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PREFACE

Research in the Canadian Forest Service (CFS) has undergone profound changes in the last few
years. The concept of networking and the team approach has been widely accepted as the way of the future.
In 1993 Dr. Bill Cheliak, who was then the Program Manager at the Forest Pest Management Institute
(FPMI), instituted such a team approach and formed the Pest Management Biotechnology Project consisting
ofMolecularVirology, MolecularEntomology, Insect Physiology, Tissue Culture and Virus Ecology. Since
then FPMI has been amalgamated with the Great Lakes Forestry Centre and the Biotechnology Project has
become a part of the national Pest Management Methods Network. The project has expanded to become
national in scope, retaining its nerve center at the Great Lakes Forestry Centre in Sault Ste. Marie, Ontario.
We are a fledgling project in a dynamic state, expanding incrementally from coast to coast, addressing
problems of national interest.

A wide range of background research is essential for recombinant DNA based Biotechnology to
flourish. We have been fortunate in having an excellent team providing the background information and
know how for genetic engineering. We have tried to capture the spirit of this multi disciplinary team by
listing the success stories of the various team members. Biotechnology takes its roots from several other
studies that provide the necessary background information and support. Some of these teams are included
to highlight their importance to our success.

This brochure is projected towards forest managers interested in the future of our forests, forest
industries searching for innovative pest control that is sensitive to the environment, pesticide companies
looking for target-specific designer biocontrol agents, researchers in biotechnology, biotech entrepreneurs
interested in spin-off inventions, and the inquisitive public at large. We do not wish our research effort to
be known as one of the "best kept secrets in the Canadian Forest Service"! We solicit criticisms and
suggestions to enable us to improve the next edition of this brochure as well as our research.

Creation of this brochure has been a collective effort of the members of the Biotechnology Project.
The contributions of Mark Primavera for the graphics, Bill Tomkins for the photographs, Marilyn Scott for
word processing and Karen Jamieson for the editorial help are gratefully acknowledged. This brochure was
made possible by a grant from the National Biotechnology Strategy Fund. A french version of this brochure
should be available in the not too distant future. Credit for excellence belongs to the contributors and blame
for omissions and oversight rests solely with me.

Arthur Retnakaran
March 15, 1998
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Cover Photographs

Green fluorescent 6th instar spruce budworm: This larva ingested a genetically engineered spruce
budworm, Choristoneura fumiferana, nucleopolyhedrovirus (CfMNPV) expressing a green fluorescent
protein gene (gfp) from ajelly fish which is widely used as a reporter gene. When the virus multiplies in the
different tissues of the larva, the gfp gene is expressed and as a result the entire insect fluoresces when
viewed under a fluorescence microscope.

Electron micrograph of a cell showing polyhedra containing virions: Section of a tissue cultured cell (lPRI
MD-66 cell line) infected with the forest tent caterpillar, Malacosoma disstria, nucleopolyhedrovirus
(MdMNPV) showing a quadrant of the nucleus containing polyhedra (black bodies) containing virions.

Effects of a transgenic spruce budworm virus expressing a molt regulatory gene cloned from the
spruce budworm: These 6th instar spruce budworm larvae were fed a genetically engineered virus
(CfMNPV) expressing a molt regulating transcription factor (CHR3). Upon ingestion, the virus multiplies
and over expresses the CHR3 gene and as a result the larva stops feeding and goes into an incomplete,
precocious, molt that is lethal. Further work is currently underway.
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Foreword

The Canadian Forest Service mission is to promote the
sustainable development of Canada's forests and the
competitiveness of the Canadian Forest Sector for the well-being
of present and future generations of Canadians. To fulfill this
mandate, the CFS plays a strategic role for Canada in S&T
research and in national policy coordination. On the research side,
the CFS is the largest single organization in the country dealing in,
forest biotechnology with activities in the Tree Biotechnology and
Advanced Genetics network and in the Pest Management Methods
Network. On the policy coordination side, the CFS is involved in
the renewal of the Canadian Biotechnology Strategy, which was
initiated in 1983.

Forest biotechnology provides new and alternative tools that, in the context of sound forest
management practices, could playa pivotal role in environmentally-friendly pest management. Almost 30
million acres of Canada's forests are subject to moderate to severe defoliation by insects each year and a
proportion of this area could benefit from biopesticide treatment to increase forest productivity. Already,
Bacillus Ihurillgiellsis (also known as B.I.) is an important management tool against the spruce budworm and
its efficacy is being improved. New developments in the area of viral biopesticides are preparing the way
for the second and third generations of biopesticides with increased specificity and efficacy.

In a larger context, biotechnology provides enabling technologies that could have a profound positive
impact on Canada's economy and environment. For this reason, the federal government has identified
biotechnology as a key component to build a competitive knowledge-based economy. In collaboration with
other federal departments and agencies with an interest in biotechnology, the CFS is contributing to the
renewal of the Canadian Biotechnology Strategy. This strategy will provide a framework to ensure the future
development of biotechnology. fully taking into account its social, ethical, environmental and health aspects.
It will also provide the means for efficient and informed public input.

The Canadian Forest Service is a leader in the development and the application of biotechnology for
the forest sector. This has been accomplished through solid fundamental research linked closely to real
problems for our forests. It has achieved several breakthroughs such as the development and registration of
natural viral biopesticides, and the establishment of laboratory microcosms to evaluate the environmental
safety of the newly developed biopesticides. The CFS is working for the future through its research on
genetic engineering of trees and of biopesticides. In all cases, the breakthroughs and advances of our
scientists were made in collaboration with other research organizations, universities anel/or private industry.
Partnership is instrumental to provide the resources and the focus for efficient science delivery. It is also
essential for the commercial use of the biotechnology tools developed by CFS.

This document is intended as a point of entry into CFS expertise, science and technology. Our
organization places high value on effective interactions with our partners. I invite you to actively pursue
collaboration with CFS' scientists or to explore the commercial potential of our technologies.

Yvan Hardy
Assistant Deputy Minister
Canadian Forest Service
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Science Marketing

Dr. Pierre J. Charest
Client Relations Division
Science Branch,
Canadian Forest Service
580 Booth Street, 7th floor,
Ottawa, Ontario, KIA 0E4
Tel: 613-947-9011, Fax: 613-957-9090
E-mail: <pcharest@nrcan.gc.ca>

To effectively coordinate and market the expertise, science and science
products of the Canadian Forest Service through memoranda of
understanding, collaborative agreements, intellectual property protection,
and licensing agreements.

DESCRIPTION: There is an increased emphasis in the Canadian federal government for better
recognition of its activities and for increased external revenue generation. To this end, better coordination
of marketing activities between the five CFS centres and the Science Branch is required. An internal
working group has been formed to address this issue. Furthermore, science marketing is an emphasis of the
federal government as a whole and the Science Branch marketing unit links the CFS with resources and
expertise in other federal departments and agencies. Of particular interest is the Federal Partners in
Technology Transfer which is a group providing support to all federal departments. The Science Branch
marketing group is involved in the production of marketing material for the CFS looking at horizontal issues
such as Climate Change, Biodiversity, Knowledge Initiative and, Criteria and Indicators. The group is also
facilitating international marketing by pro-actively developing memoranda of understanding with different
countries such as France and the United Kingdom for biotechnology. The marketing unit plays an active role
in prospecting for and in facilitating interactions with industrial partners in all intellectual property issues.

OTHER CONTACTS: (Same address as above)

Joseph Anawati
Marketing Officer
Tel: 613-947-8996
Fax: 613-947-9090
E-mail: <janawati@nrcan.gc.ca>

Anne-Marie Pelletier
International Marketing Officer
Tel: 613-947-8999
Fax: 613-947-9090
E-mail: <ampelletier@nrcan.gc.ca>
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PEST MANAGEMENT BIOTECHNOLOGY

Introduction

The term "biotechnology" was coined in 1919 by Karl Ereky, a Hungarian engineer. At that time,
the term meant all the lines of work by which products are produced from raw materials with the aid of living
organisms. Biotechnology, in the present day, is the use of whole or parts of organisms, such as cells, genetic
materials or enzymes to make or modify products, to improve valuable traits in plants or animals, or to
develop organisms for specific applications. More recently, "Genetic Engineering", a subdiscipline of
biotechnology, has become predominant because it enables the introduction of desirable characteristics in
existing species more rapidly and precisely than has previously been possible. For instance, it is possible
to cross the species barrier and introduce genes from a eukaryote into a prokaryote and vice versa (e.g.,
human insulin gene expressed in bacteria and yeast). Biotechnology utilizes the varied capabilities of living
organisms and therefore relies on biodiversity.

