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EXECUTIVE SUMMARY
Bioinnovation has the power to transform our world for the better by stimulating economic growth and
reducing global carbon emissions. In a May 2020 report, the McKinsey Global Institute estimated that as
much as 60% of global inputs to the world economy could be made biologically. This means that we will
be able to manufacture more materials and products using sustainable, renewable processes.
The direct economic benefits could reach US$2 to $4 billion by 2040, with 70% of this sum in
Bioinnovation for healthcare, agriculture and agrifood sectors alone. In addition, by 2040 to 2050, the
direct applications of genomics in various sectors could reduce the average annual human-induced
greenhouse gas (GHG) emissions by 7% to 9% from 2018 levels.
In other words, Bioinnovation holds one of the keys to solving some of the greatest challenges of our time
– from pandemics and climate change to the transition toward sustainable production systems. Innovation
and smart investments that boost productivity and competition in these areas must figure prominently in
Québec’s long-term economic recovery and growth strategy.
As with all periods of economic and technological upheaval, the biological revolution will be an era of
major opportunities, but also considerable uncertainty. Québec must decide now whether it wants to jump
on the bandwagon. If so, this will need to be reflected in the next Stratégie québécoise de la recherche
et de l’innovation.
For this shift to be a success, we will need to look at rethinking our ways of doing things and to invest
massively. In this context, an approach based on specific missions geared towards societal challenges
seems most appropriate.
Now that genomics has reached a significant level of maturity, it lends itself particularly well to this
approach, especially since it can help us make meaningful headway in addressing challenges that cut
across various sectors. This is the direction that our federal partner, Genome Canada, is about to take.
To capitalize on the leverage effect of federal funding and optimize economic and social benefits, we
would like to propose that Québec implement a similar strategy, one which would reflect our own
challenges and priorities.
Our proposal features four main challenges. To meet these challenges, Génome Québec recommends
relying on targeted funding programs and a collaborative, mission-based approach, with the ultimate goal
of addressing Québec's priorities and challenges.
Each of these missions would include deliverables with specific indicators to measure tangible outcomes.
The missions would address the following challenges: climate change and sustainable development,
pathogen surveillance and control, precision medicine and biomanufacturing. In order to achieve the
outcomes set out for each of the challenges, we will be guided by the following principles, all of which are
essential to the success of our endeavour:
•
•
•
•
•
•

Business model based on the leverage effect of the dollar in Québec
Public-private partnerships
Technological self-sufficiency
Alignment between artificial intelligence and genomics
Acceleration of corporate growth and market stimulation
Public acceptance

Bioinnovation is the future, and this brief is meant to show you why. If Québec truly wishes to be a
knowledge-based economy in order to solve some of modern society’s most pressing issues, then this
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without a doubt constitutes an innovative, forward-looking and visionary option. Génome Québec is the
right organization to chart this new course. If Québec wants to rank among the leaders of the coming
economic revolution, it must adopt its own genomics strategy, just as the federal government intends
to proceed with its own strategy for Canada as a whole, as announced in its last budget. Many other
countries have already made significant headway in this respect.
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FOREWORD
DNA, three letters that make all progress possible!
Advances in biological science, including genomics, combined with accelerated computers and
technological development, massive data processing and artificial intelligence, are paving the way for a
new era of innovation, which will have a significant impact on strategic economic sectors, such as
healthcare, agriculture, energy and consumer goods.
COVID-19 has shown us the danger and the potential of the biological world. The swift response of the
scientific community demonstrated just how much progress has been made in recent years. The speed
at which the genome of the virus was sequenced – we’re talking days, not months – highlights the fact
that the tools and technologies available to us today is nothing short of revolutionary.
Bioinnovation has the power to transform our world for the better by stimulating economic growth and
reducing global carbon emissions. In a May 2020 report, the McKinsey Global Institute estimated that as
much as 60% of global inputs to the world economy could be made biologically. This means that we will
be able to manufacture more materials and products using sustainable, renewable processes. The direct
economic benefits could reach US$2 to $4 billion by 2040, with 70% of this sum in Bioinnovation for
healthcare and agriculture and agrifood sectors alone. In addition, by 2040 to 2050, the direct applications
of genomics in various sectors could reduce the average annual human-induced greenhouse gas (GHG)
emissions by 7% to 9% from 2018 levels.
Other countries recognize this, both in terms of pandemic preparedness and future prosperity (UK,
Germany, France, USA, etc.), and as the Organisation for Economic Co-operation and Development
noted in January 2021, globally, research and innovation are increasingly encouraged to provide
transdisciplinary approaches to complex problems.
Bioinnovation holds one of the keys to solving some of the greatest challenges of our time – from
pandemics and climate change to the transition toward sustainable production systems. Innovation and
smart investments that boost productivity and competition in these areas must figure prominently in
Québec’s long-term economic recovery and growth strategy.
On April 19, 2021, the Government of Canada announced initial funding for the development of a PanCanadian Genomics Strategy, as several other countries have done in recent years. For Génome
Québec, there is no doubt: Québec must adopt its own genomics strategy to have at its disposal
all the necessary means to influence and take advantage of the choices that will be made at the
federal level. This means being the first province on the starting line! This brief is the first step
in this direction.
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MISSION – VISION – VALUES

