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Examination of genetic diversity of the fungal pathogen Inonotus tomentosus across 
forest stand types in the sub-boreal spruce zone of British Columbia (graduate 
thesis) 
 

Literature Review and Gap Analysis 
 
1. Inonotus tomentosus  

The basidiomycete, Inonotus tomentosus (Fr) Teng., is a fungal pathogen of 

commercially valuable tree species in the forests of British Columbia (Whitney and 

Boyhachuck 1977; Whitney 1989, 1993; Lewis and Hansen 1991a, 1991b) and one of the 

most important biotic disturbance agents in sub-boreal and boreal forests in Canada 

(Lewis and Lindgren 2000; PFC 2002; Wagner and Fischer 2002).  Indigenous to BC 

forests (Basham and Morawski 1964; Davidson and Redmond 1957; Patton and Myren 

1968; Lewis and Hansen 1991a), I. tomentosus is a causal agent of root disease in a 

variety of conifers (Whitney 1962; Lewis et al. 1992; Hunt and Unger 1994).   

 

The classification and ensuing phylogenetic relationships of Inonotus tomentosus are 

currently under investigation with the aid of molecular data sets that have been collected 

for Inonotus sp. (Wagner and Fischer 2002).  Inonotus tomentosus belongs to the family 

Hymenochaetaceae, and was originally assigned to the genus Polyporus by Fries (1821) 

remaining in this taxa until 1964 when it was transferred by  Teng (1964) to the genus 

Inonotus.  This movement was further acknowledged by Gilbertson in his examination of 

“North American Polypores” (1986).  Inonotus tomentosus has been a challenge to study 

taxonomically due to its varying morphology and the numerous life history traits that are 

similar to other related species, such as Inonotus circinatus (FR.) Gilb. and Phellinus pini 

(Thore.:Fr)A (Whitney and Bohaychuck 1977; Gilbertson 1986; Lewis 1990; Wagner 

and Fischer 2002). All species of Inonotus exist as parasites or saprophytes and attack a 

range of tree species, causing white rot decay (Whitney 1962; Wagner and Fischer 2002).  

The fungus acts by extracting the host’s cell wall components (lignin, cellulose and 

hemicellulose) at equal rates so that the wood maintains its fibrous nature and loses 

strength gradually (Alexopoulos et al. 1996).  I. tomentosus is a facultative parasite, 

depending mainly on living hosts, but can survive up to 40 years on dead organic material 

(Whitney 2000; Lewis and Hansen 1991a; Hunt and Unger 1994).  It cannot grow more 
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than a few centimeters through soil (Hunt and Unger 1994; Whitney 2000) therefore it 

requires direct contact between infected and healthy roots, as well as spore dispersal, for 

disease spread (Lewis and Hansen 1991b; Hunt and Unger 1994).  Upon infection, the 

fungal mycelium creates a lesion in the root bark and subsequently penetrates the woody 

tissue, establishing itself within the xylem of the roots (Lewis et al. 1992).  It advances 

through the heartwood towards the bole of the tree and into other uninfected roots (Hunt 

and Unger 1994).  The growth of the mycelium causes a pink stain that can reach as far 

as 5 meters up the stem, followed by advanced white pocket decay (Hunt and Unger 

1994; Whitney 2000).  Advanced above ground symptoms include reduced leader 

growth, stunted upper branches, thin crowns and eventual wind throw and tree death 

(Whitney 2000).  Endemic levels of associated organisms such as root collar weevils or 

spruce beetles may be present in areas of high disease incidence (Lewis and Lindgren 

2002; Whitney 2000).  Stipitate sporophores are produced in late summer and autumn, 

generating spores that germinate into homokaryotic, haploid mycelia (Lewis and Hansen 

1991b).  Upon anastomosis with mycelia carrying a dissimilar mating allele, dikaryotic 

mycelia are produced which grow vegetatively in the host (Lewis and Hansen 1991b). 

 

In BC, Inonotus tomentosus has been reported on amabilis fir (Abies amabilis (Doug. ex 

Loud.) Dougl. ex J. Forbes), and subalpine fir (Abies lasiocarpa, (Hook.) Nutt). 