Genetic Engineering

The Danish biologist, William Johanssen, devised the term "gene" in 1911 to distinguish
"genotypes" from "phenotypes". It was only three decades later, in 1944, that Oswald Avery and his
colleagues at the Rockefeller Institute demonstrated that genes are made of DNA. One of the cornerstones
in the development ofgenetic engineering occurred in 1953 when James Watson and Francis Crick explained
the double-helix structure of DNA, which was followed by the deciphering of the genetic code. Twenty
years later, Herbert Boyer and Stanley Cohen applied for a patent on techniques for recombinant-DNA
technology and Boyer later became the co-founder of the first genetic engineering company, Genentech Inc.
In 1980 when the US Supreme Court ruled that Chakrabarty's engineered bacterium (which breaks down oil
slicks) could be patented, Genentech's stocks set a Wall Street record! Genentech's bacterially produced
human insulin was approved for use in the US in 1982. Subsequently, in 1985, the US declared that
genetically engineered plants are patentable. While genetic engineering has suffered setbacks in Europe, the
largest market in the world, the US, has become the bastion of recombinant DNA based biotechnology. To
date, 24 transgenic plants, 11 transgenic animals and numerous engineered microorganisms have been
patented. Biotechnology companies have mushroomed all over North America and their stocks (listed in
NASDAQ) have performed extremely well.

Branches ofGenetic Engineering

The fact that a coding region of a gene can be taken from the DNA of one organism and transferred
into another makes it possible to introduce a vast array of beneficial characteristics into life forms that are
important to humans in terms of food, health, shelter, environment and quality of life. Methods of genetic
engineering have been applied to almost every conceivable situation covering almost all disciplines. The
major thrust, which has found widespread acceptance, is in the medical field. Synthesis of human hormones
in microorganisms, development of vaccines, genetic medicine and gene testing, are some of the major
achievements of the 20th Century. Agriculture is the second biggest area where genetic engineering has made
significant inroads. Transgenic crops with superior yields, pest or herbicide resistance and cold tolerance
are a few of the accomplishments. Environmental science has seen the utilization of engineered organisms
to detoxify many types of poisonous materials from lakes and soil.
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The pest control industry around the world is worth approximately 30 billion dollars. Herbicides,
insecticides and fungicides are the three major pest control groups and account for 47, 29 and 19% of the
market, respectively. Western Europe, the US and Japan account for nearly 70% of the worldwide sales.

Chemical control is being progressively replaced by biological control methods that offer
environmental protection. The virulence of naturally occurring and host specific biological control agents
can be enhanced by introducing the required desirable characteristics. Improving natural biocontrol agents
wherever possible by genetic engineering is the hallmark of pest control biotechnology and numerous pest
control companies have aggressive programs in this field.

Pest Management in Forestry

Pest management strategies in forestry have targeted three major groups of pests: pathogenic
microorganisms, competing vegetation and insect pests. Historically, they have been managed by chemical
fungicides, herbicides and pesticides respectively. The deleterious effects ofmany ofthese chemical control
agents on non-target species in the environment has resulted in the exploration ofenvironmentally friendly,
alternative methods.

Parasites, predators and entomopathogenic microorganisms have been used as environmentally safe
biological control agents against forest insect pests with various degrees of success. To combat
microorganisms causing tree diseases, forest managers have historically resorted to selecting resistant
varieties of trees. A few species of fungi have been used for controlling weeds. With the advent of
Biotechnology, there are various other options available for protecting trees against not only insect pests but
also competing vegetation and organisms that cause tree diseases.

Pest Management Biotechnology

In the broader sense, selection of resistant varieties of trees and using biorational control agents
would be included under Biotechnology. But if one were to examine it from the subdiscipline of Genetic
Engineering, a myriad of possibilities emerge. Fundamentally, it involves improving the biocontrol agents
by using recombinant DNA technology. For instance, we could enhance the pest control activity by
introducing genes from other species whose products are deleterious to the insect pest into a host-specific
baculovirus. Use of genes from diverse sources of life forms is an integral part of biotechnology. The most
common example is the use of the thermostable DNA polymerase for the polymerase chain reaction (PCR)
which was obtained from the bacterium present in the hot springs of Yellowstone National Park. The green
fluorescent protein gene (GFP) that is used widely as a marker was taken from a jelly fish. It has been aptly
said that biodiversity sustains biotechnology since many of the donor genes are obtained from a wide variety
of species.
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In the Canadian Forest Service there are extensive opportunities in biotechnological research aimed
atdeveloping environmentally friendly alternatives to broad-spectrumchemical pesticides. Some ofthe more
important ones are:

1. Recombinant baculoviruses for spruce budworm control;
2. Genetic engineering of mycopathogens for insect pest control;
3. Molecular characterization of viral, bacterial and fungal pathogens of trees - prelude to

resistance studies;
4. Mechanisms of resistance to pathogens (virus, bacteria, fungi and nematodes) and insect pests

as well as isolation of genes responsible for such resistance (transfer of technology to Tree
Biotechnology network for insertion into trees);

5. Molecular biology of microsporida and entomopathogeneic nematodes - develop methods to
enhance activity.

In all these investigations, knowledge at the molecular level of the pest organism, its host and their
interaction have to be elucidated to develop a rational approach to increase the desired activity. With the
personnel available it is not possible to cover all the areas to the same depth as one would like to. Therefore,
without sacrificing the scope of our investigations, research areas have been prioritized. In addition, an
infrastructure covering the supporting areas of research is essential.

Interaction with other Networks

The research disciplines in the Canadian Forest Service have been collated under 10 networks across
the country. Such a system will not only address the national needs within the limited resources, but also
generate more knowledge than the sum of its components.

Pest management biotechnology is included as a part of the Pest Management Methods network
and therefore a majority of the activity of this group is devoted to improving biological control agents for
controlling forest pests. The molecular biology expertise available within this group can contribute
significantly to many of the objectives of other CFS networks. For instance, information on the distribution
of genetic material is essential for practising sustainable forest management to conserve biodiversity.
Molecular techniques such as microsatellite analysis and polymerase chain reaction based DNA finger
printing techniques are currently being used to address questions ofgenetic diversity. The Pest Management
Biotechnology Group has state-of-the-art molecular biology facilities, including personnel, to perform such
analyses for the Biodiversity network.

The interaction of forest trees, animals and microorganisms and the disturbance caused by
harvesting, fires, pest damage, and intervention is one of the many facets addressed by the Forest
Ecosystem Processes network. By developing genetic probes to type (unambiguously identify) varieties
and strains of different species of trees, animals and microorganisms within the forest ecosystem, we will
provide the backdrop for studying the effects of external disturbances on the forest ecosystem. The Pest
Management Biotechnology Group can also contribute to a better and more comprehensive understanding
of the life cycles of many species and the environmental factors that influence insect population dynamics.
We have already identified genes that are expressed exclusively during the overwintering diapause of the
spruce budworm; these can be used as invaluable tools to monitor the survival of the spruce budworm over
the long winter period. We are also involved in studying the hormonal and other physiological control of
insect life cycles, which is also addressed by this network.
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One of the major objectives of the Forest Health Network is to establish a national health
monitoring system that enables assessment and prediction of forest health. The molecular biology kits that
are being developed by members of the Pest Management Biotechnology Group can be used to identify and
monitor the disease causing pathogenic organisms as well as damaging pest populations.

Some of the basic research on the biology, physiology, biochemistry and molecular biology of key
forest pests as well as host-parasite interaction studies will provide the data base for developing computer
based models and information technologies needed to manage forest landscapes under Landscape
Management Network.

Recombinant DNA technology, like many new technologies, faces the challenge of social
acceptability. Risk assessment and knowledge sharing to alleviate fear of the unknown are integral aspects
of Pest Management Biotechnology. This work straddles the dual issues of economic viability and social
acceptability and becomes a part of the Socio-Economic Research Network.