OUR MISSION
Génome Québec’s mission is to catalyze the development and excellence of genomics research and
promote its integration and democratization. As a pillar of the Québec bioeconomy, our organization
contributes to Québec’s influence and its social and sustainable development.

OUR VISION
Genomics-driven innovations will improve health care service delivery, support agrifood, environmental
and forest management practices and enhance public policies.

OUR VALUES
Excellence – Openness – Creativity – Integrity – Ethics
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INTRODUCTION
In 2021, Génome Québec celebrated 21 years of achievements in supporting the scientific and strategic
development of genomics in Québec. Recognized for its expertise that spans multiple sectors, its
institutional neutrality and its high-quality support, Génome Québec currently manages a portfolio of 95
active research projects worth $400 million. It also operates two technology centres that provide
academic and industry researchers with nearly $15 million in services every year.
In the past 10 years, the contribution of partners other than the ministère de l’Économie et de l’Innovation
and Genome Canada has continued to increase, reaching 52.8% of Génome Québec’s portfolio. This
trend clearly illustrates how genomics-based applications are increasingly meeting the needs of industrial
users, who are seeking innovative solutions to boost their productivity and competitiveness.

Génome Québec has adopted a unique business model based on the leverage effect of the dollar in
Québec. Another distinct feature of the organization is that its expertise and funding program reflect a
multi-sectoral and multidisciplinary approach.
We are increasingly called upon to address pressing social, environmental and economic challenges:
climate change, pandemics, chronic diseases, food insecurity and the need to generate sustainable,
inclusive economic growth that respects the environment. These issues are complex, systemic,
interrelated, urgent and very real.
To stimulate progress and develop solutions, policymakers adopt “mission-based” frameworks. The
classic example is NASA's moon mission, but examples abound, from the European Horizon 2020
program to the US Defense Advanced Research Projects Agency and its sister agencies. In each case,
major societal challenges are identified, and research and innovation are then harnessed to find solutions.
The missions are defined in consultation with stakeholders, which ensures the buy-in of society and the
capacity of the receivers. They take a portfolio approach, creating multiple paths to success and avoiding
the challenge of having to “pick the winners.”
Today, genomics lends itself well to such a mission-based approach. The technology has matured to the
point where it can contribute to significant progress in addressing cross-sectoral challenges. This is also
the direction that our federal partner, Genome Canada, is taking.
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To make the most of the leverage effect of federal funding and to optimize economic and social benefits,
we propose a similar strategy for Québec, one which would reflect our own challenges and priorities.
This would take the form of a flexible portfolio of programs, a mix of open and directed calls for research
proposals, partnership projects focused on applications and innovation, the development and launch of
technology, the generation and analysis of data, as well as skills development and training. The
composition of the portfolio, which would be informed by objectives and performance measures, would
focus on specific and measurable outcomes to be achieved within a specified timeframe, typically five
years. Missions would be tailored to a specific challenge and carried out in close co-operation with
relevant stakeholders within a specific ecosystem.
This brief proposes a vision and proactive solutions to stimulate the bioeconomy and Bioinnovation,
attract investment and talent, and thus help to make Québec an enviable model, both in Canada and
abroad.
Our proposal focuses on four main challenges:
1.
2.
3.
4.

