.1038/nature10947.

Fry WE. 2008. Phytophthora infestans: the plant (and 
R gene) destroyer. Mol Plant Pathol 9:385–402. 
doi: 10.1111/j.1364-3703.2007.00465.x.
Fry WE, McGrath MT, Seaman A, Zitter TA, McLeod A, 
Danies G, et al. 2013. The 2009 late blight pandemic 
in the Eastern United States – causes and results. 
Plant Disease 97:296–306. doi: 10.1094/
PDIS-08-12-0791-FE.
Goodwin SB, Cohen BA, Fry WE. 1994. Panglobal 
distribution of a single clonal lineage of the Irish 
famine fungus. Proc Natl Acad Sci USA 91:11591–5. 
doi: 10.1073/pnas.91.24.11591.
Goodwin SB. 1997. The population genetics of 
Phytophthora. Phytopathology 87:462–73. 
doi: 10.1094/PHYTO.1997.87.4.462.
Haas BJ, Kamoun S, Zody MC, Jiang RH, Handsaker RE, 
Cano LM, et al. 2009. Genome sequence and analysis of 
the Irish potato famine pathogen Phytophthora infestans. 
Nature 461:393–8. doi: 10.1038/nature08358.
Jupe F, Pritchard L, Etherignton GJ, Mackenzie K, 
Cock PJ, Wright F, et al. 2012. Identification and 
localisation of the NB-LRR gene family within the 
potato genome. BMC Genomics 13:75. 
doi: 10.1186/1471-2164-13-75.
Malcolmson JF. 1969. Races of Phytophthora infestans 
occurring in Great Britain. Trans Br Mycol Soc 
53:417–23. doi: 10.1016/S0007-1536(69)80099-9.
Ristaino JB, Groves CT, Parr GR. 2001. PCR 
amplification of the Irish potato famine pathogen 
from historic specimens. Nature 411:695–7. 
doi: 10.1038/35079606.
Yoshida K, Schuenemann VJ, Cano LM, Pais M, Mishra B, 
Sharma R, et al. 2013. The rise and fall of the 
Phytophthora Infestans lineage that triggered the Irish 
potato famine. eLife 2:e00731. doi: 10.7554/eLife.00731.
Zadoks JC. 2008. The potato murrain on the European 
continent and the revolutions of 1848. Potato Res 
51:5–45. doi: 10.1007/s11540-008-9091-4.

http://dx.doi.org/10.7554/eLife.00954
mailto:paul.birch@hutton.ac.uk
mailto:david.cooke@hutton.ac.uk
http://dx.doi.org/10.1371/journal.ppat.1002940
http://dx.doi.org/10.1038/nature10947
http://dx.doi.org/10.1111/j.1364-3703.2007.00465.x
http://dx.doi.org/10.1094/PDIS-08-12-0791-FE
http://dx.doi.org/10.1094/PDIS-08-12-0791-FE
http://dx.doi.org/10.1073/pnas.91.24.11591
http://dx.doi.org/10.1094/PHYTO.1997.87.4.462
http://dx.doi.org/10.1038/nature08358
http://dx.doi.org/10.1186/1471-2164-13-75
http://dx.doi.org/10.1016/S0007-1536(69)80099-9
http://dx.doi.org/10.1038/35079606
http://dx.doi.org/10.7554/eLife.00731
http://dx.doi.org/10.1007/s11540-008-9091-4

