GENOMICS
An ongoing revolution

“The dominant language and economic driver of this century
is going to be genetics. Those who remain illiterate in this
language won’t understand the force making the single
biggest difference in their lives.”
Juan Enriquez, Harvard Business School

1. From DNA to genomics—History of a revolution
YET IT WAS THE COMPLETION OF THE HUMAN
GENOME PROJECT THAT TRULY LAUNCHED
THE SCIENCE OF GENOMICS
Following the 1953 discovery of
the DNA structure by researchers
Watson and Crick, the publication
of the sequence of the human
genome ( the Human Genome
Project) in April 2003 constituted
a major scientific turning point in
the development of genomics.
Before the Human Genome Project,
scientific research focused mainly
on understanding how single
Source : Nature, April 2003
genes were involved in diseases
(monogenic diseases). This was the
age of genetics. While limited in part by existing technology,
this type of research nonetheless led to significant developments,
such as the identification of the role of many key genes in cancer
and type 2 diabetes as well as the detection of gene mutations
associated with cystic fibrosis.

This major initiative ushered in a new era of biology defined by an
acceleration in the acquisition of knowledge and the development
of high-throughput technology. As a result, we are now living
in the genomics age. In terms of human health, this branch of
science allows us to simultaneously focus on the impact of genes
and environmental factors on diseases as well as people’s overall
health and medicine is shifting from a curative to a preventive
approach. Genomics is thus providing a solid foundation for the
development of tomorrow’s biotechnological tools. It constitutes a
powerful means of promoting productivity by mitigating the random
nature of scientific research. The stakes are high, since genomics
could unlock the secrets of some of the major diseases of our times,
among them cardiovascular
diseases, diabetes, cancer
and diseases of the central
ner vous system such as
Alzheimer’s.

Source : NHGRI
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2. Looking forward
Technological advances in the area of genomics have led to
significant changes in the practice of medicine, which will continue
to evolve due to ongoing technological progress. While we have
entered the post-genome era, we have yet to witness the unfolding
of genomics’ full potential as it relates to the evolution of medicine
and society as a whole.

Source : Tom Metcalfe, Roche

Source : Synthetic Genomics

The development of predictive, preventive medicine and the resolution
of key environmental issues such as energy production and
global warming are but a few of the many benefits stemming from
genomics. For instance, we can now envision the creation of a “cell
factory” whose lab-assembled parts will make it possible to address
any number of needs. The proofs of concept already exist, with
major stakeholders in various industry sectors (pharmaceutical,
energy and agriculture) now actively involved in genomics research
and its integration into their own research channels. From medicine
to forestry and sustainable development, genomics has launched
a technological revolution that will benefit every level of society.
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3. What is genomics?
Simply stated, genomics is the branch of science that studies the genome—the genetic material of a given individual or species encoded
in its DNA. In human beings, this genetic material is carried in our chromosomes.
French researcher Christian Vélot compared the genome to an encyclopaedia, with the various volumes representing chromosomes
and the sentences in these volumes corresponding to genes. These sentences are written in a genetic language involving four bases
(adenine, cytosine, guanine and thymine), referred to as ACGT.
Genomics brings together various analytical approaches that further our understanding of the genome—how it is constituted, how it is
organized and how it works. These techniques enable researchers to address a wide range of biological questions pertaining to the
genetic heritage (genome) of organisms.

4. From the human genome to the integration of genomics
into society: impacts, benefits and opportunities
Each day brings further evidence of the significant impact of
genomics at various levels of society. In fact, scientific breakthroughs
in the field go well beyond the laboratory, providing solutions to
some of our most pressing societal needs.

Source : Nature, Vol. 422, No. 6934, April 24, 2003, pp. 835-847
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4. From the human genome to the integration of genomics
into society: impacts, benefits and opportunities (continued)
In medicine, genomics makes it possible to:

In microbiology, microbial genomics makes it
possible to:

• Improve the diagnosis of diseases.

• Quickly detect and treat pathogens (disease-causing microbes)
in clinical practice.

• Identify genetic predispositions to diseases.
• Develop drugs tailored to individual genetic information.
• Monitor the impact of our lifestyle and environment on the
genome, and in turn, on our health.
• Advance personalized medicine—a type of medicine based on
a person’s genetic blueprint.