Climate change and sustainable development
Pathogen surveillance and control
Precision medicine
Biomanufacturing

To achieve the outcomes set out for each of the challenges, we have identified six essential
success factors:
•
•
•
•
•
•

Business model based on the leverage effect of the dollar in Québec
Public-private partnerships
Technological self-sufficiency
Alignment between artificial intelligence and genomics
Acceleration of corporate growth and market stimulation
Public acceptance

We would like to thank the ministère de l’Économie et de l’Innovation for giving us the opportunity to take
part in the consultations on the 2022 Québec Strategy on Research and Innovation. This brief is intended
as a basis for discussion, in anticipation of a coming Québec genomics strategy.
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PART I – ON A MISSION TO TACKLE OUR GREATEST CHALLENGES
1. Climate change and sustainable development
In addition to highlighting the challenges of climate change, the pandemic has revealed systemic issues
with food security and supply chain resilience, which jeopardize the growth of this vital industry.
Genomics improves crop yields and boosts crop resistance to climate-related threats, while offering new
technologies to mitigate the effects of climate, as the pace of change accelerates. The climate crisis is
already having an impact on our economy and environment. The pressure on existing supply chains of
natural resources continues to grow. If the challenge is not addressed proactively, it could lead to periodic
collapses in supply.
Québec is well positioned to chart a new course towards a bioeconomy, where resource extraction and
sustainable manufacturing operate with new technologies on the basis of a carbon-neutral circular
economy. Section 4 of this brief further discusses the potential of biomanufacturing.
Québec has made a commitment to a 37.5% reduction in its GHG emissions by 2030, compared to 1990
levels, but it must also revive its economy, increase its level of prosperity and improve the quality of life
of its citizens. To do so, it must step up to the challenge of innovation with a special focus on sustainable
development and on the emergence of forward-looking economic sectors that create quality jobs.
Whether the issue is reducing the carbon footprint of the agricultural sector, promoting sustainable
forestry practices, protecting biodiversity and the services provided by ecosystems, or developing crops
that are better adapted to greenhouse cultivation, genomics is a powerful, cutting-edge tool that provides
innovative solutions to very real problems in sectors such as the environment, agriculture, agrifood and
forestry.
Right now, genomics is directly capable of helping to reduce GHG emissions. It can be harnessed in
multiple ways, while generating economic value, for example, through public-private partnerships that
focus on the development of innovative processes and products.
1.1 Building on the experience of Génome Québec
Currently, 41.5% of the projects funded by Génome Québec pertain to issues related to the environment
(animal feed, reduction of nitrogen fertilizers, sustainable reforestation strategy, development of forest
biomass, impact of climate change on biodiversity, blue-green algae, use of pesticides, etc.), while 50%
of the 1,000 clients of our sequencing platform (the Centre d’expertise et de services) come from the nonhuman health sectors.
To illustrate the positive impact of our funding, let's take a look at two projects backed by Génome
Québec.
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Biostimulants that increase the yield and health of crops
to reduce GHG linked to the intensive use of nitrogen-based fertilizers
Crop production requires significant inputs of nitrogen fertilizers to increase and maintain productivity.
However, plants absorb less than 60% of this type of fertilizer. Every year, large quantities of these
fertilizers are applied to fields, only to be converted into nitric oxide, a powerful greenhouse gas.
In Québec, between 1990 and 2017, emissions produced by the management of agricultural land
increased by 20.9%, from 2.0 to 2.4 MT CO2 eq. This upward trend is primarily due to the annual increase
in the use of nitrogen-based fertilizers on crops. In Québec, this is especially true with corn, potato and
wheat crops, which require large areas of land and a great deal of nitrogen.
In addition, a significant quantity of nitrates and phosphates found in the fertilizer leaches into streams
and groundwater, where it promotes the growth of algae, leading to lower levels of oxygen in the water,
