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Introduction

Dothistroma septosporum (Dorog.) Morelet is a foliar fungal pathogen of two and three needle 
pines. It spreads mainly via conidiospores in moist conditions and once it colonizes host tissue, 
it produces a toxin causing red banding and death of the needle (Figure 1). It has been an 
important disease agent in exotic pine plantations in many countries of the Southern 
Hemisphere since the late 1950s (Gibson, 1972). Dothistroma septosporum has been found in 
some countries of the Northern Hemisphere, but past outbreaks have not been as severe or 
caused as much concern as they have in the south.

In British Columbia, Canada, Dothistroma septosporum, both the anamorph and teleomorph
were identified on both native and exotic pine species in the mid 1960s (Funk & Parker, 1966, 
Parker & Collis, 1966). Recently there has been a large outbreak of Dothistroma septosporum
in northwest British Columbia with some stands suffering almost 100% mortality (Woods, 
2003). 

Several factors may be contributing to the extent and severity of the outbreak including 
conducive weather patterns: warm, moist summers and cool wet falls (Woods et al., 2005), 
current forest practices leading to an over abundance of host, a more virulent strain of the 
pathogen itself (Woods, 2003) or a decrease in vigor of the host.

The current disease outbreak in British Columbia is unique in the fact that a native pine 
species is being affected, and in the severity and extent of the outbreak. These circumstances 
have not been previously encountered in Northern Hemisphere countries. The favourable 
conditions for disease, as well as the existence of the teleomorph in British Columbia may 
have led to a case where sexual reproduction has allowed for rapid evolution of the pathogen 
population and possibly a more virulent strain of the fungus. 

Little is known about the genetic structure of Dothistroma septosporum in areas where it is 
considered indigenous. Therefore, the purpose of this study is to explore the population 
genetic structure of Dothistroma septosporum populations in northwest British Columbia, to 
relate population structure to the contributions of reproductive strategies and to current forest 
practices, and to relate population genetic structure to toxin producing abilities of the 
pathogen. 

Sample Isolation
Within each site, foliage samples were collected from 16 trees, each separated by 30 meters. 
Needles from each tree were brought back to the laboratory. Dothistroma septosporum fruiting 
bodies were identified within red bands on the needles. Needles were surface sterilized, and 
fruiting bodies were matured on water agar. Conidia were collected and streak plated on water 
agar. Colonies originating from one conidia were transferred onto Dothistroma media containing 
nutrient agar and malt extract. Culture collections will be used for DNA extraction and toxin 
quantification. Toxin extraction and quantification will take place in Dr. Rosie Bradshaw’s 
laboratory, Massey University.  

To compare relatedness of populations worldwide, samples will be requested from other 
countries in both the northern and southern hemispheres. 
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Methods
Forest and Stand types
Samples have been collected from 21 sites around northwest B.C.. These sites are divided 
amongst three different subzones, characterized by different climate patterns, dominant tree 
species and vegetation. Collections have been made from both remotely located natural 
stands and plantations. The sites are distributed  throughout approximately four valleys.

Molecular methods
Two methods have been chosen for population genetic analysis. In the first method, DNA will be 
amplified using polymerase chain reaction with primers identified for microsatellite DNA regions 
in Dothistroma septosporum DNA (Gangley and Bradshaw, 2001). This will enable genetic data 
for Dothistroma septosporum to be compared between countries.

Amplified fragment length polymorphism (AFLP), a type of genetic fingerprinting,  will also be 
used to measure genetic diversity within and amongst Dothistroma septosporum populations. 
Distinct banding patterns will be used to identify separate strains.

An analysis of molecular variance (AMOVA) will be performed and genetic diversity will be 
partitioned into within population and among population diversity. F-statistics (Wright, 1951) will 
be calculated to look at population differentiation, specifically Fst which relates subpopulations to 
the total population. A neighbour-joining tree will be generated to analyse population divergence 
for the Dothistroma septospora populations in northwest B.C.. Genetic distances will be 
compared to geography to look at relationships between landscape and population dynamics.

The level of clonality will be assessed by looking at how often a clone was found and at which 
sites. Likewise, the contribution of sexual reproduction will be assessed by the number of 
genetically distinct strains found.

Research Questions

• Is there is a higher level of genetic variation of Dothistroma septosporum in  remote, 
unmanaged stands versus managed plantations in northwest British Columbia?

• Is there a difference in the amount of genetic diversity of the pathogen present in three of 
the subzones found in northwest B.C.?

• What reproductive strategies are being utilised in these populations and to what extent, 
and how are they affecting population genetic structure?

• How related are the populations of Dothistroma septospora in northwest B.C. to other 
populations around the world?

• Does the variation in Dothistromin production by strains of D. septosporum reflect the level 
of genetic diversity present within the populations of fungi in northwest B.C.?

Figure 1: Infection cycle of Dothistroma septosporum

1 to 2 years after 
infection

Stromata mature, conidia 
released

Figure 2: Sediesh Creek. Natural lodgepole pine stand infected with D. septosporum

Figure 3: Nangeese road. Lodgepole pine plantation infected with D. septosporum

Preliminary Results
AFLP was run for a subset of individuals from different populations. Results show distinct DNA 
fingerprints indicating genetic variation both within population (Figure 4) as well as between 
populations. Qualitative observations of cultured individuals also suggest varying toxin producing 
abilities of strains (Figure 5).

The finding of genetic variation suggests sexual reproduction is present in the populations of 
Dothistroma septosporum in northwest B.C.. The implications of sexually reproducing 
populations could mean varying levels of virulence in these populations, and hence the 
possibility of strains with increased virulence. With the current levels of disease severity, it will 
be important to take these characteristics of this pathogen into account in future forest 
management in B.C..

Figure 5: D. septosporum cultures showing varying levels 
of toxin production. The red stain surrounding the cultures 
is the dothistromin toxin.
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Figure 4: AFLP results from 2  primer pairs on 5 
different individuals. The first lane is a size standard, 
the next 7 lanes are from the first primer pair, while the 
next 4 lanes are from the second primer pair. For both 
primer pairs, there are some polymorphisms indicating 
some genetic diversity. 
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