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Novel insights into the emergence of
pathogens: the case of chestnut blight
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Exotic, invasive pathogens have emerged repeatedly and

continue to emerge to threaten the world’s forests. Eco-

system structure and function can be permanently chan-

ged when keystone tree species such as the American

chestnut (Castanea dentata) are eliminated from a whole

range by disease. The fungal ascomycete pathogen Cry-

phonectria parasitica is responsible for causing chestnut

blight. Once the pathogen was introduced into the East-

ern US, where chestnuts were predominant, chestnuts

were all but eliminated. This pathogen is currently caus-

ing extensive damage in Europe. A study in this issue of

Molecular Ecology sheds new light on the pattern and

process of emergence of this devastating plant pathogen

(Dutech et al. 2012). The authors used microsatellite

markers to investigate the evolutionary history of C. par-

asitica populations introduced into North America and

Europe. To infer sources of migrants and the migration

events, the authors included putative source populations

endemic to China and Japan, inferred potentially unsam-

pled populations and conducted a multivariate popula-

tion genetic and complex ABC analysis. Cryphonectria

parasitica emerges as an example of an introduced patho-

gen with limited genotypic diversity and some admixture

in the invaded ranges, yet repeated invasions into differ-

ent areas of Europe and the United States. This work

sheds new light on the emergence of C. parasitica pro-

viding compelling evidence that this pathogen emerged

by repeated migration and occasional admixture.
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Pathogens continue to emerge at an accelerated rate, given

a world based increasingly on international trade and tra-

vel. Recently emerged, memorable examples of pathogens

include the sudden oak death pathogen Phytophthora ramo-

rum decimating oak forests in the Western United States

(Grünwald et al. 2012, 2008; Rizzo et al. 2005) or the chy-

tridiomycosis pathogen Batrachochytrium dendrobatidis lead-
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ing to loss of biodiversity in amphibians (Fisher et al. 2009;

Kilpatrick et al. 2010). Upon introduction, populations are

often clonal or show a bottleneck effect and subsequently

typically undergo clonal expansion as they colonize new

areas (Dutech et al. 2012; Farrer et al. 2011; Goss et al.

2009; Milgroom et al. 2008; Vercauteren et al. 2010). New

migrants can admix additional clones or lineages into exist-

ing populations. Sexual recombination can further obscure

the picture by recombining exiting lineages into new geno-

types. Teasing apart the effects of repeated migration from

different populations and admixture from clonal diver-

gence or sex is not easy, but a careful population genetic

analysis can provide deeper insights into the processes

responsible for patterns of emergence observed in patho-

gens (Grünwald & Goss 2011; Marjoram & Tavare 2006).

The emergence of C. parasitica in North America and

Europe has been well documented, and it is thought that

C. parasitica originated in Asia and was introduced into

North America and Europe to the native American chest-

nut C. dentata and European chestnut C. sativa, respec-

tively (Anagnostakis 1987) (Fig. 1). As expected,

populations in Asia are more diverse than populations

elsewhere (Liu et al. 1996; Milgroom & Cortesi 1999; Mil-

groom et al. 1992). Populations in the United States appear

to be randomly mating but are less diverse than Asian

populations (Liu et al. 1996). Populations in Europe

expanded range considerable since introduction but are

mainly clonal (Dutech et al. 2010, 2008; Milgroom et al.

2008; Prospero & Rigling 2012).

Dutech et al. (2012) provide novel insights into the evo-

lutionary history of the chestnut blight pathogen by using

two recently available techniques, ABC analysis and discri-

minant analysis of principal components (DAPC). Approxi-

mate Bayesian computation (ABC) methods, a family of

computational approaches relying on Bayesian statistics,

have emerged as a powerful toolbox to infer the evolution-

ary history of organisms (Beaumont 2010; Marjoram & Tav-

are 2006). ABC analysis relies on simulation techniques to

obtain summary data to make broad inferences about the

patterns observed. As performed by Dutech et al. (2012),

ABC analysis is used to evaluate the likelihood of observ-

ing several scenarios of colonization of North America

including for example: introduction from a single Asian

population versus invasion as a result of admixture

between several Asian populations after separate introduc-

tion events into the United States. ABC analysis provided

support for introduction from several populations from

Asia, including Japan and one potentially unsampled pop-

ulation. ABC analysis proved to be more powerful than

traditional analyses based on genetic distance, differentia-

tion or assignment. DAPC analysis is a multivariate statisti-

cal technique that infers genetic clusters in sampled

populations (Jombart et al. 2010). Sequential K-means clus-
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Fig. 1 Massive blight of European chestnuts observed in a

Bulgarian Forest caused by the introduction of the chestnut

blight pathogen Cryphonectria parasitica (source: Milko Milev).
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tering and model selection are used to infer clusters. One

of the strengths of DAPC is that it does not assume a pop-

ulation genetic model. DAPC analysis provided strong

support for at least two introductions of the pathogen into

France, including an American source population for

south-eastern France. Additional introductions into France

likely occurred from China and ⁄ or Japan.

Understanding the evolutionary history of an invasive

organism helps manage current invasions and avoid future

invasions by providing insights into migration pathways.

Understanding emergence can help avoid re-emergence.

The effort by Dutech et al. (2012) provides critical insights

for the management of chestnut forests, avoidance of fur-

ther introductions and breeding of chestnut for resistance

to C. parasitica as knowledge of pathogen populations is

critical to target breeding efforts.
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