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ABSTRACT: The interior wet-belt of BC consists of Engelmann spruce/subalpine fir and
cedar/hemlock forests where natural disturbance is dominated by small-scale agents such as
insects, pathogens, and weather. Partial cutting may better mimic natural disturbance regimes
in these forests than clearcutting, which mimics large-scale disturbance such as fire. We will
study the response of seedlings to a range of resources (light, nutrient) under three different
partial cutting treatments in the Interior Cedar Hemlock zone. The study will examine above-
and below-ground limitations to growth of four conifer species (interior spruce, lodgepole pine,
Douglas-fir, and western red cedar), and variation in species response to partial cutting
practices. In addition to studying tree growth, we will sample seedlings for diversity and type of
beneficial mycorrhizal fungi and disease-causing fungi. We expect colonization of roots by
mycorrhizal fungi to suppress infection by disease fungi, while increasing nitrogen availability to
the seedlings. Our hypothesis is that plant vigor will be affected not only by light and nutrients
available to the plant, but also by the extent of colonization by beneficial mycorrhizal fungi.
Therefore, reduced canopy retention may improve the seedling's access to light and nutrients at
the expense of increasing the distance of seedlings from residual trees containing inoculum of
beneficial mycorrhizal fungi. Increased knowledge of the relationships between seedling vigor
and mycorrhizal fungi under different levels of canopy retention will improve our ability to predict
the impacts of partial cutting and help us to determine the appropriate degree of partial cutting
to optimize performance of different conifer species.
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Detailed summary of activities, results, and outputs completed during the year in relation
to the workplan.

Two research associates and 2 laboratory technicians were engaged for the project. The
research associates retained were Ms. Cleo Lajzerowicz (Oct 26-28), who participated in the
field collecting on a sub-contract from her employer, Industrial Forestry Service, and Ms. Linda
Tackaberry (4 Nov 02 to 31 Mar 03), who conducted in the morphotyping of the mycorrhizas.
Two technicians were employed. Mr. Cameron Grose (7 Nov 02 through 31 Mar 03), was
trained in molecular protocols and Gene Profiler (formerly RFLPscan software) database input
and management. We quickly realized that due to the late start of the project (we anticipated
funds starting in September, but the funding was delayed until early November) we needed to
partition the molecular analysis from the database administration, thus we hired Ms. Linda
Rehaume (13 Jan to 31 Mar 03) to take over the molecular analysis protocols, allowing Mr.
Grose to work full-time on the database administration. Ms. Rehaume came to us with extensive
molecular analysis training and experience, which shortened the training timeline required to get
the molecular analysis up and running. This allowed us to largely meet our deliverables targets
within the compressed funding timeframe.



Deliverables:

#1
Fully updated and searchable database of PCR-RFLP fingerprints from
mycorrhizal fungi and fungal sporocarps from the Prince George and McBride
regions
•   searchable for this continuing project in years 2 and 3
•   usable by other groups in BC (e.g. Durall and Jones, Okanagan University
College)

Key Personnel: Lab Technician: Cameron Grose

1.1. Gel Analysis Software:
•  Trained in PCR and RFLP lab protocols to better understand RFLP gel image analysis

experiment and data base files.
•  Software training with RFLP Gel analysis and data base management software

(Scanalytics Inc.) on versions 2.1, 3.0, 3.12, and Gene Profiler 4.05.
•  Collaborated with Len Hook from Scanalytics to resolve error messages associated with

using Gel Analysis software. Solution to error [3201] presented when merging data
bases is still pending with an interim solution provided by utilizing a database template
from ver. 2.1.

1.2. File storage location and assessment:
•  Database file storage for Aleza Fire, Eagle Fire, Stone Fire, and Bobtail studies was

checked for file duplication, enzyme naming format, experimental design and file storage
practice within RFLP scan to ensure continuity between the projects. Data integrity
checks were completed to ensure an error free data-set.

•  Project lab books were reviewed; project design and identification codes deciphered and
standardized.

•  Experiment files were organized, sorted, and sample lanes imported into databases
representing the smallest level of interest. Data bases where created for each
morphotype and seedling; for each type of host species; and for each site; to act as
building blocks for the foundation of a reference data base to be used for comparisons of
Egger / Massicotte lab findings with Dan Durrall (Okanagan University College) and
other ectomycorrhizal projects.

•  All work above-stated work was performed in preparation for the analysis and file
storage of the Minnow Creek study (i.e. current project).