Construction of predictive models to aid forest mangers to understand and cope with the impact of
climate change on forest ecosystem, fire regimes and pest infestations are some of the major objectives of
the Climate Change Network. Indicator genes of climate change can be cloned and genetic probes can be
developed to study the effects of climate change on pest populations.

Development ofeconomically feasible and socially responsible alternative practices that protect the
ecosystem is one of the major objectives of the Effects of Forestry Practices Network. The Pest
Management Biotechnology Group is involved in developing transgenic biological control agents that are
not only effective but also target specific. The use of such control measures which will protect the
environment, will directly influence the activities of this network. These products will be passed on to the
members of the Effects of Forestry Practices Network to evaluate the economic feasibility and acceptance
of these control agents.

The aim of the Tree Biotechnology and Advanced Genetics Network is to produce not only trees
that are genetically superior but are also resistant to pests. The genes that are identified by the Pest
Management Biotechnology Group to be toxic to forest insect pests and pathogenic microorganisms of trees
will be passed on to the members of the Tree Biotechnology and Advanced Genetics Network for insertion
into trees. The recombinant DNA technology used by the Tree Biotechnology and Advanced Genetics
Network and our group is similar in most respects. Therefore there will be in the future, as it has been in the
past, frequent exchange of both information and materials between the two networks.
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STUDY TITLE:

PROJECT TITLE:

STUDY LEADER:

Molecular Yirology

Pest Management Biotechnology

Dr. Basil Arif
Great Lakes Forestry Centre
Sault Ste. Marie, Ontario
Tel: (705)-759-5740, Ext. 2463
Fax: (705)-759-5700
E-mail: <barif@nrcan.gc.ca>

OBJECTIVE: To produce environmentally benign viral control agents against forest insect pests
by studying the molecular virology of entomopathogenic viruses.

DESCRIPTION: Insect viruses present a potentially viable alternative to broad spectrum chemicals
in the control of forest and agricultural insect pests. While they are environmentally attractive, insect viruses
are generally host specific and slow acting. Research on insect viruses over the last few years has resulted
in the characterization of the mode of action at the natural host and the cell lines levels. It became apparent
that baculoviruses have genes that are not essential for replication and could be replaced by exogenous genes.
This has resulted in the development of successful expression vector systems as well as the generation of
biological control agents with enhanced effect on the target insect. The spruce budworm, Chor;slolleura
!lIIllijeraIlG, is one of the most devastating pests, destroying millions of hectares of the forests annually. Over
the last few years, efforts have been concentrated on the characterization of the genome and engineering of
the baculovirus CfMNPV, originally isolated from the spruce budworm. A number of genes have been
cloned, sequenced and characterized, which allowed the construction of vectors to transfer foreign genes to
the virus. A number of engineered viruses have been generated, some of which appear to have enhanced
activity against the spruce budworm. Also, a defective baculovirus (CfDEFNPV) found in wild-type
preparations in the spruce budworm has been characterized and its relationship to CfMNPY has been
elucidated. The defective virus requires CfMNPY as a helper to negotiate the gut barrier. However, while
in susceptible larval tissues, CfDEFNPV synergizes the replication ofCfMNPY. The defective virus is being
developed as a self-limiting biological control agent against the spruce budworm.

Entomopoxviruses (EPVs) have morphological and structural similarities to vertebrate pox viruses but are
distinguished by being occluded in a proteinic matrix at the end of the replication cycle. Two viruses
(CfEPY, CbEPY) from the budwonn species are being characterized at the molecular and the biological
levels. Because of their morphological similarities to orthopoxviruses, EPVs may not be used as biological
control agents at the present time. Nevertheless they contain genes that appear to enhance baculoviruses
against the natural host. Research on CfEPV and CbEPV has been centered on the elucidation of the genome
organization, characterization of viral genes and comparison of these genes to their vertebrate poxvirus
homologues. Of a particular interest is the fusolin protein and its homologue encoded by the gp37 gene in
baculoviruses. Phylogeny analysis indicates that the fusolin and gp37 are ancient genes and both proteins
have diverged from a common ancestor and appear to be evolving at the same rate.
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PUBLICATIONS:
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Arif, B.M. (1995). The nature of insect baculoviruses. In: "Recent Progress in Biotechnology in Canada".
PJ. Charest and L.C. Duchesne eds. NRCan, Canada.

Barrett, J.W., Krell, PJ. and B.M. Arif (1995). Characterization, sequencing and phylogeny of the
ecdysteroid UDP-glucosyltransferase gene from two distinct nuclear polyhedrosis viruses isolated
from Choristoneurafumiferana. J. Gen. Virol. 76:2447-2456.

Xie, Wei-Dong, Arif, B.M., Dobos, P. and PJ. Krell (1995). Identification and analysis of a putative origin
ofDNA replication in the Choristoneurafumiferana multicapsid nuclearpolyhedrosis virus genome.
Virology 209:409-419.

Van Oers, M., Arif, B.M., Flipsen, J.T. and J.M. Vlak (1995). Carboxy terminal serines of the Autographa
californica nuclear polyhedrosis virus PI0 protein are not involved in fibrillar structure formation.
In "Functional Analysis of the Baculovirus 10 kilodalton protein" ppl01-116. Wageningen
Agricultural University, Holland.

Vialard, J.E., Arif, B.M. and C.D. Richardson (1995). Introduction to the Molecular Biology of
Baculoviruses. In "Methods in Molecular Biology: Baculovirus Expression Protocols" Vol 39. C.D.
Richardson, ed. Humana Press Inc. Totowa, NJ.

Palli, 8.R., Caputo, G.F., 80hi, 8.8., Brownwright, AJ., Ladd, T.R., Cook, B.J., Primavera, M., Arif, B.M.
and A. Retnakaran (1996). CfMNPV blocks AcMNPV-induced apoptosis in a continuous midgut
cell line. Virology 222:201-213.

Barrett, J.W., Lauzon, H.A.M., Mercuri, S.P., Krell, PJ., Sohi, 8.S. and B.M. Arif (1996). The putative
LEF-l proteins from two distinct Choristoneurafumiferana multiple nucleopolyhedroviruses share
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Li, Xing, Wallis, J.L., Barrett, J.W. and B.M. Arif (1998). Characterization of the nucleotide triphosphate
phosphohydrolase I gene from the Choristoneurafumiferana entomopoxvirus. Virus Res. In press.
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STUDY TITLE: Disruption of insect metamorphosis by a polydnavirus

PROJECT TITLE: Pest Management Biotechnology

STUDY LEADER: Dr. Michel Cusson
Laurentian Forestry Centre
Ste. Foy, Quebec
Tel: (418)-648-3944
Fax: (418)-648-5849
E-mail: <mcusson@cfl.forestry.ca>

OBJECTIVES: To identify the mechanism(s) responsible for the disruption of spruce bud worm
metamorphosis following infection by a polydnavirus and to develop novel
biorational control agents whose mode of action targets one of the identified
mechanisms.

DESCRIPTION: This study was initiated in 1992 as part of the Green Plan's Forest Pest Management
Initiative. The endoparasitic wasp Trallosema rostrate transmits a polydnavirus (PDV) to its spruce budworm
host during parasitization. This virus depresses the budworm's immune system and fatally disrupts its
development, to the benefit of the parasitoid. Although these viruses could not be used directly as viral
insecticides, we believe that the mechanism(s) responsible forthe observed virally induced pathologies could
be exploited in the development of biorational control agents. So far, we have characterized the effects of
this virus on the immunity, development and hormonal balance of spruce budwonn larvae. We are currently
studying PDV-induced disruptions at the molecular level in an attempt to identify relevant viral genes. These
viruses also serve as tools to study the hormonal and molecular events leading to metamorphosis. This study
involves the collaboration of scientists from CFStAtlantic, Dalhousie University, the University of Guelph
and Laval University. Two graduate students have also contributed to this research.

PUBLICATIONS:

Cusson, M., Barron, l.R., Goulet, H., Regniere, l. and Doucet, D. 1998. Biology and status of Trallosema
rostrate rostrate (Hymenoptera: Ichneumonidae), a parasitoid of the eastern spruce budworm
(Lepidoptera: Tortricidae). Ann. Entomol. Soc. Am., in press.