the destruction of biodiversity and the pollution of the drinking water supply.
Solution from genomics
Genomics helps us to understand the biological functioning underlying soil health. More specifically, the
mapping and study of soil fungi and microorganisms, previously conducted in a research project backed
by Génome Québec, now support the development of microorganism-based biostimulants. This is a
sustainable biological substitute to soil fertilization that also creates economic value for a Québec startup.
With this in mind, Mohamed Hijri, a researcher at Université de Montréal, decided to launch a company
based on the technology developed as a result of the project funded by Génome Québec. Quorum
Inoculants develop microbial formulas that increase plant health and yield. The first greenhouse trials
conducted in Québec showed a significant increase in plant productivity and yields, as well as an increase
in nutrient uptake efficiency (potassium, phosphorus, nitrogen). The yield of tomatoes rose by 280% in
total weight and 145% in fruit numbers. More trials are underway for potatoes and corn.
Economic benefits
Reducing the use of nitrogen fertilizers with these economically important crops for Québec will have a
significant effect on GHG emissions from agriculture, while improving soil health in the long term. From
an economic point of view as it relates to innovation, other Québec successes have paved the way for
this niche. Premier Tech, a Québec company, built its business model on biological inoculants and has
been very successful internationally.
The global market for this type of product is growing and expected to reach US$752 million by 2025.
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Successful partnership to recover lactose using genomics
In our industrialized world characterized by overconsumption, waste management is a constant
challenge. If we want to pass on a healthier planet to the next generation, we must find solutions to this
problem, which affects all industries. All types of waste come with their own specific set of challenges
and the agrifood industry is no exception. Lactose, a by-product of dairy processing, has little economic
value on the market and is often considered a waste product by the industry.
Solution from genomics
Here again, genomics is part of the solution. All products made from milk, including cream, skim milk,
cheese, butter and concentrated protein, are profitably marketed. However, a lactose by-product, known
as ultrafiltration permeate (UFP), is a low-value product. In many cases, it is disposed of in lagoons or
even spread on land.
Thanks to funding of $1.9 million from Génome Québec, a team of researchers from Concordia University
is working closely with Agropur, a Québec cooperative and leader in the North American dairy industry,
to completely revamp the lactose production process to convert it into a value-added product.
This extremely innovative project between industry and academia is using genomics to develop
technology capable of transforming a low-value intermediate milk by-product into a valuable commodity.
Among other benefits, this will help to reduce the environmental impact of the lactose waste management
process. Using genomics, yeast can be utilized to produce fumaric acid through the fermentation of
lactose.
Economic benefits
Thanks to genomics, the agrifood industry will be able to recover the waste generated by one of its
manufacturing processes. In environmental terms, the advantages are even greater, with future
generations reaping the benefits. With its network of more than 3000 dairy producers in Canada, Agropur
will be well positioned to leverage the technology resulting from a valuable partnership between
researchers and industry.
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Genomics on a mission
The growing number of genomics applications used in environmental sectors, such as agriculture,
agrifood and forestry, is generating benefits for processes and products. Consequently, we must have
the means to stimulate the industrial potential of genomics in order to boost the competitiveness of key
economic sectors and support Québec commitments in terms of climate change and sustainability.
Génome Québec recommends the use of targeted funding programs that focus on a collaborative,
mission-based approach whose ultimate goal will be to address Québec priorities and challenges.
Climate change and sustainable development could be the focus of such a mission, whose
deliverables could help to:
•
•
•
•
•
•
•
•
•