Total Files processed:

Location Experiment Files Database Files
Local Drive E: J: 8,481 2,027
Uni: Egma_lab 10,923 2,791
Total 19,404 4,818

A new file tree format was created and implemented:
-Project

-Treatment, Site
-Host Species, Type

-Morphotype Date Base
-Seedling Data Base
-Site Merged Data Base



Reorganized Databases:

Project Morphotype db Seedling db Site Merged db
Aleza Fire 65 55 7
Bobtail 73 40 8
Eagle Fire 146 101 19
Stone Fire 152 85 18
Minnow Creek - 10 -

Total 436 291 52 779

•  Initial Minnow Creek RFLP Gels analyzed and files stored according to organizational
structure developed.

•  Integrated new gel analysis computer, software, and file transfer protocol with previous
software package and file storage regime.

Deliverables:

#2
Baseline data on mycorrhizal morphotypes and PCR-RFLP patterns on
regenerating seedlings from the Minnow Creek field site
•   provides additional baseline data for the PCR-RFLP fingerprint database
•   provides data for comparison to mycorrhizae that will be collected in years 2 and
3

Key Personnel: Research Associate: Linda Tackaberry
    Lab Technician: Linda Rehaume

Mycorrhizal Morphotyping:
•  A total of 64 naturally regenerating seedlings (27 hybrid spruce, 17 true fir, and 20 western

red cedar)  were harvested in late October 2002 from the Minnow Creek Study area.
•  Seedlings from two treatments (clearcut and uncut/mature sites) as well as young (≤ 3 yr)

versus older (> 3 yr) seedlings were assessed for their mycorrhizal status.
•  Spruce and fir ectomycorrhizas (ECM) were characterized morphologically using light

microscopy methods (according to those previously published by the authors). In addition,
representative ECM tips from all seedlings were sampled for PCR-RFLP molecular analysis.

•  Root tips from cedar (which produces arbuscular mycorrhiza (AM)) were decolorized and
stained (according to methods by Brundrett et al. 1994) in order to assess the presence/
absence of internal hyphae. As well, a sub sample of these root tips from each seedling was
collected for molecular analysis.

•  The mean number of root tips assessed per older seedling (ECM hosts) was 198. Younger
seedlings had much smaller root systems and often all root tips were assessed (mean = 71).

•  A total of 21 morphotypes were characterized from the two ECM host species (18 types for
spruce and 15 for true fir), including both young and older seedlings. Six morphotypes were
unique to spruce seedlings and 3 to fir.

•  Only 7 ECM morphotypes were identified from young seedlings compared to 20 from older
trees.

•  Of the 21 ECM described, 10 were found on 3 seedlings or fewer; 11 occurred on more than
3 seedlings.

•  The mean number of ECM morphotypes for older seedlings was 3.8 (range 1 to 8)
compared to 1.7 (range 0 to 3) for young seedlings. The fact that there were fewer young



seedlings in the sample size and fewer roots per young seedling may have affected these
numbers.

•  Preliminary observations:
- Amphinema cf. byssoides was the most abundant ECM identified and it

occurred on both hosts as well as both young and older plants.
- cf. Thelephoraceae spp. (although NOT Thelephora terrestris) were also

commonly characterized from both hosts and both age groups.
- Other fungal morphotypes frequently occurring on these sites included

Cenococcum cf. geophilum, a Piloderma sp. and a Russulaceae sp. These
were most often (exclusively for Piloderma) found on older seedlings.

•  Several new ECM morphotypes may have been identified from these ICH sites that have not
previously been described from other SBS sites that we have studied (same host species).

•  Preliminary assessment suggests that perhaps up to 29% (6 out of 21) of the ECM
morphotypes may belong to the order Ascomycotina.

NOTE: Although lodgepole pine and Douglas fir are planted on these clearcut sites and form
part of the planted species targeted in year 2 of the study, almost no regenerating seedlings of
either species was found on the sites. However, since part of our objective is to assess the
impact of species conversion (planting of species that were not indigenous to the site prior to
harvesting), it will be interesting to determine if the common morphotypes found on the
naturally-regenerating seedlings colonize lodgepole pine and Douglas-fir.