Cusson, M. and Doucet, D. 1996. Roles des polydnavirus dans la prise de controle de I'hote par les guepes
endoparasito'ides: Ie cas particulier de Trallosema rostrate. Proceedings of the symposium [llsectes
Parasites et Parasites d'[llsectes (121" Annual meeting of the Entomological Society of Quebec).
Antennae, special issue, pp. 26-34.

Cusson, M., Laforge, M., Doucet, D" Cloutier, C. and Stoltz, D. 1996. Changes injuvenile hormone esterase
activity and ecdysteroid titer in larvae of the spruce budworm, ChoristollellraJumiferalla, parasitized
by the wasp EIl)'tl/s mOil tWillS. Proc. XXth Intern. Congr. Entomol. p. 194.

Cusson, M., Lucarotti, c., Stoltz, D., Krell, P. and Doucet, D. 1998. A polydnavirus from the spruce
budworm parasitoid, Trallosema rom'ate (Ichneumonidae). l. Invert. Pathol., in press.
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Cusson, M., Miller, D. and Goodman, W. G. 1997. Characterization of antibody 444 using
chromatographically purified enantiomers of juvenile hormones I, II and III: implications for
radioimmunoassays. Anal. Biochem. 249: 83-87.

Doucet, D. and Cusson, M. 1996. Alteration ofdevelopmental rate and growth of Choristoneurafumiferana
parasitized by Tranosema rostrale: role of the calyx fluid. Entomol. Exp. Appl. 81: 21-30.

Doucet, D. and Cusson, M. 1996. Role ofcalyx fluid in alterations of immunity in Choristoneurafumiferana
larvae parasitized by Tranosema rostrale. Compo Biochem. Physiol. 114A: 311-317.
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STUDY TITLE: Molecular monitoring of forest pathogens

PROJECT TITLE: Pest Management Biotechnology

STUDY LEADER: Dr. Richard C. Hamelin
Laurentian Forestry Center
1055 rue du P.E.P.S.
Ste-Foy, Qc , Canada G IV 4C7
Tel.: 418-648-3693
Fax:4 I8-648-5849
E-mail: <hamelin@cfl.forestry.ca>

OBJECTIVE: To develop novel ways to diagnose and detect forest pathogens in order to prevent
introduction of new exotic pests or to prevent further spread of current epidemics.

DESCRIPTION: Many important forest diseases are caused by exotic pathogens that were introduced
accidentally to this continent. These diseases, once introduced, are very difficult to control since they have
no natural enemies and their hosts have little or no resistance. One of the problems with many forest
pathogens is that they can remain latent for periods as long as several years. Therefore, monitoring and health
certification can be difficult or inefficient. We have developed a method based on DNA amplification
techniques (U. S. patent pending) that allows us to detect root rots and scleroderris canker directly from
infected seedlings even in the absence of symptoms, without having to culture the fungi. Therefore, a process
that used to take weeks or months can now be done within a day. We are also currently involved in the
development of new DNA probes that will allow us not only to type seedlings for the presence of a fungal
pathogen, such as scleroderris canker but also to determine whether they are infected by a more virulent race,
such as the exotic European race or by a the less virulent race, such as the native North American race. We
are also planning the development of "user-friendly" diagnostic tools, such as colorimetric assay kits, that
would be usable by field technicians without the need for molecular expertise. This research involves several
collaborators from Universities and Biotechnology companies
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OBJECTIVE: To study thc molecular mechanisms of moiling and metamorphosis of forest insect
pests and lise the information for developing environmentally benign pest control

agents.

DESCRIPTION: Molting is a critical phenomenon in insects. Interfering with any of the regulatory
mechanisms involved in this process can result in the death of the insect. We embarked on a study of the
molting process at the molecular level and so far we have successfully cloned and characterized cDNAs for
ecdysone receptor (CfEcR), ultraspiracle (Cfusp), Chorislollellra hormone receptor 3 (CHR3). ChorislOllellra
hormone receptor 75 (CHR75) and Juvenile hormone esterase (JHE). We have tested the effects of over or
under expressing some of these genes using Chorislollellra!lImijeralla nucleopolyhedrovirus (CfMNPV).
Overexpression of CHR3 induced precocious molting and the larvae remained moribund in this state (see
cover picture). We are also working on the promoters of genes such as CHR3 and CHR75 with a view to
developing high throughput assays for screening new ecdysone mimics. Juvenile hormone (JH) is a unique
hormone in insects that plays an important role in growth, metamorphosis and reproduction. In order to
understand the action of JH at the molecular level, a differential display of mRNAs technique was used to
clone JHE from CF-203 cells that were grown in the presence of juvenile hormone I (JHf). This gene is
directly induced by JH I and is suppressed by 20-hydroxyecdysone and is the first example of dual regulation
by these two hormones. We plan to use its promoter to identify the JH receptor and develop high throughput
assays to screen for more potent JH mimics.

The ecological adaptation of overwintering is a critical phenomenon in the life of an insect. The spruce
budworm overwinters as a diapausing second instar larva and this diapause is obligatory. We have identified
two major proteins associated with diapause, and using the differential display of mRNAs technique we have
cloned the first lepidopteran defensin gene from insects. The defensin protein is active against both gram
positive and negative bacteria.

In an attempt to understand the molecular basis of host specificity of baculoviruses, we are investigating
apoptosis or programmed cell death in CF-203 cells induced by such viruses. We have discovered that certain
baculovirus genes can block this process. We are also studying the infection process of baculoviruses in
larvae or ill vivo using the jelly fish green fluorescence protein gene engineered into baculoviruses (see
cover).

Our molecular studies can significantly contribute to other networks as well in understanding some of the
ecological and physiological interactions. For example we plan to develop molecular detection kits as well
as perform DNA finger printing of parasites and predators of forest defoliators forthe Biocontrol group. We
can use these techniques for studying competition among microorganisms for the microbial control group.
We plan to conduct molecular analysis of genetic diversity of spruce budworm populations for the
Biodiversity network. Using temperature and photoperiod sensitive genes we hope to study the effects of
climate change on forest insects. We also plan on investigating the effect of environmental factors on the
diapause phenomenon at the molecular level for the Ecosystem Processes network.
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OBJECTIVE: To apply immunochemical technologies to study the identification,
detection and mode of action of insect pathogens and to understand the
defence mechanism of insects.

DESCRIPTION: This study was originally focussed on the serotyping of different Bacillus
rhuril/giel/sis strains, and the mode of action of Bacillus rhuril/giel/sis delta-endotoxin. With the advanced
development of immunochemistry and biotechnology, this study will be rapidly enlarging to cover other
areas of research. Currently, the following studies are being conducted: (I) develop simple immunoassays
for the detection of microbial pathogens of the spruce budworm, especially the spruce budworm virus,
CfMNPV; (2) use immunochemical techniques for characterizing baculoviruses and spruce budwonn
specific proteins; (3) study the immuno-defence mechanism in the spruce budwonn; and, (4) further
investigation of the mode of action of Bacillus rhuril/giel/sis delta-endotoxin. This last study is in
collaboration with the research scientists in the Microbial Pathogens and Environmental Impact groups
within the CFS, and with the Department of Microbiology and Immunology at Queen's University, where
the study leader holds an adjunct position.
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OBJECTIVE: To investigate the ecology and mass propagation of naturally-occurring and
genetically engineered insect viruses with a view to developing these agents
imo operational insect pest controls.

DESCRIPTION: This study was initiated in 1981 to investigate the relationship between
insect viruses and their hosts in the environment. This research involves determining the response of the host
insect to the virus infection, developing techniques 10 indicate the presence of the virus in insects and the
environment, and investigating the imeractions between insect viruses, their hosts and the environmem. In
the course of our research various larval bioassay techniques have been developed to quamify host response,
and a cold probing technique was developed for the detection of baculoviruses in the environment. More
recently, the study of mass propagation of viruses for operational use was initiated, and a pilot production
plant set-up. Study activity has focused mainly on baculoviruses of the spruce budworm, gypsy moth and
forest tem caterpillar. Various commercial and governmemal organisations have been involved in
collaborating with or funding these activities. American Cyanamid collaborated in the development of an
NPV product for gypsy moth control, and in-vivo production of Phospholipase A, for pharmacological
research was undertaken in collaboration with Merck Frosst, using genetically modified Alltographica
cali/arnica NPV in Trichapillsia IIi larvae. In recelll years study activity has concentrated on the bioassaying
ofgenetically engineered baculoviruses using new types of bioassay appropriate forquamifying GEMS, with
sponsorship from the National Biotechnology Strategy fund, and pursuing the use of a new spruce budworm
baculovirus isolate (T3) that shows promise for operational application, in collaboration with BioSag, a
private Quebec company.
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To study the physiology of growth, development, reproduction and
metamorphosis of forest insect pests for the rational use of Insect Growth
Regulators, Biorational control agents and genetically engineered
biological control agents for managing insect pests of forests.