• Perfect new energy sources (biofuels).
• Develop instruments to control environmental pollutants.
• Decontaminate polluted sites.

In forestry and agriculture, genomics also plays
a pivotal role by supporting research to:
• Develop crops with better resistance to factors that impact their
production: diseases, pests, frost, drought, etc.
• Develop bio-pesticides.
• Cultivate more nutrient-rich foods.
• Breed more resistant, better quality livestock.
• Promote the sustainable development of our forests.
Source : Ralph Snyderman
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4.1 Real results that make a difference
In medicine:

In microbiology:

• Early screening tests to identify the risk of developing breast
cancer and early detection of colon cancer.
• Identification of genetic markers of susceptibility for types 1
and 2 diabetes.
• Instruments to identify compatible blood donors, which is
crucial for patients requiring regular transfusions (for example,
haemophiliacs).
• Genetic testing to determine, in a few short hours, the exact dose
of Coumadin needed by patients who rely on this anticoagulant
to prevent blood clots and embolisms. This constitutes an
alternative to the traditional “trial-and-error” approach to dosing.
• Diagnostic tools to reduce the time it takes to identify a microbe
from 48 hours to 45 minutes, leading to improved treatment of
infections.

• Decoding of the C. difficile bacterium
The decoding of the genome of the C. difficile bacterium, which
causes life-threatening infections in the hospitalized elderly,
enabled researchers to identify the pathogen’s degree of
severity and make key changes to patient treatment. This
research paved the way for major technological advances: in
the past, it took 4 to 6 people from 6 to 8 months to sequence*
the genome of a bacterium, an activity that cost $250,000. In
2009, a single person could carry out the same task in 1 week
at a cost of $10,000.
• Decoding of the swine flu virus (A:H1N1)
Recently, researchers faced with a potential pandemic from the
A:H1N1 swine flu virus were able to decode the virus responsible
for the infection in less than 3 weeks. This work improved
understanding of the virulence of the virus and how it is spread.
It also supported the development of new vaccines for the
population.

*S
 equencing is a technique for determining the order of the base pairs (ACGT)
in a DNA segment.
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4.1 Real results that make a difference

(continued)

In forestry and agriculture:
• Tools are currently being developed to identify the best trees for
reforestation. Very promising markers have been singled out to
better and more quickly target high-yield trees (growth, quality
of the wood, improved adaptability). Numerous varieties of
genetically selected crops can now more effectively resist pests
and diseases.
• Initiatives spearheaded by Québec universities, among them the
Arborea project, will boost the productivity and competitive edge
of the forest industry while also contributing to the sustainable
development of our forests.
• Increased knowledge and the development of genomics tools
for use in forestry will support the objectives of greener forest
resources management by making it possible to:
° Foresee and mitigate the impacts of climatic changes on the
Québec territory.
° Preserve the genetic and biological diversity of our forests.
° Optimize the capture of atmospheric carbon dioxide.

The progress arising from research findings supports sustainable
development and offers up new perspectives for an environment
that will be better able to withstand climatic changes.
In less than two years, our ability to detect polymorphisms (changes
in DNA bases) has gone from 100,000 at a time to several
million. With the massive reduction in the cost of DNA sequencing
and the development of increasingly efficient tools, it may soon
be possible to map the entire human genome for a mere $1,000.
When it comes to furthering our knowledge of the individual, of
our health and of our quality of life, genomics has ushered in an
era of infinite possibilities.
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5. Génome Québec
GÉNOME QUÉBEC: THE CORNERSTONE OF GENOMICS IN QUÉBEC
Génome Québec, a private non-profit organization financed by the Ministère du Développement économique, de l’Innovation et
de l’Exportation du Québec (MDEIE), Genome Canada and private partners, invests in major genomics research initiatives and the
applications stemming from this research. These investments are achieved through partnerships with the academic and private sectors,
conducted with the utmost respect for ethical standards.
Génome Québec creates opportunities to support the scientific and socioeconomic development of genomics in Québec.
In the 10 years since its inception, Génome Québec, through the funds it invests, has played a pivotal role in Québec, contributing to
its leadership status in the field of life sciences and maximizing the socioeconomic impact of genomics research.
Génome Québec’s activities are focused in three main areas:

