
An Investigation of Genetic Diversity to Understand Disease Spread:
Examining Tomentosus Root Rot in Spruce Stands of the Central Interior

What Is This Research About?
Inonotus tomentosus (Fr) Teng. is a fungal pathogen of commercially valuable tree 
species in the forests of BC, and one of the most important biotic disturbance agents 
in boreal and sub-boreal forests in Canada (1,2).  The causal agent of Tomentosus 
Root Rot (TRR), I. tomentosus is a facultative parasite that attacks and kills live trees 
and then is able to survive for 20-30 years in dead roots (3,4,5).  It can spread by root 
contacts (1,4) and by basidiospores (3), but the mechanism of spore spread is 
unknown.  Intensive forest management practices may lead to greater infestation of 
the disease throughout second growth forests (4), particularly if the mode and rate of 
disease spread changes in plantations as compared to natural forests due to these 
practices.  An investigation into the diversity of genotypes within populations of I. 
tomentosus will determine if there is a pattern of colonization common to infection by 
root contact or by spores, or a combination of the two.  Disease that spreads by 
mycelia across root contacts would lead to large areas populated by few genotypes 
across a landscape while infection by spores would create comparatively smaller 
areas with a greater number of unique genotypes (6). 

Research Objectives 

1.To examine the level of genetic variation of I. tomentosus in undisturbed stands and 
in plantations of spruce.

2. To compare the level of genetic variation between stand types.
Ho: There will be no difference in genetic variation levels between stand types. 

3. To examine and compare relative clone size between undisturbed stands and 
plantations.

Ho: There will be no difference in average clone size between stand types. 

Undisturbed Stands:
Mixed hardwood and softwood
Slow disease development
Spread limited by natural processes

Plantations:
Homogenous stands
Shorter regeneration times
Increased rate of succession and 
disease development
Inoculum build-up

Mycelial Spread:
Root to root contact
Few genotypes
Large disease centers

Spore Spread:
Affected by wind, animals, insects
Numerous distinct genotypes
Small isolated disease centers

Stand Dynamics
What are the characteristics of the 

stand types of interest?

Disease Spread
What do we know about patterns of spread from 

studying other forest pathogens?
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1. Site Selection
The oldest plantations in the sub boreal spruce (SBS) zone  of the Prince George Forest District were located using records from 
the Ministry of Forests. “Walk through” surveys were conducted to select 3 stands with several putative disease centers. These 
stands were composed mainly of spruce and were planted in 1969-1970. Old-growth forests in the same subzone and within 
30km of the plantations were selected based on species composition (spruce dominant) and the presence of several disease 
centres. All sites are located approximately 80 km northeast of Prince George. 

Figure 4. Location of field study sites.  
Circles are plantations and squares are 
unmanaged forests

2. Sample Collection and Stem Mapping
Twenty to thirty diseased trees from each stand were sampled. A cross section of root was cut from each diseased tree and 
taken to the lab for isolation. All trees over 10 cm DBH within the sampling area were described and stem mapped using 
measurements from an electronic distance meter and coordinate geometry.  Maps were produced using GIS software (Arc 
Map). 

3. Isolation and Species Verification
Using a surface sanitized hatchet, each root was partially split open and pulled apart to reveal the infected core of the 
root.  Wood chips containing hyphal tissue were excised and transferred to 3% malt extract agar plates.  Cultures 
were incubated at room temperature for 4 to 6 weeks after which ‘clean’ sub-cultures were made.  Three methods of 
species verification involving morphological analysis, differential media, and DNA amplification with species specific 
primers were carried out to ensure that our isolates were I. tomentosus.

Methods:

4. Laboratory Analysis
VC (Vegetative Compatibility)
Sub samples from each culture obtained from infected roots were plated and paired in all combinations within each 
site.  Small (8 mm) plugs were placed 1 cm apart with hyphae down.  The plates were incubated at room temperature 
and examined at 4, 6 and 8 weeks for development of a reaction line and changes in morphology 

RAPD (Random Amplified Polymorphic DNA)
Twenty RAPD primers (Qiagen) were tested to obtain 4 primers that produced repeatable banding patterns for 10 
isolates.  DNA amplification was performed with protocols adapted from Hamelin (1995). RAPD markers were selected 
only if they were repeatable distinct bands, and were scored as discrete loci in a data matrix.  

SSCP (Single Strand Conformation Polymorphism) 
A screen for three SSCP markers was performed by H. Germain and M.J. Bergeron at the Laurentien
Forestry center in Quebec.  DNA  was amplified with each of the three primer sets for all isolates.  For 
each primer set, the PCR product was heat-denatured, snap-cooled and then separated at a low 
temperature on a non-denaturing polyacrylamide gel for 5-18 hours depending on the size of the 
fragment that was amplified.

Data Analysis:
Genetic Variation

The goals of the data analysis are to establish the level of variation as a 
comparable ‘rate’ found using each technique to allow comparison between 
stand types. This is attained by measuring the number of genetically distinct 
individuals observed per m2 of spruce basal area in each area sampled.  In 
addition to this measure, we carried out phylogenetic analysis using RAPD data 
to establish a measure of relatedness of the population for each stand type.

Clone Size
We will establish location and area covered by genets by overlaying genet ID 
information on stem mapping data (Arc Map).  Clone size will be measured by 
location of the tree from which the clone was isolated and the measured 
distance with and between adjacent trees.

Results to Date
Genetic Diversity

Analysis of VC groups was 
completed in August 2003.  
Number of VC groups found at 
each site was converted to a 
ratio by dividing by the total 
basal area (m2) for spruce 
measured for each site.  The 
data is presented in figure 1.  
The average level of diversity 
using this method of analysis 
shows a significant difference 
between stand types (p<.01).

RAPD data has been collected 
for all four primers.  Number of 
genetically distinct clones 
(genets) was tallied and 
converted to a ratio in the same 
manner as the data for VC 
testing.  The data for one primer 
is presented in figure 2.  The 
average level of diversity is 
significantly different between 
stand types (p=.015).  

Fig.1 Genetic diversity measured through VC analysis
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Fig 2. Genetic diversity measured from RAPD analysis with 
primer Opa-3.
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Conclusions and Recommendations
This research has demonstrated that forest management does affect the mode and 
rate of spread by I. tomentosus. Plantations have a higher frequency of unique 
genotypes, probably due to enhanced establishment of new infection centres by 
basidiospores. However the mechanisms of establishment are unknown. Forest 
management practices aimed at reducing disease spread, such as avoidance 
planting around colonized stumps, are focused primarily on spread by root contacts.
In areas with a moderate to high disease incidence, use of alternative species to 
spruce is highly recommended over avoidance planting. 

Fig. 1. Basidiocarps of I. tomentosus (Photo 
from National Forestry Service Database)

Fig. 2. Plantation Site 2 Fig. 3 Undisturbed Site 2

Fig. 5. Map of Plantation Site 2 plotted in Arc Map Fig. 6. Map of Undisturbed Site 2 plotted in Arc Map

Fig. 7.  Root extraction in field

Fig 8.  Infected root sample exposed in lab for 
isolation.

Fig 9. Strong gap reaction Fig. 10.  Compatible Reaction

Fig. 12. Sample RAPD run illustration variation in banding patterns
Fig. 13. Sample SSCP run illustration variation in MS region
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