DESCRIPTION: The unique physiological processes that are seen in insects can be exploited for
controlling insect pests without adversely affecting the environment. With such a goal in mind, this study
was initiated to investigate the effects of hormone analogs, chitin synthesis inhibitors and insect growth
regulators on several forest insect pests. Fundamental studies on the physiology of the epidermis, chitin
formation and hormonal control of metamorphosis were carried out as a backdrop to the research on insect
growth regulators. Cooperative work with industries such as Philips-Duphar (Holland), Bayer (Germany),
Hoechst (Germany), Ishihara (Japan), Sumitomo(Japan), Eli Lilly (USA), Zoecon (USA), Chemagro (USA),
Ayerst (Canada), Ciba-Geigy (Switzerland), Dr. Maag (Switzerland), Imperial Chemicals (U.K.), Rohmand
Haas (USA & Canada), and Dow Chemicals (USA), for various periods of time have provided the industrial
support for the applied research and field trials carried out in various parts of Canada. A few of the
memorable trials were, juvenile hormone analogs against the hemlock looper in Anticosti island in
collaboration with Dr. Luc Jobin, Dimilin against the hemlock looper in Bay Despoir, Newfoundland with
Dr. Rick West and RH-5992 against the spruce budwonn in Longlac with Mr. Leo Cadogan. We have also
demonstrated in the field that the white pine weevil damage can be effectively controlled by spraying Dimilin
on tree shoots prior to the emergence of weevils in early spring. When the weevils feed on the contaminated
shoots they invariably lay sterile eggs. More recently, in collaboration with other CFS colleagues, the
molecular mode of action of RH-5992, a nonsteroidal ecdysone agonist was elucidated. The mode of action
and expression of selected genes using recombinant baculoviruses are currently being studied using, among
other techniques, ill situ hybridization. We have recently shown that the first instar spnlce bud worm feeds
by grazing on the surface of the needles, a finding that eluded researchers for nearly five decades. This
exciting discovery opens up a whole new approach to controlling this devastating pest before it has a chance
to cause any damage.
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OBJECTIVE: To study the biology and genetics of phytopathogenic fungi for the rational
use of spore deficient mutants, biological control agents and genetically
engineered plants.

DESCRIPTION: Major diseases affecting our forests are caused by highly virulent sporulating fungal
pathogens. For the development of new and innovative biological methods for forest disease control the
identification of genes or gene products responsible for blocking/regulating a pathogen's capability to
sporulate would prove beneficial. This would be a major breakthrough in forest pathology research.
Incorporation of this genetic information into the host, alternate host, or various endolepiphytes for
expression purposes would reduce the need for routine chemical application and would introduce to the
environment a host-compatible biological control system with patent potential and great public suppon. It
would also serve as technology transfer for future developments in plant breeding strategies (forest andlor
agriculture) against fungal pathogens in which disease spread is dependent on the pathogens capability to
produce a spore phase in their life cycle.

This study was initiated in 1993, based on this novel strategy for tree disease control. The organism chosen
for investigation was OphiostomQ IIlmi, the causal fungus of one of the most devastating tree diseases known
to mankind, vascular wilt of elm. The isolation of novel spore deficient mutants for the three major spore
types of O. ,t/mi: I) a conidiospore deficient mutant for which the spore deficient character has been linked
to a single nuclear gene, 2) an ascospore deficient mutant and 3) a blastospore deficient mutant has
contributed significantly to the advancement of this study. Genes or gene products that contribute to the
blocking/regulation of these various spore forms will provide specific information upon which to develop
new biological methods for disease control.

PUBLICATIONS:

Richards W. C., Takai, S., Lin. D., Hiratsuka, Y., and Asina S. 1982. An abnormal strain of CeralOcystis
IIlmi incapable of producing external symptoms of Dutch elm disease. European Journal of Forest
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Richards W. C. 1994. Nonsporulation in the Dutch elm disease fungus, OphiostomQ IIlmi: evidence for
control by a single nuclear gene. Canadian Journal of Botany. 72: 461-467.

Richards W. C. 1994. An enzyme system for liberating viable protoplasts from the yeast(spore) and
mycelial states of the dimorphic fungal plant pathogen OphiostomQ ulmi. (Buism) Nannf.
Physiological and Molecular Plant Pathology. 44: 311-319.
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To detect in time course studies the presence of certain pathogens or to
reveal the presence of transcripts of some genes using in situ hybridization
techniques.

DESCRIPTION: As a model system, we are currently working to produce different probes
with the best labels possible for the detection of the tobacco mosaic virus (TMV) and the tomato mosaic
virus (ToMV) in heavily infected tobacco leaves. Thereafter, we want to use these probes to detect TMV in
ash showing symptoms ofviral infection in the province of Quebec and/or ToMV in conifers. Also, we want
to work on two other important tree diseases: the scleroderris canker of conifers and the white pine blister
rust. Under favorable conditions, these diseases may have devastating effects on some of our most valuable
timber species. Even ifthese commercial losses have stimulated many types of investigations, the knowledge
still remains fragmentary and many other studies should be conducted to devise better control measures of
these diseases. In particular, many aspects of the mode of ingress and development in the host are to be
investigated. In this respect, in situ hybridization methods might for instance permit researchers to follow
the path of a few scattered pathogen cells from the start of the infection in needles to their establishment in
larger parts of the tree where they induce canker development. These methods might also enable us to
distinguish the targetted pathogen cells from others that might also be present in host tissues, such as
endophytic fungal cells. Likewise, in the forest, to study the mode of spread of pathogens, it might be
possible to collect spores dispersed in the air and, following amplification of the desired portion of nucleic
acids by in situ polymerase chain reaction (PCR), to determine the genotype of the pathogenic agent by in
situ hybridization techniques. Thus, it might be possible to learn the origin of these spores since the genotype
of many cankers has already been established in several sampling units. These data thereafter might be used
to predict the course of the epidemic.

PUBLICATIONS:

Rioux,D., and Baayen, R.P. 1997. A suberized perimedullary reaction zone in Populus balsamifera novel
for compartmentalization in trees. Trees 11: 389-403.

Ylimartimo, A., Laflamme, G., Simard, M., and Rioux, D. 1997. Ultrastructure and cytochemistry of early
stages of colonization by Gremmeniella abietina in Pinus resinosa. Can. J. Bot. 75: 1119-1132.

Rioux, D., Chamberland, H., Simard, M., and Ouellette, G.B. 1995. Suberized tyloses in trees: an
ultrastructural and ...cytochemical study. Planta 196: 125-140.
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cytochemical study of extracellular sheaths associated with Rigidoporus lignosus during wood
decay. Appl. Environ. Microbiol. 59: 2578-2588. .
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Michigan State University, August 1-4, pp. 255-292.
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R. Biggs, Springer-Verlag, New York, pp. 257-307.
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To develop and apply insect tissue culture systems for the ill vilro
investigations of insect control agents for developing environmentally
benign and effective biorational insecticides for forestry use.

DESCRIPTION: With the recent advances in biotechnology and genetic engineering, insect
tissue cultures have assumed an increasingly prominent role in basic biological research and biotechnology
during the last decade. They are now routinely used in a wide variety of biomedical studies. Insect cell
cultures are essential for investigations of most insect pathogens, and their use in other entomological
research is increasing every year. They are critical for the genetic engineering and strain selection of insect
viruses and are also increasingly being used for the strain selection of Bacillus Ihurillgiellsis (BI) and for the
ill vilro bioassay of insect viruses and BI toxins. Besides, insect cell cultures are required for producing
foreign gene products using baculovirus expression vector systems. Moreover, insect cell cultures will be
crucial for the mass production of insect pathogenic viruses for use in the integrated pest management,
because they offer a cleaner, viable, and probably in the long run a cheaper alternative to insect larvae for
producing viral pesticides.