Molecular (PCR-RFLP) Analysis:
•  416 root tips were collected from the above harvested seedlings for DNA analysis.
•  DNA was extracted from 415 root tips (one tip was lost due to equipment breakage).
•  415 root tips were subjected to PCR amplification of ribosomal RNA genes using primers

ITS1 and NL6 as follows:
- 181 (43.6%) from interior spruce
- 107 (25.8%) from true fir
- 127 (30.6%) from western red cedar

•  of the 415 PCR amplifications, 294 (70.8%) produced strong PCR products, 101 (24.3%)
produced weak or no amplification products and need to be redone, and 20 (4.8%)
produced double bands (i.e. more than one fungus present on the root). The breakdown by
species is as follows:

- Interior spruce: 150 amplified; 23 didn't amplify; 8 doublets
- True fir: 86 amplified; 16 didn't amplify; 5 doublets
- Western red cedar: 58 amplified; 62 didn't amplify; 7 doublets

•  to date, 243 PCR products (82.7%) have been digested with all 3 restriction endonucleases
(AluI, HinfI and RsaI) and subjected to gel electrophoresis to generate PCR fingerprints.

•  Samples that produced weak or no PCR products will be re-tried if the project is funded for
year 2.

•  An additional deliverable that was not anticipated was that we generated and input PCR-
RFLP patterns from 30 fungal sporocarps and 30 root tips that were provided by Mr. Marty
Kranabetter from the Date Creek study site near Smithers. Date Creek is also in the ICH
zone, and the opportunity to run these patterns provides us with some valuable comparative
data that will be very useful in characterizing mycorrhizas from our ICH site at Minnow Creek

Some trends are indicated from the above data. All species produced comparable numbers of
doublets (i.e. more than one fungus amplified from each root tip). The amplification success was



much higher for the ectomycorrhizal species (interior spruce, true fir) than for the arbuscular
mycorrhizal species (western red cedar), as would be expected.

PCR-RFLP patterns are being entered into Gene Profiler databases for comparison with
samples from planted seedlings that will be collected in year 2 (subject to continued funding).

Deliverables:

#3
Research technician trained in molecular analysis and in use of RFLPscan
database software. Given the high level of training required for PCR-RFLP
analysis and DNA sequencing, it is imperative that we start the training as soon as
possible in September.
•   the individual will be fully trained in molecular laboratory techniques, and to
administer and use the Nucleic Acid Analysis Facility, comprised of 3 automated
DNA sequencers and associated sequencing editing and archiving software
•   the individual will be fully trained in the use of RFLPscan v. 3.12 software for
PCR-RFLP analysis and data mining

Key Personnel:  Lab Technicians: Cameron Grose, Linda Rehaume

•  Mr. Grose and Ms. Rehaume trained in PCR-RFLP analysis techniques.
•  Ms. Rehaume trained in DNA cloning and sequencing techniques.
•  Mr. Grose trained in Gene Profiler (i.e. RFLPscan) software and database administration.

As indicated previously, although we initiated training of Mr. Grose, we determined that we
would not be able to meet our deliverables without additional expertise in molecular analysis.
We hired Ms. Linda Rehaume in January 2003; she brought extensive experience in molecular
analysis techniques, and we initiated training with her in both PCR-RFLP protocols and DNA
sequencing protocols. Currently, Ms. Rehaume is an ideal candidate to resume the project
contingent upon further FII funding, although we can only hope that she does not find other
employment during the interim period from April 1st to June 15th when FII continuing funding is
unavailable. We hope that in future years funding can be continuous to reduce the probability of
losing highly trained personnel due to funding interruptions.

Evaluation of the project outcomes or objectives identified in the workplan along with
measurable indicators of the success of the project in achieving the desired outcomes.

The primary objectives of our first year were to train personnel for the second and third year of
the project, and to collect preliminary data on the morphotypes and PCR-RFLP patterns on
naturally-regenerating seedlings on the site for comparison to planted seedlings to be collected
in years 2 and 3. Given that we received the funding in early November, I think we have made
astonishing progress.

As indicated in the above section, we have fully trained 2 laboratory technicians in database
management and in molecular analysis protocols. Mr. Grose, in addition to receiving training in
molecular analysis protocols, has made enormous progress in his primary task of organizing
and administering the databases. He processed more than 24,000 data files and organized
these into 779 databases. This involved tracking and standardizing all of the data entries, a
formidable task considering that each of the major projects (Aleza Fire, Bobtail, Eagle Fire,
Stone Fire and Minnow Creek) represented work done by different technicians or graduate
students. Previous to standardization, each person had used different codes for entering the



data, which made it impossible to compare PCR-RFLP patterns across projects. Now that the
data are standardized, it is possible to make full use of the data, and to use this resource in the
next two years of the project (subject to continued funding) to identify matches between the
Minnow Creek site and the mycorrhizas collected from the other projects. This greatly increases
the value of the PCR-RFLP databases for research throughout BC. With the addition of a further
2,000 - 3,000 PCR-RFLP patterns from Durall and Jones in the southern interior, this will be the
largest database of PCR-RFLP patterns of mycorrhizal fungi in the world and an valuable
resource for BC researchers.