Reduce GHG emissions using soil microbiomes designed to reduce the amount of fertilizer needed
Reduce GHG emissions by improving livestock genetics and feed
Improve biodegradability and recycling through the reuse of plastic
Decontaminate degraded industrial sites
Plant trees today that will be suited to tomorrow’s climate and increase the capacity for carbon capture
Improve crop yield and resistance to local conditions for sustainable agriculture
Optimize greenhouse cultivation to increase Québec’s food security
Reduce the carbon footprint based on a circular economy model
Recover the biomass to create new bioproducts and biofuels
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2. Pathogen surveillance and control
The COVID-19 pandemic took the entire world, including Québec, by surprise, wreaking havoc in our
communities. The way in which countries responded early on had major social and economic
repercussions, not to mention the impact on the number of lives lost. Now is the time to make sure
Québec is prepared to face future pandemics of the same magnitude and manage their impact on
citizens, public health, the economy and more. This can only be achieved by implementing state-of-theart pathogen surveillance and control mechanisms.
Surveillance, however, should not be limited to only those pathogens that cause human infectious
diseases. Surveillance is essential for food safety and security, imports and exports, as well as
agricultural productivity. For instance, the food industry loses over $1 billion annually due to food product
recalls. According to the Conference Board of Canada, each year, food-borne illnesses affect 4 million
Canadians, resulting in more than 14,000 hospitalizations, and cause several hundreds of deaths. If left
unchecked, endemic and invasive pathogens could lead to billions in annual losses and cause major
public health issues.
As we know, human health is closely connected to animal health and to the environment in which we live.
In recent years, many factors have impacted the interactions among people, animals, plants and our
environment. Human populations are growing and expanding into new geographical areas, while people's
proximity to animals, whether wild animals, livestock or pets, is increasing. In addition, the impact of
climate change is being felt more and more, be it on the weather itself, land use (deforestation, intensive
agricultural practices, etc.) or air and water quality. Lastly, the movement of individuals, animals and
goods is constantly increasing due to global trade and international travel.
Consequently, diseases of all types can spread rapidly across borders and around the world. This means
we can expect other epidemics and pandemics in the coming years. Hence, the importance of
implementing pathogen surveillance mechanisms, with the ultimate goal of being well prepared to tackle
issues of food safety, antimicrobial resistance and zoonotic diseases.
2.1 Embracing genomics to understand and diagnose
Given its capacity to respond to so many public health issues, genomics is becoming an essential tool
that should be made available to public health authorities in Québec. It is powerful technology that is now
sufficiently mature to provide solutions in times of crisis, as was the case during the health emergencies
involving E. coli, salmonellosis and listeriosis, or currently, with the COVID-19 pandemic, as genomics is
being harnessed to understand the virus, variants, antigenic reactions and more.
In the area of food safety, a team of experts has discovered that not all strains of salmonella are virulent
and dangerous to humans. The team has identified rapid genomic-based diagnostic methods that are
now included in the routine surveillance operations of PulseNet Canada. In addition, this team has
developed a phage cocktail capable of neutralizing salmonellosis on vegetables. Field testing is now
being completed. The short- and long-term impacts of these discoveries are very important since the
tools will allow us to identify, more quickly and accurately, the strains responsible for a salmonella
outbreak. This, in turn, means that only the tainted products, rather than the entire display, can be
recalled, thus significantly reducing commercial losses, the number of outbreaks and the associated
medical costs.
In other words, by using rapid and accurate metagenomic sequencing, together with an enhanced
surveillance and response platform – in collaboration with key partners such as Laboratoire de santé
publique du Québec and others – Québec would have the tools needed to be more proactive in preventing
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and controlling outbreaks. By building a national surveillance system, which would be capable of
contributing to the Canadian and international effort, Québec would have access to a decision-making
framework backed by scientific evidence.
When the pandemic began, the Québec and Canadian genomics community quickly responded by
offering up their expertise. Physicians, public health authorities, policymakers and businesses working in
screening, pharmacotherapy and vaccines have significantly relied on genomics to find solutions for the
common good.