We have developed over 80 continuous cell lines from the tissues of the spruce bud worm, forest tent
caterpillar, tobacco hornworm, white-marked tussock moth, red-headed pine sawfly and the white pine
weevil. Some of these cells have been in culture since 1969, and in collaboration with other CFS colleagues
we have demonstrated that several of our cell lines support the replication of several insect viruses and
microsporidia. Also, we have developed a cell culture bioassay for BI o-endotoxins and p-exotoxins, and
have used several of the cell lines for studying the mode of action of these toxins. Some of our insect cell
lines undergo apoptosis when exposed to the inhibitors of RNA- and protein-synthesis, and to certain
viruses. Furthermore, several of these cell lines respond to the molting hormone ecdysone and its
nonsteroidal agonists, RH-5849 and RH-5992, and to the juvenile hormone. Currently, we are screening our
cell lines for the replication of more insect viruses and are cloning some of the lines for improving virus
replication and yield. Also, we are working on developing the methodology for growing large-scale cultures
of insect cells for virus production in collaboration with the Biotechnology Research Institute, Montreal.

PUBLICATIONS:

Li, X., Pang, A., Lauzon, H.A.M., Sohi, S.S. and Arif. B.M. (1997) The gene encoding the capsid protein
P82 of the CfMNPV: Sequencing, transcription and characterization by immunoblot analysis. J.
Gen. Virol. 78: 2665-2673.
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OBJECTIVE: To provide a timely and reliable range of high quality electron microscopy
services to the scientific staff of Great Lakes Forestry Centre and
networked collaborators as warranted. Services include transmission
(TEM) and scanning (SEM) electron microscopy and specialised
techniques such as immunogold labelling, negative staining, etc.

DESCRIPTION: This year marks the 50'" anniversary of electron microscopy services at this
research centre. Over the years the focus has changed from simple insect pathology to include all manner of
forest pests and pathogens, complex physiology, cellular interactions, viral replication and infections,
immune reactions, cell death and apoptosis implying considerable participation in biotechnology studies.
With the addition of SEM facilities we have added the capacity to observe minute surface details of insects,
fungal pathogens and their host plants which can assist in taxonomy studies, show the effects of toxins and
growth regulators and expose mechanical damage.

PUBLICAT10NS:

Brownwright, A.J., MacDonald, J .A. and S.S.Sohi 1992. Electron microscopy of Malacosollla disstria
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Thailand.
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OBJECTIVE: To study the environmental effects of forestry pesticides, in particular
naturally occurring and genetically engineered microbial pest control
agents.

DESCRIPTION: This study addresses concerns related to the environmental safety of
forestry pesticides. Recent work has focused on the development of environmental testing protocols for
naturally occurring and genetically engineered insect baculoviruses, including non-target bioassays, and
forest soil and aquatic microcosms. Effects on individuals, populations, communities and processes are
investigated.Methods are being developed to track viruses and viral DNA in insects and other organisms, soil,
litter, water and aquatic sediments.
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concentration-response theory to aquatic enclosure studies. Ill: Aquatic Mesocosm Studies 111
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Addison, l.A., and S.B. Holmes. 1995. Comparison of forest soil microcosm and acute toxicity studies for
determining effects of fenitrothion on earthworms. Ecotoxico!' Environ. Safety 30: 127-133.
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Microbial Pathogens of Forest Pest Insects

Microbial Control Agents

STUDY LEADER: Dr. Christopher Lucarolti
Canadian Forest Service
Atlantic Forestry Centre
P.O. Box 4000
Fredericton, NB E3B 5P7
Tel: (506)-452-3538
Fax: (506)-452-3525
E-mail: <c1ucarot@nrcan.gc.ca>

OBJECTIVES: To determine the impact of naturally occurring microbial pathogens on
insect populations and the potential of specific fungi, protozoa and viruses
for use in biological control through studies on their life cycles, cytology,
genetics, epidemiology and methods for mass production.

DESCRIPTION: Forest pest insects,likeali organisms, are preyed upon by other animals and
suffer from a myriad of microbial diseases. Among these microbial pathogens are viruses, bacteria, protozoa
and fungi. While all microbial pathogens are considered in our studies on disease incidence in insect
populations, the focus for use in microbial control is on viruses, protozoa and fungi. Pest insects currelllly
being studied are hemlock loopers (wmbdilla fiscellaria), spruce budworm (Choris/ollellm fumifemlla),
whitemarked tussock moth (Orgyia lellcos/igma) and balsam fir sawfly (Neodiprioll abie/is). Our research
has involved collaborative partnerships with clients and researchers from the provincial governments of New
Brunswick, Newfoundland, Nova Scotia and Quebec, Forest Protection Ltd., Institut Armand-Frappier,
Dalhousie University and the Universities of Victoria, Maine and New Bmnswick.

PUBLICATIONS:

Lucarotti, C. J. and Andreadis, T. G. 1995. Reproductive strategies for survival among obligatory
microsporidian and fungal parasites of mosquitoes: A comparative analysis of AlI1blyospom and
Coeloll1omyces. J. Amer. Mosq. Cntrl. Assoc. II: II 1-121.

Lee, S-Y, Poloumienko, A., Belfry, S., Qu, X., Chen, W., MacAfee, N., Morin, B., Lucarolli, C. and
Krause, M. 1996. A common pathway forp I0 and calyx proteins in progressive stages of polyhedron
envelope assembly in AcMNPV-infected Spodop/emfrllgiperda larvae. Arch. Virol. 141: 1247
1258.

Lee, S-Y, Qu, X., Chen, W., Poloumienko, A., MacAfee, N., Morin, B., Lucarolli, C. and Krause, M. 1997.
Insecticidal activity of a recombinant baculovirus containing an antisense c-myc fragment. J. Gen.
Virol. 78: 273-281.

Levin, D. B., Laitinen, A. M., Clark, T., Lucarolli, C. J., Morin, B. and Otvos, I. S. 1997. Characterization
of nuclear polyhedrosis viruses from three sub-species of wll1bdillafiscellaria. J. Invertebr. PathoI.
69: 125-134.
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analyses of the granulin gene of Choristoneurafumiferana granulosis virus. Arch. Virol. 142: 1577
1584.

Clopton, R. E. and Lucarotti, C. J. 1997. Leidyana canadensis N.Sp.(Apicomplexa: Eugregarinida) from
larval eastern hemlock looper, Lambdinafiscellariafiscellaria (Lepidoptera: Geometridae). J. Euk.
Microbiol. 44:383-387.

Lucarotti, C. J. and Morin, B. 1997. A nuclear polyhedrosis virus from the obliquebanded leafroller,
Choristoneura rosaceana (Harris) (Lepidoptera: Tortricidae). J. Invertebr. Pathol. 70: 121-126.

Shoulkamy, M. A., Lucarotti, C. J., EI-Ktatny, M. T. S. and Hassan, S. K. M. 1997. Factors affecting
Coelomomyces stegomyiae infections in adult Aedes aegypti. Mycologia 89: 830-836.
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Research and Technical Services

Plant Production

Mr. Scott Macleod
Great Lakes Forestry Centre
Sault Ste. Marie,Onl.
Tel:(705)949-946 I,Ex1.2 122
Fax:(705)759-5700
E-mail: <smacleod@NRCan.gc.ca>

OBJECTIVE: To provide greenhouse space and a constant supply of plant material in
support of forest research.

DESCRIPTION: This study provides a continuous supply of boreal foliage. Potted spruce,
balsam, jack pine, white pine, and red pine are stocked. These trees are flushed year-round through use of
environmental chambers and greenhouse facilities. White mulberry is produced continuously to feed and
maintain a Silkworm culrure. Ours is one of a handful of greenhouses in North America that maintains such
a facility. Foliage is collected on a weekly basis locally, and seed collection of hardwoods is carried out
seasonally. Greenhouse and controlled environment chambers are provided to synthesize biological
conditions enabling forest pest controls to be applied and tested on site. Large numbers of coniferous tree
seedlings of different ages are held in holding pens for use as needed. Some of these potted trees are forced
to flush at desired times by photoperiodic, cold, and fertilizer treatments in walk-in cold rooms for testing
pesticides to establish dosages for field trials. Greenhouse cubicles with individual photoperiodic and
temperature controls for conducting experiments with pOlled trees are maintained throughout the year.
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Insect Production

Insect Production

Mr. Bob McCron
Great Lakes Forestry Centre
Sault Ste. Marie, Ontario
Tel: (70S) 759-5740 Ext. 2437
Fax: (70S) 759-5700
E-mail: <bmccron@nrcan.gc.ca>

or <irear@nrcan.gc.c3>

OBJECTIVE: To produce and supply healthy insects. To improve the quality of all insect
stocks and to establish rearing techniques for insects causing problems in
all areas of Canada and modify existing rearing methods to fit our
operation.