Ms. Rehaume has also been trained in the use of Gene Profiler software and extensive training
in molecular protocols (cross-training of each of the laboratory technicians has provided us with
some redundancy in the event that either decides to leave the project to pursue other
opportunities). She is now fully capable of independent production of PCR-RFLP patterns from
mycorrhizal root tips. PCR-RFLP patterns, while valuable for fingerprinting large numbers of
mycorrhizal tips, as will be generated from this study in years 2 and 3, is not sufficiently
sensitive to differentiate closely-related fungal species, which often have morphotypes that are
indistinguishable. To meet the need for further resolution, Ms. Rehaume has been trained in the
use of the DNA sequencing facility at UNBC, which is comprised of 3 automated DNA
sequencers and in the editing and archiving of DNA data using Sequencher software. Ms.
Rehaume is now capable of independently generating DNA sequences using the facility, and in
using Sequencer software to archive and database the resulting DNA sequences. We were
fortunate that Ms. Rehaume already had extensive experience in molecular techniques, as well
as exceptional ability in this highly technical area, since this reduced the training period and
allowed us to make excellent progress on generating PCR-RFLP patterns, despite her only
starting with the project in mid-January.

Assessment of the applicability of results from the research project including
identification of end-users of the research results, how the results can be implemented in
either practice or planning or what is required before results can be implemented.

As indicated throughout our proposal, this is a 3 year project. As a result of this first year of
training and baseline data collection, everything is in place for us to meet all deliverables set out
in years 2 and 3 of the project. Our year 2 proposal (grant currently under review) includes
funding to input the Durall and Jones data sets into our Gene Profiler databases, which will
greatly extend the value of the database resources to other mycorrhizal researchers in BC. It
also provides an essential resource to classify and characterize mycorrhizal PCR-RFLP
fingerprints collected from planted seedlings from the Minnow Creek site. From these
databases, we will be able to map the distributions of mycorrhizal types, determine their
specificity to different host trees and seral stages, and draw conclusions about impacts of partial
cutting and species conversion on the mycorrhizal community and specific mycorrhizal types.
We are very excited about the potential of this project to produce leading edge science
internationally, as well as provide solid and applicable results that can be applied by end users
in forest management in the ICH and in British Columbia.

Identification of how the project contributed to a knowledge gap and if the outcome of
the research project identified the need for further research and if so what further
research is identified.

The knowledge gap that we have articulated is the lack of standardized methods to assess the
community structure and diversity of mycorrhizal fungi across BC, and particularly our lack of
knowledge of mycorrhizal communities in the ICH. Mycorrhizal fungal communities are



enormously diverse, it is estimated that perhaps 5,000 species of fungi form ectomycorrhizas
with boreal forest trees. Given this high diversity, we must have tools that can rapidly assess
(morphotyping and PCR-RFLP) this diversity, and databases that allow us to compare patterns
so that we can map geographical distributions and host and ecological specificities onto specific
mycorrhizal types. With the initiation of year 2 funding, we will be measuring seedling
performance and root disease etiology and correlating this with mycorrhizas. This is a significant
knowledge gap that goes beyond the issue of forest management in the ICH and extends to
issues of management of belowground systems across the province to ensure that we are
maintaining sustainable forest practices.

Key operational variances and their impact on the project.