Engelmann spruce (Picea engelmannii, Parry ex Engelm.), black spruce (Picea mariana 

(Mill.) BSP), and white spruce (Picea glauca, (Moench.) Voss.) lodgepole pine (Pinus 

contorta Dougl. ex Loud. var. latifolia Engelm., ponderosa pine (Pinus ponderosa, 

Dougl. ex P. & C. Laws.), and white bark pine (Pinus albicaulis, Engelm.), Douglas-fir 

(Pseudotsuga menzesii (Mirb.) Franco), western hemlock (Tsuga heterophylla 

(Rafinesque) Sargent), and western larch (Larix occidentalis (Nuttall)).  In other parts of 

North America it has also been found on grand fir (Abies grandis (Dougl. ex D. Don.) 

Lindl.), western larch (Larix occidentalis, Nutt.), western white pine (Pinus monticola 

Dougl. ex D. Don.), Sitka spruce (Picea sitchensis (Bong.) Carriere), and western red 

cedar (Thuja plicata, Donn ex D. Don.) (Whitney 2000).  This pathogen is found most 

abundantly in spruce dominated forests in central and northern British Columbia, and at 

higher elevations in southern B.C, with the most severe damage reported in Picea spp. 
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and Pinus. spp. (Whitney 1962; Lewis and Hansen 1991a; Whitney 1993; Whitney 2000; 

Lewis et al. 1992; Lewis and Lindgren 2000).  There have been no reports of infection in 

hardwood tree species other than cases of artificial inoculations of white birch (Betula 

papyrifera Marsh.) and trembling aspen (Populus tremuloides Michx.) by Whitney 

(1964).   

 

I. tomentosus was first detected in Canada 1922 but did not become a major concern until 

the 1980’s (Hunt and Unger 1994).  Whitney was the first researcher to extensively 

investigate the occurrence of root rot caused by this fungus, referring to it as ‘stand-

opening disease’ due to the formation of pockets of dead or dying trees leading to canopy 

gaps (1960, 1962, 1963, 1966).  The biology of Inonotus tomentosus was further 

examined by Myren (1969), Myren and Patton (1971) and Whitney and others (1976, 

1977) in the next decade.  At this time, the fungus was still commonly referred to as 

Polyporus tomentosus by most workers.  Few publications directly concerning this 

disease were produced during the 1980’s aside from Whitney (1980), although Merler 

(1984) produced a master’s thesis on root rot caused by Inonotus tomentosus, which was 

the first published research that referred to the fungus in its newly assigned genus.  In the 

late 1980’s Lewis began studying the biology and epidemiology of Inonotus tomentosus 

(1990) and has since done extensive work to investigate survival, spread, and impacts of 

the disease (Lewis and Hansen 1991a, 1991b; Lewis et al. 1992; Lewis 1997) as well as 

the ecological relationships between I. tomentosus other biotic disturbance agents (Lewis 

and Lindgren 1998, 2000, 2002).  Other researchers began to acknowledge the problem 

of increased spread of this disease during this time, including Tkacz and Baker (1991) 

and Hunt and Unger (1997).  In response to the rapidly developing discipline of 

molecular pathology (Lundquist and Klopfenstein 2001), new studies on I. tomentosus 

that employ the use of molecular genetics techniques are now emerging.  In addition to 

molecular studies to establish phylogenetic classification of I. tomentosus by Wagner and 

Fischer (2002),  Germaine and colleagues (2002) are conducting research to detect inter- 

and intra-specific polymorphisms in nuclear and mitochondrial genes to better understand 

the genetic characteristics of this fungus.  This information may be applied in the 

identification, detection and monitoring of this pathogen (Germaine 2002).   
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Although root contact is a known mode of infection, it is not understood to what extent it 

is responsible for spread and of the disease.  Traditionally, it has been thought that 

infection through spores is rare.  This has been challenged through anecdotal evidence 

such as unexpectedly high numbers of disease centers in some stands and occurrence of 

the disease in stands established on previously uninfected agricultural land (Myren and 

Patton 1971).  Other studies using vegetative compatibility (VC) and protein 

electrophoresis have provided evidence that basidiospores may play a more significant 

role in the spread of this disease than once thought (Lewis and Hansen 1991a).  Studies 

have been done concerning spread and survival of the disease (Lewis and Hansen 1991a, 

1991b; Lewis et al. 1992; Hunt and Peet 1997) but there is little information concerning 

the population genetics of this fungus, nor have studies been performed on this pathogen 

to firmly establish the role of basidiospores in disease spread.  This information is 

essential to properly manage the disease (Lewis and Hansen 1991a).   