DESCRIPTION: Established in 1963, the Insect Production Unit has developed into the largest of
its kind in Canada, supplying insects not only to staff of the Great Lakes Forestry Centre but also to various
Natural Resources Canada establishments, universities and other research centres across Canada and the
United States. The major demand from clients is for eastern spruce budworm, Choristoneura!ulIlijerana.
We produce approximately 3.5 million budworm annually; 1.3 million of these are supplied to outside
clients.

Over 4.5 million individual insects, representing fifteen species, are reared yearly, Research successes
include the development of several non-diapause strains of insects, such as the western spruce budworm,
Choristolleura occiden/alis, and successful establishment of laboratory cultures of hemlock looper,
UlIllbdilla jiscel/aria jiscel/aria, and the fir coneworm, Dioryc/ria abietivorel/a. About 5,000 litres of
artificial diet are prepared and dispensed annually to support the Insect Production Unit. These artificial
diets are continually improved and modified to provide better insect growth and to establish cultures of new
insect species.
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1 Inventory of Insect Species In Culture (1998) I Origin of Culture I
-Aclebia fennica (Tauscher) Elliot Lake, Ontario
Black Army Cutworm

-Bombyx mori (Linnaeus) Experimental Sericulture Station, Tokyo, Japan
Silkworm (Nichi #102-bivoltine)

-Chorisloneura confliclana (Walker) Several locations in Ontario
Large Aspen Tortrix

-Chorisloneura fumiferana (Clemens) Several locations in Ontario
Eastern Spruce budworm
(Also a non-diapause strain)

-Chorisloneura occidenralis Freeman Kamloops, B.C.
Western Spruce Budworm Berkeley stock crossed with strain #COC-FS-Ol from
(Also a non-diapause strain) Corvallis, Oregon

-Chorisloneura pinus pinus Freeman Webwood, Ontario
Jackpine Budworm

-Dioryclria abielivorella (Grote) Thessalon, Ontario
Fir Coneworm

-Gi/pinia hercyniae (Hartig) Manitoulin Island, Ontario
European Spruce Sawfly

-Lambdina fiscellaria fiscellaria (Guenee) Comer Brook, Newfoundland
Hemlock Looper

-Lymanlria dispar (Linnaeus) Southern Ontario & Nova Scotia
Gypsy Moth & Otis Air Base, USDA
(Also a non-diapause strain)

-Malacosoma disslria Hubner Several locations in Ontario
Forest Tent Caterpillar

-Orgyia anriqua (Linnaeus) Minnesota, USA
Rusty Tussock Moth

-Orgyia leucostigma (J.E. Smith) Sault Ste. Marie, Ontario
Whitemarked Tussock Moth

-Orgyia pseudolsugala (McDunnough) USDA- Virus Facility
Douglas-fir Tussock Moth Corvallis, Oregon, USA

-Trichoplusia ni (Hubner) Agriculture Canada
Cabbage Looper Harrow, Ontario
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Genetic Engineering for Pest Tolerance

Tree Biotechnology

Dr. Armand Seguin
Laurentian Forestry Centre
PO Box 3800
1055, rue du P.E.P.S., St-Foy (Que.)
Canada G IV- 4C7
Tel: (418)-648-5832
Fax: (418)-648-5849
E-mail: <seguin@CFL.forestry.ca>

OBJECTIVE: Our research aims to isolate and characterize genes from spruce and poplar
which are involved in the molecular processes of stress-response, and
identify the potential signals responsible for the induction of these
responses.

DESCRIPTION: We have isolated a substantial number of cDNA clones, mainly using PCR
technology, that show elevated expression after application of a specific stress (wounding or fungal elicitor).
White spruce cDNAs showing homology to dehydrin, proteinase inhibitor, 14-3-3, peroxidase, ubiqutin, and
a glycine-rich RNA binding protein have been obtained. Similar homologs has also been isolated from
poplar. In most cases, this is the first evidence of the presence of these genes in forest trees. We are currently
studying the expression of these genes to gain a better understanding of stress response mechanisms.

This research has many benefits. First, it will provide the fundamental knowledge that is essential for a better
understanding of tree response after the attack of a pest. This information could be useful in understanding
how a biological control method influences the physiological status of a tree. Secondly, the promoter of the
characterizes stress-inducible gene could be used to obtain proper expression (e.g., wound-inducible) of a
pest-resistance gene (e.g., the B.t. toxin). As mentioned earlier, this project will finally focus on the
engineering of trees for improved silvicultural traits such as pathogen tolerance.

More applied aspects of my research focus on the introduction of the gene encoding the Bacillus
rllllrillgiellsis toxin into P. glauco and the study of resistance of the transgenic plants to spruce budworm
disease.

PUBLICATIONS:

Richard,S., Rutledge R.G. and Seguin, A. Possible implications of jasmonates in the wound response of
chalcone synthase in white spruce. (submitted, Plant Molecular Biology).

Levee, V., Garin, E. and Seguin, A. Genetic transformation of white pine (Pill us slroblls) usmg
Agrobacrerilllll IlIlIlefaciells. (submitted, Plant Journal).
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Lapointe, G., Luckevich, M., Laurans F. and S~guin A. Molecular investigation on the role of 14-3-3s from
poplar and white spruce in tree-pathogen interactions. (submitted, FEBS letters).

Laible, G., Natt, E., Seguin, A., Doerner, P. and Lamb, C. J. A novel plant DNA-binding protein with histone
HI and high mobility group protein UY domains sandwiching a glutamine-rich tract interacts with
an (AATI)-repeat non-specific enhancer. (submitted, The Plant Journal).

Huang, X-F., Nguyen-Quoc, B. Li, Y-H., Seguin, A. and Yelle, S. (1997) Tissue-specific expression of two
maize sucrose synthase promoters via particule bombardement. (in press, Euphytica ).

Lambardi, M., Lachance, D. Seguin, A. and Charest, P.1. (1997) Evaluation of microprojectile mediated
DNA delivery and reporter genes for genetic transformation of the Mediterranean cypress
(Cupressus sempervirens L.). in press, Plant Cell Rep.

Seguin, A., Laible, G., Leyva, A., Dixon, R. A. and Lamb, C. J. (1997) Characterization of a gene encoding
a DNA-binding protein that interacts in vitro with vascular specific cis-elements of the bean PAL
promoter. Plant Mol. BioI. 35: 281-291

Tian, L., Seguin, A. and Charest, P.1. (1997) Expression of the green fluorescent protein in conifer tissues.
Plant Cell Rep. 16: 267-271.

Li, Y-H., Tremblay, F. M. and Seguin, A. (1994) Transient transformation ofpollen and embryogenic tissues
of white spruce (Picea glauca (Moench.) Voss) resulting from microprojectile bombardment. Plant
Cell Reports. 13: 661-665.

Piche, Y., Simon, L. and Seguin, A. (1994) Genetic manipulation in Vesicular-Arbuscular Mycorrhizal
fungi. Plant and Soil 159: 171-178.

Seguin, A. and Lalonde, M. (1993) Modification of polypeptide patterns during nodule development in the
Frankia-Alnus symbiosis. Symbiosis 15:135-149.

Seguin, A. and Lalonde, M. (1989) Detection of pectolytic activity and pel homologous sequences in
Frankia. Plant and Soil 118: 221-229.

Seguin, A. and Lalonde, M. (1988) Gene transfer by electroporation in Betulaceae protoplasts Alnus
incanna Plant Cell Reports 7: 367-370.

MacKay, J., Seguin, A. and Lalonde, M. (1988) Genetic transformation of 9 in vitro clones of Alnus and
Betula by Agrobacterium tumefaciens. Plant Cell Reports 7: 229-232.