We accomplished most of our deliverables and are on track for years 2 and 3. The main area
where we did not meet our operational expectations was in the completion of the PCR-RFLP
analysis and databasing of the naturally-regenerating seedlings. Although we made excellent
progress, with 416 root tips extracted and subjected to PCR amplification, we did not have time
to complete the restriction endonuclease digestion of all of the samples (51 of 294 samples
remained to be digested with restriction endonucleases and subjected to gel electrophoresis as
of 31 March), and we did not have time to enter most of these patterns into the Gene Profiler
databases. The reason for this is almost entirely due to the later than anticipated start date of
the project (November rather than September as anticipated). As a result, Ms. Tackaberry was
unable to complete the morphotyping until the end of March. Since the morphotyping must be
done before we can proceed with molecular analysis, Ms. Rehaume was unable to complete the
restriction digestion of all of the root tips before the end of the funding period in March, and
since the PCR-RFLP must be completed before patterns can be input into Gene Profiler
databases, Mr. Grose was unable to input most of the patterns into the databases. Nonetheless,
we did achieve a high proportion of our objectives, and if funding is provided for year 2 we
anticipate that the backlog will be dealt with within 6-8 weeks, so all data will be in the
databases and available to comparison to year 2 planted samples well before we initiate
sampling of planted seedlings in fall 2003. Again, we fully anticipate meeting our deliverables for
year 2 funding (despite it again being delayed until mid-June) unless FII funding is delayed well
beyond the mid-June start data anticipated in 2003.

In terms of budget variances, the main variances were in salaries and stipends ($3,249 less
than expected) and in Materials & Supplies ($3,374 more than expected). Other budget
variances were minor. The reason for the variance in salary was, again, the unexpectedly
shorter funding timeline which reduced the funding allocation for salaries. This would have been
a much larger variance had we not decided to split the duties of Mr. Grose and hire Ms.
Rehaume in January to undertake the molecular analysis. If we had not made this decision, we
would not have been able to meet our deliverables for the generation of PCR-RFLP patterns, so
this decision was very successful for meeting the obligations of the grant. The variance in the
Materials & Supplies can be attributed to greater than expected cost to purchase "Sequencher"
DNA sequence analysis and database software; the cost of this software was $2,500 US
(approx. $3,600 Canadian); I had estimated that the cost would be less than $1,000 US. Given
the value of this software in the training of Ms. Rehaume in DNA sequencing and analysis
aspects of the project, I decided to go ahead with the purchase of this software. The rationale is
that our automated DNA sequencing facility uses Visible Genetics infrastructure, and a highly
non-standard computer operating system, NeXT. As such, the sequence editing software is not
compatible with either Windows or Macintosh computers that we use in our lab. By purchasing
Sequencher for our DNA sequence editing and archiving functions, we could use our time more
profitably to train Ms. Rehaume in sequence analysis on our lab computers. This funding cycle



seemed like the appropriate time to implement this upgrade, since in the long run it saved us
from having to train Ms. Rehaume in use of the obsolete NeXT software. Again, this allowed us
to compress the training period for Ms. Rehaume and bring her up to speed on data generation
and analysis in anticipation of the main project funding and deliverables in years 2 and 3.

Extension Plan Deliverables:

An additional deliverable indicated in the extension plan was:

•  The updated and searchable PCR-RFLP database will be of use to other researchers in the
province, in particular researchers at Okanagan University College (Dan Durall and Melanie
Jones) who use the same PCR primers and techniques that are being used by the UNBC
group. We have informally discussed amalgamating our databases, and anticipate that
updating of the database by the technician in year 1 of this proposal will include input and
analysis of PCR-RFLP patterns from studies by the OUC group, thus increasing the current
approx. 7,000 mycorrhizal tip and sporocarp PCR-RFLP patterns by another 40-50%, and
extending the host range and geographical range of samples to the southern interior.

As I have indicated, we have completely re-organized and standardized our Gene Profiler
databases, and these are now available for use by Durall and Jones. Due to the much later than
anticipated start date, we were unable to initiate input of the Durall and Jones PCR-RFLP
fingerprints directly into our databases. However we have had discussions with Durall and
Jones about initiating the process under year 2 funding (grant under review), and this has been
identified as a deliverable in year 2, provided that funding decisions from FII follow a more
feasible timeline that in 2002-2003.

Additional Documentation:

The following screen capture .jpg image files illustrating work completed are embedded in the
electronic version as Figures 1-17, and printed in the paper version:

1. Sample ID
2. Experiment ID
3. Gel Image ID
4. Data Base ID
5. File storage directory tree
6. Minnow Creek site/ treatment
7. Aleza Fire site/ treatment
8. Bobtail site/ treatment
9. Eagle Fire site/ treatment
10. Stone Fire site/ treatment
11. RFLP Gene Profiler image analysis
12. Data Base main screen
13. Data Base experiment table
14. Data Base sample ID table
15. Data Base lane table
16. Data Base band table
17. Experiment and image file storage
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