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ABSTRACT 

Stewart, J. E., Kim, M.-S., James, R. L., Dumroese, R. K., and 
Klopfenstein, N. B. 2006. Molecular characterization of Fusarium 
oqsporum and Fusarium commune isolates from a conifer nursery. 
Phytopathology 96: 1124- 11 33. 

Fusarium species can cause severe root disease and damping-off in 
conifer nurseries. Fusarium inoculum is commonly found in most con- 
tainer and bareroot nurseries on healthy and diseased seedlings, in nursery 
soils, and on conifer seeds. Isolates of Fusarium spp. can differ in virulence; 
however, virulence and colony morphology are not correlated. Forty-one 
isolates of Fusarium spp., morphologically indistinguishable from 
F. ox);sporum, were collected from nursery samples (soils, healthy seed- 
lings, and diseased seedlings). These isolates were characterized by ampli- 
fied fragment length polymorphism (AFLP) and DNA sequencing of nu- 
clear rDNA (internal transcribed spacer including 5.8s rDNA), mitochon- 
drial rDNA (small subunit [mtSSU]), and nuclear translation elongation 
factor I-alpha. Each isolate had a unique AFLP phenotype. Out of 121 
loci, 11 1 (92%) were polymorphic; 30 alleles were unique to only highly 
virulent isolates and 33 alleles were unique to only isolates nonpatho- 
genic on conifers. Maximum parsimony and Bayesian analyses of DNA 

sequences from all three regions and the combined data set showed that all 
highly virulent isolates clearly separated into a common clade that con- 
tained F. commune, which was recently distinguished from its sister taxon, 
F. oqlsporum. Interestingly, all but one of the nonpathogenic isolates 
grouped into a common clade and were genetically similar to F. oxysporum. 
The AFLP cladograms had similar topologies when compared with the 
DNA-based phylograms. Although all tested isolates were morphologi- 
cally indistinguishable from F. oqlsporum based on currently available 
monographs, some morphological traits can be plastic and unreliable for 
identification of Fusarium spp. We consider the highly virulent isolates to 
be F. commune based on strong genetic evidence. To our knowledge, this 
is the first reported evidence that shows F. commune is a cause of 
Fusarium disease (root rot and damping-off) on Douglas-fir seedlings. 
Furthermore, several AFLP genetic markers and mtSSU sequences offer 
potential for development of molecular markers that could be used to 
detect and distinguish isolates of F. oxysporum nonpathogenic to conifers 
and highly virulent isolates of F. commune in forest nurseries. 

Additionul keywords: forest pathology, molecular diagnostics, phylo- 
genetics. 

Fusarium species can behave as a fungal pathogen causing 
damping-off and root rot of young conifer seedlings, resulting in 
severe crop and economic losses in forest nurseries. It is one of 
the most important soilborne pathogens within nurseries through- 
out western North America (29). This fungal genus is ubiquitous 
in most container and bareroot nurseries on healthy and diseased 
conifer seedlings, in nursery soils, and on conifer seeds of several 
species, especially Douglas-fir (Pseudotsuga menziesii (Mirb.) 
Franco), western white pine (Pinus monticola Dougl.), and 
ponderosa pine (Pinus ponderosa Dougl. ex Laws.) (25). 

Efforts to improve disease control within tree nurseries have 
been hampered because of the inability to characterize and 
quantify Fusarium spp. populations with regard to disease po- 
tential. Laboratory assays were developed to assess pathogenicity 
of Fusarium spp. isolates on conifer germinants (24). Repre- 
sentative Fusarium spp. isolates were collected from conifer 
seedling nurseries, evaluated for pathogenicity using these tech- 
niques, and found to vary greatly in virulence; some isolates were 
highly virulent, whereas others were nonpathogenic (29). Further- 
more, highly virulent isolates could not be differentiated from 
other isolates based on morphology in culture. In a previous 
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report, both highly virulent and nonpathogenic isolates were 
identified as F. oxysporum, based on morphology (29,42). Al- 
though total F. oxysporum Sch1echtend:Fr. populations could be 
estimated quantitatively, population levels were not necessarily 
correlated with the resulting damage that occurred in the nursery 
crop (25). Thus, methods are needed to identify and quantify 
populations of highly virulent Fusarium spp. 

Molecular genetic techniques can be used to study population 
structure by examining many traits and revealing information 
unobtainable by other methods. Molecular markers have been 
used to compare genetic relationships to pathogenicity in many 
groups of fungi (3,37). Previous studies used molecular tech- 
niques to differentiate pathogenic from nonpathogenic isolates of 
F. oxysporum f. sp. phase011 (55) and other formae speciales of 
F. oxysporum (4-6,35,38,41,52). Genetic differences between 
pathogenic and nonpathogenic strains of F. oxysporum found on 
conifers were previously examined using the histone-H3 encoding 
gene and amplified fragment length polymorphisms (AFLPs), and 
a few genetic differences between high-virulence and low-viru- 
lencelnonpathogenic isolates were found (11). These previous 
results suggested that molecular genetic techniques could perhaps 
be used to separate these two phenotypes. Furthermore, these 
techniques can be used to compare the phylogenetic relationships 
of highly virulent Fusarium spp. isolates on conifers from isolates 
within the F. oxysporum species complex. These techniques and 
tools can also determine if these populations are clonal, which 
may aid in disease management. 
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