Tian, L., Rutledge, R.R., Seguin, A. and Charest, P.1. (1997) Genetic transformation in Picea mariana. In
"Biotechnology in agriculture and forestry" (Y.P.S. Bajaj ed.) Springer, Berlin Heidelberg New
York. (in press)
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Seguin, A., Lachance D. and. Charest, P.1. (1996) Transient gene expression and stable genetic
transformation into conifer tissues by microprojectile bombardment.In "Plant Tissue Culture
Manual" Vol B13 (K. Lindsey, ed.) Kluwer Academic Publishers, Dordrecht. pp. 1-46.

Seguin, A., Lapointe, G. and Charest, P.1. (1996) Transgenic Trees In "Forest Products Biotechnology" (A.
Bruce and 1.W. Palfreyman Editors, Taylor & Francis Publishers, London. pp. 287-303

Seguin, A. and Lalonde, M. (1990) Micropopagation, tissue culture, and genetic transformation of
actinorhizal plants and Betula. In "The biology ofFrankia and actinorhizal plants". (C.R. Schwintzer
and 1.D. Tjepkema, eds.). Academic Press, San Diego. pp. 215-238.

Charest, PJ., Lachance, D., Devantier, Y., lones, C., Tian, L., Xue, B., Seguin, A. Klimaszewska, K., and
Rutledge, R. (1995) Stable genetic transformation in black spruce and tamarack and the trasgenic
expression of conifer genes. Proceeding of the IUFRO meeting on Somatic Cell Genetics and
Molecular Genetics of Trees. Gent, Belgium, Sept. Kluwer Academic Publishers, Dordrecht.

Charest, P.1. and Seguin, A. (1996) Does tree biotechnology have arole to play in High-energy plantations?
Proceedings ofthe Canadian Energy Plantation Workshop. Gananoque, Ontario. Natural Ressources
Canada. pp. 107-111.

Seguin, A. and Lalonde, M. (1990) Expression of actinorhizins in the development of the Frankia-Alnus
symbiosis. In " Proceedings of the fifth International Symposium on Nitrogen Fixation with Non
legumes". (M. Polsinelli and M. Vincenzini, eds.). Kluwer Academic Publisher, Dordrecht. pp. 600
613.

Lalonde, M., Simon, 1., Bousquet, 1. and Seguin, A. (1988) Advances in the taxonomy of Frankia:
recognition of species alni and elaeagnie and novel subspecies pommerii and vandijkii. In "
Nitrogen Fixation: Hundred Years After". (H. Bothe, F. 1. de Bruijn and W. E. Newton, eds.). Gustav
Fischer, Stuttgart, New York.
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A glimpse of Biotechnology infrastructure at the Great Lakes Forestry Centre in Sault Ste. Marie

Biotechnology is heavily dependent on a variety of research facilities ranging from the simple to the
sophisticated. In this first issue we hope to provide you with a tour of our more important work stations at
the Great Lakes Forest Centre. In the next edition of this brochure we plan on covering the infrastructure at
the other participating Canadian Forest Service research centres.

Since we are a nascent group, our research has not expanded into all the fields that we hope to
ultimately address. Our first aim was to expand on our strength and therefore we embarked on a program to
develop an environmentally friendly, target- specific transgenic virus for spruce budworm control, which will
be as effective as or better than the control agents currently in use. The spruce budworm
nucleopolyhedrovirus (CfMNPV) has been relatively well characterized in our research establishment and
we decided to clone an insect gene into it to enhance its activity. We came up with several candidate genes
cloned from the spruce budworm that we thought would enhance the activity of the virus. We succeeded in
introducing the CHR3 gene, which is a transcription factor involved in the regulation of the molting process.
This modified virus when ingested by the spruce budworm larva induces a precocious, incomplete molt that
is lethal (see cover picture). It is many times more active than the wild type virus, is budworm specific and,
since it has the gene from the host insect, does not introduce any exotic gene into the environment. We are
in the process of increasing the activity of this transgenic virus by fine tuning the various factors that play
a role in the over expression of this gene. Concomitantly, we are developing methods for mass producing the
virus in vivo in spruce budworm larvae and in vitro in cell culture systems. Having succeeded in our primary
objective we are confident that we will be able to expand our research into other areas of pest control.

The knowledge base required for the transgenic virus work covers a wide spectrum of research
activity. Molecular virology, virus ecology, tissue culture, insect physiology, molecular entomology and
immunology were the fundamental areas that contributed to the development of the genetically engineered
virus. A great deal of fundamental research needs to be done to come up with a winning formula. The wealth
of information that we have built during the past few years is outlined in the individual reports.

Success in research for the most part depends on the skills of the team members. In our description
of the infrastructure in the succeeding few pages we will introduce the reader to some of the key players and
their claim to fame.



Peter Ebling (Virus Ecology Technician) dispensing
virus samples for bioassaying the insecticidal activity.
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Linda Sloane (Virus Ecology Technician) injecting
virus samples into spruce budworm larvae.

Dr. Anthony Pang (Immunologist) amplifying
antibodies in a Harvest Mouse.
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Hilary Lauzon (Molecular Virology Technician)
getting ready to sequence a gel in an automatic
sequencer.

Dr. Li Xing (post Doctoral fellow in Molecular Virology)
centri fuging samples in an ultracentri fuge.

Peter Jamieson (Biologist in Molecular Virolog}')
counting radioactivity in a scintillation counter.
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Barb Cook (Tissue Culture Technician) examining
cells under the inverted microscope.

Guido Caputo (Tissue Culture Technician) isolating single
cells for cell cloning in the QUIXELL cell transfer system.

Mark Primavera (Insect Physiology Technician)
preparing tissue sections for in situ hybridization.
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Bill Tomkins (Insect Physiology Technician) getting ready
to examine slides in a fluorescence microscope.

Tim Ladd (Molecular Entomology Technician)
preparing DNA primers in an oligosynthesizer.

Dr. Qili Feng (Post Doctoral fellow in Molecular Entomology)
examining bacterial colonies in a biohazard hood.
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Dr. Srini Perera (Post Doctoral fellow in
Molecular Entomology) exposing dot blots
in an instant imager.

Dr. Meenakshi Sundaram (Post Doctoral fellow in
Molecular Entomology) examining Green Fluorescent
Protein(GFP) labelled tissue under a GFP-microscope.

Sichun Zheng (Molecular Entomology Technician)
viewing a gel in a photo documentation system.
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Gail Mick (Insect Rearing Technician) collecting spruce
budwonn egg masses laid on the needles of balsam fir
branches for rearing.

Sharla Charrette (Insect Rearing Technician) preparing
artificial diet for rearing the spruce budworm.

Suzanne Palmer (Insect Rearing Technician)
separating male and female spruce budworm
pupae for setting up mating.
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Katriona Barratt (Insect Rearing Technician) setting
up silkworm larvae in cages and providing them
with mulberry leaves grown in our greenhouse.

Scott Macleod (Greenhouse Technician) maintammg
potted balsam fir seedlings for research in the greenhouse.

Andy Brownwright (Electron Microscopy Technician) viewing
thin sections under the electron microscope.
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Edmonton, AS/Centre de foresterie du Nor
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Edmonton (Alberta) Lead Centre/Centre directeur: Laurentian Forestry
Network Manager/Gcstionnaire du reseau: Surj Malhotra Centre~ Sainte-Fay, PQ/Ce"ntre de foresterie des Laurentides
Telrrel: 403-435-7210 Sainte-Foy (Quebec)

Network Manager/Gcstionnaire dll rcscau:Ariane Plourde
Telrrel: 418-648-5847

Forest Ecosystem Processes Network/Reseau sur
les processus des ecosystemes forestiers
Lead Centre/Centre directeur: Laurentian Forestry Centre
Sain e-Foy, PQ and Great Lakes forestry Centre
Sault Ste. Marie, ON/Centre de foresterie des
Laurentides, Sainte-Foy (Quebec) et
Centre de foresterie des Grands Lacs
Sault Ste. Marie (Gntario)
Net\vorlLManagcrs:
Bill Meades-(Ontario)
Denis Ouelette (Quebec)
Telrrel: 418-648-58~7 (PQ) ana 705-9~9-9~6
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