RESEARCH
• Since its inception, Génome Québec has worked closely with
its partners to invest close to $400 million in some 40 genomics
research projects in Québec, primarily in the areas of human
health, forestry and the environment.
• Génome Québec’s main goals include acting as a catalyst for
innovation and transforming genomics into a driver for Québec’s
socioeconomic development.
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5. Génome Québec

(continued)

• In partnership with various academic institutions, Génome Québec
operates four technological centres accessible to both the private
and academic sectors:

• These centres offer services to academic researchers at cost, and
the profits generated by their activities with the private sector
are reinvested in research ($13 million in 2007).

 cGill University and Génome Québec Innovation Centre
°M
This centre is one of the largest integrated suppliers of
sequencing, genotyping, microarray and proteomics services
in Canada.
 énome Québec and Université de Sherbrooke
°G
RNomics Centre
This fully automated centre enables the screening of
various forms of alternative splicing involved in many complex
diseases.
 énome Québec and Centre hospitalier universitaire
°G
régional de Chicoutimi Biobank
The Biobank is a world-class high technology infrastructure
dedicated to managing biological and non-biological samples
with the potential to influence or interact with human health.
 énome Québec, Université de Montréal and CHUM
°G
NIML Centre (National Immune Monitoring Laboratory)
This immune monitoring platform develops sophisticated
high-throughput lab tests to study immune responses in patients
with viral infections or who have been vaccinated.

INTEGRATION
• Génome Québec seeks to drive activities that support the
transformation of genomics inventions into useful innovations
in the human health and natural resources sectors. This mainly
consists of:
° Enabling the general population to benefit from innovations in
genomics research.
° Securing diverse sources of funding.
° Establishing Québec’s regional and international position as
a leader in the field of genomics.
• Génome Québec has contributed to over 80 invention
declarations and patents resulting from the projects in
which it invests. Working in close partnership with university
stakeholders dedicated to the enhancement of these inventions,
Génome Québec supports projects with the greatest growth
potential from a commercial perspective.
• Génome Québec also strives to increase public understanding
of genomics in Québec.
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5. Génome Québec

(continued)

COOPERATION
Génome Québec is focused on promoting the development of structural cooperative initiatives in Québec, in Canada and abroad
as a means of ensuring scientific and socioeconomic development.
Major socioeconomic impacts for Québec:
• Over 600 jobs created in five years—the great majority of them highly qualified.
• More than $28 million in investments from the private sector (Merck Frosst Canada, Argos, Pfizer, Sigma, VIA, etc.).
• Through its technological centres, the generation of over $13 million in revenue. This is in addition to the major projects funded by
Génome Québec and represents 34% of overall revenue. This sum is reinvested in research.

5.1 Scientific advances and their impact on society
The investments made to date by Génome Québec have made it possible to:
• Improve health services and enable better cost management in this area.
• Contribute to the sustainable development of our forests.
• Create and maintain stable, highly qualified jobs.
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5.1 Scientific advances and their impact on society

(continued)

CONCRETE EXAMPLES
• A partnership with Héma-Québec was developed to create a
permanent database of 22,000 genotyped blood donors,
in order to simplify secure blood transfusions for patients in
Québec. This initiative makes it easier and faster to find blood
for patients with rare blood types.
• The international consortium P³G (The Public Population Project
in Genomics) enables research scientists from around the globe
to work together to accelerate research on the most widespread
diseases, such as cancer and diabetes. One of the consortium’s
objectives is to improve disease prevention.

The above three projects, all of which enjoy the support of
Génome Québec, have proven to be innovative and useful
resources for the scientific community. Subject to an appropriate
degree of governance, these public initiatives support progress
in genomics research with the goal of improving the health of the
population of Québec.

• CARTaGENE is a public infrastructure that supports research into
the genomics of varied populations. This collective project’s goal
revolves around recruiting samples from over 20,000 adults in
Québec to study genomics factors associated with health and
diseases in the population. Financed solely through public funds,
CARTaGENE will contribute to the development of improved
disease diagnostics, treatment and prevention.
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