 

2. Disease Impacts and Forest Management 

Forest management practices have traditionally focused on protection and rapid 

regeneration of commercial tree species but lacked an understanding of the importance of 

landscape biodiversity and natural forest dynamics.  For several reasons, this has resulted 

in reduced productivity in some BC forests and illustrates the need for a greater 

understanding of natural processes in forest ecosystem succession, allowing responsible 

long-term management decisions to be made (Lewis and Lindgren 2000).  Biotic 

disturbance agents like I. tomentosus play an important role in forest succession, but 

historically this role has been ignored or misunderstood (Lewis and Lindgren 2000).  

Intensive forest management practices may lead to greater establishment of this disease 

throughout second growth forests (Lewis and Hansen 1991b) and there is an increasing 

concern as to the potential impact this disease may have on timber supply in second 

growth stands.  Tomentosus Root Rot causes a significant decrease in tree vigor and 

growth (Lewis 1997), and depending on stand age and distribution of inoculum within the 

stand, is reported as causing an average of 30-40% mortality in infected mature mixed 

spruce-pine stands (Hung and Unger 1994).  Merchantable volume is lost through butt 
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cull, or the loss of woody stem material from decay that has advanced into the bole of the 

tree.  Infected trees also tend to have a decrease in radial increment.  In infected 60 year 

old spruce stands, average 5 year basal area increment of infected trees is 20% less than 

healthy uninfected trees (Hunt and Unger, 1994).  In Ontario natural white spruce stands 

of 70 years or older, Whitney (1995) reported that losses in merchantable volume due to 

this disease in the form of dead trees, windthrow, butt cull and growth reduction ranged 

from 16% to 33%.  Additionally, weakened trees are more prone to secondary infections 

and windfall, thereby negatively affecting surrounding healthy trees (Hunt and Unger 

1994).  In cases of high disease incidence, there can be an entire shift in species 

composition to less susceptible species (Lewis and Lindgren 2000).  The pathogen 

remains viable for long periods after each cut leading to a successive build-up of 

inoculum for ensuing generations of susceptible tree species (Hunt and Unger 1994).  

Current silvicultural stand management prescriptions in cases where I. tomentosus is 

present are based on the assumption that the disease spreads primarily through root 

contacts (MoF 2001).  Treatments like avoidance planting to a 5m diameter around 

infected stumps (MoF 2001) may not be as effective as desired if basidiospores do play a 

larger role in the spread of this disease. 

 

Examination of the population genetics of I. tomentosus is necessary to understand its 

ecological role and epidemiology.  Genetic diversity studies have been carried out on 

other tree pathogenic fungi in order to understand and evaluate relationships within and 

between species and the information derived from these studies, such as clone size and 

genetic sequence data has advanced efforts to understand phylogenetic relationships, 

ecological roles and gene flow between and among species (e.g. Kim et al. 2000; Stenlid 

1985; Hamelin et. al 1995a, 1995b; Garbelotto et al. 1993, 1996, 1999; Farnet et al. 

1999).  The causal agent of Annosus root rot, Heterobasidion annosum, has been 

extensively studied to establish population structure and evolutionary life history.  This 

species was originally believed to be a genetically and pathologically uniform organism 

until the application of molecular analysis tools (Otrosina 1993).  Isoenzyme patterns 

have been used to identify multiple infection centers attributable to individual clones but 

that have grown together over time to become indistinguishable.  This is useful in 
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studying primary and secondary infections in forest stands for the purpose of developing 

disease control strategies (Stenlid 1985).  Five genes and their respective enzymatic 

products associated with pathogenicity  and infertility in H. annosum were identified by 

Chase and Ullrich (1990).   Researchers have used this information to study the 

relationship of these genes to particular mating strategies and host specialization in H. 

annosum (Otrosina et al 1992, 1993).  This kind of research ties into forest management 

by way of answering questions regarding historical disease development and how 

populations of pathogens maintained themselves before forest management became an 

issue (Otrosina et al. 1992).  Hansen and colleagues (1993) studied somatic 

incompatibility in H. annosum to understand nuclear reassortment.  The information in 

this study is useful for understanding what happens when individuals meet and compete 

in roots ands stumps and may help to explain the general virulence of this pathogen as 

well as its ability to maintain itself in nature (Hansen  1993).   

 

Genetic diversity of white pine blister rust (Cronartium ribicola) has been studied in 

depth by Hamelin and colleagues (Hamelin et al. 1995a, 1995b, 2000; Hamelin 1996, 

1998).   Hamelin uses random amplified polymorphic DNA markers and isoenzyme 

patterns in his analysis of genetic variation in C. ribicola.  It has been found that this 

pathogen exhibits high variation within individual populations but low variation across 

large geographic distances which has lead to the theory that extensive gene-flow is 

occurring across very large distances, or that there is a shared common ancestor for this 

pathogen (Hamelin et al. 1995a, 1995b).  This research has provided a better 

understanding of the spread and distribution of this pathogen which contributes to 

programs aimed at controlling spread and improving detection methods as well as for 

making decisions regarding breeding programs for susceptible species (Hamelin et al. 

1995a). 

 

There are a variety of molecular techniques available to assess genetic diversity in fungi.  

Vegetative compatibility testing, random amplified polymorphic DNA (RAPD) analysis 

and PCR-SSCP (single strand conformation polymorphism) are three techniques of 

interest.  Vegetative compatibility (VC) is a self/nonself recognition system in fungi 
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based on polymorphisms at one or potentially several different loci within the genome, 

revealing phenotypic variation between fungal isolates within a population (Milgroom 

and Cortesi 1999).  VC analysis has been successfully applied in previous studies dealing 

with I. tomentosus to illustrate variation within populations and has been found to be a 

useful tool for indicating genetic variation (Lewis and Hansen 1991b, 1992).  

 

RAPDs are widely used to illustrate intraspecfic variation in fungi (e.g. Bonello et al. 

1998; Caligiorne 1999; Hamelin et al. 1995a, 1995b; Garbelotto et al 1993) .  This 

technique utilizes multiple short unspecific primers that have many possible binding sites 

in the genome.  The resulting amplification products are separated by gel electrophoresis 

and reveal banding patterns unique to each isolate.  This technique has been used in 

numerous studies of fungal plant pathogens and has provided a suitable estimation of 

intraspecific genetic variation in fungal populations on a small scale (Hamelin et al. 

2000; Hamelin 1998; Gogglioli 1998; Printzen et al. 1999). 

 

 SSCP is a highly effective method of genetic analysis that differentiates between closely 

related individuals based on sequence differences in the genetic code within the amplified 

regions (Orita et al. 1989).  This has been proven to be a highly effective and reliable 

means of differentiation between fungal isolates, without the need for direct sequencing 

(Hegedus and Khatchatourians 1996; Kjoller and Rosendahl 2000).  Double stranded 

DNA is heated in a formamide solution that denatures the DNA, producing single 

strands.  The strands, in solution, are loaded into a non-denaturing low-temperature gel.  

When they are no longer in a denaturing environment, the strands will form hydrogen 

bonds within themselves, creating secondary structures unique to each particular base 

sequence.  The strands will migrate through the gel and across a gradient at different rates 

due to these secondary structures.  This technique has not been used widely with I. 

tomentosus, therefore it would be necessary to develop and test a protocol to establish 

whether this method will be suitable for further analysis of this fungus. 

 

Each of these three methods examines a different scale of variation within the genome.  

VC testing examines variation at a number of loci within the genome that are related to 
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somatic compatibility, SSCP examines fine scale variation within specific targeted genes 

of both nuclear and mitochondrial DNA and RAPDs provide an overall picture of 

variation throughout the entire genome.  

 

An investigation into the diversity of genotypes within populations of I. tomentosus will 

enable a test of the hypothesis that there is a pattern of colonization common to infection 

by root contact or by basidiospores, or a combination of the two.  This approach has not 

yet been attempted for this pathogen.  It has been shown through research of other fungal 

pathogens that disease that spreads by mycelium across root contacts leads to a large area 

populated by few genotypes, while infection by basidiospores would create disease 

centers with multiple small genotypes, i.e. a higher level of genetic diversity (Hamelin et 

al. 1995a).  Pattern and mode of disease development (e.g., relative occurrence of 

secondary and primary infections) may be explained through examination of genetic 

population structure  and clone size and subsequently, inferences can be made concerning 

how, where and when initial infection occurs in host species (Garbelotto et al. 1999).   
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