Canadian COVID-19 Genomics Network (CanCOGeN)
Created at the very start of the pandemic with an initial investment of $40 million from the Government
of Canada, CanCOGeN, a consortium led by Genome Canada, is tracking the SARS-CoV-2 virus causing
COVID-19. It monitors its origin, spread, evolution in the Canadian population and the role of certain
genetic factors associated with the disease. The consortium is providing real-time data to public health
authorities to help them make optimal decisions during the pandemic. CanCOGeN also aims to provide
laboratories across the country with the necessary infrastructure to become a national platform for rapid
response to future coronavirus outbreaks and other pandemics. It generates genomic data to track
transmission, inform public health policy decisions and guide screening and contact tracing strategies,
and develop vaccines and treatment by sequencing the genomes of 10,000 Canadians and 150,000 viral
samples. Génome Québec is involved in this initiative, working together with Laboratoire de santé
publique du Québec, under the VirusSeq axis of the consortium, whose mandate is to collect and analyze
some 150,000 viral sequences from patients who have tested positive for COVID-19.
By combining CanCOGeN’s funding with that of the ministère de la Santé et des Services sociaux, whose
funds come from the envelope earmarked for the Québec surveillance strategy of SARS-CoV-2 variants,
Laboratoire de santé publique du Québec, which oversees sequencing, estimates that it will be able to
deliver 65,000 viral sequences, or nearly 43% of the goal of the VirusSeq axis. The sequencing will be
carried out largely using the infrastructure of the Centre d'expertise et de services de Génome Québec.
In the HostSeq axis, Génome Québec is working with the Biobanque québécoise de la COVID-19
(BQC19) on facilitating high-quality research on COVID-19 by providing the scientific community with
access to biological samples and related big data. After its first year of operation, more than 20,000
samples have been retrieved from more than 2,626 participants, allowing the publication of five articles
on risk factors and markers of decreased susceptibility to COVID-19. This just goes to prove the impact
and importance of the BQC19.
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2.2 Embracing genomics to treat diseases
Antimicrobial resistance accounts for approximately $85,000 billion in losses every year around the world.
By using a comprehensive multidisciplinary and multi-sectoral approach to address the growing threat of
antimicrobial resistance, we hope to neutralize associated risks while ensuring access to global markets,
which require compliance with their strict regulatory standards.
If we are to curb the problem of antimicrobial resistance in hospitals, on farms and in the environment,
we should consider organizing a critical mass of experts in microbial genomics. This would provide
Québec with the leading-edge technology it needs to prepare for major health emergencies and support
the province’s competitiveness in innovation (antibiotics, therapies, etc.).
Using genomics to enhance our surveillance of pathogens will assist with swift and sound decision
making in terms of preventing, controlling and managing outbreaks (repeat infection, super spreaders,
vaccine efficacy), detecting new variants, their correlation with pathogenicity and, over the long term, the
development of new therapies and vaccines.

Noteworthy statistics
According to the Council of Canadian Academies, in 2018, approximately 26% of infections were resistant
to drugs generally used to treat them. By 2050, the resistance rate could reach 40%.
In addition, by 2050, the cumulative costs of antimicrobial resistance in Canada will be:
396,000 lives
$120 billion in hospital costs
$388 billion in gross domestic product
In 2019, the World Health Organization listed antimicrobial resistance as one of the largest public health
threats for humanity. Unlike new viral pandemics that make media headlines when they strike,
antimicrobial resistance involves not just one pathogen (capable of causing disease), but rather a
multitude of viruses, parasites, fungi and, most important, bacteria.
If we compare it to other viral illnesses such as COVID-19, antibiotic and antimicrobial resistance can
also be defined as a pandemic. In the long term, its impact on the economy and public health could be
worse that the health crisis we are experiencing now due to COVID-19.
The good news is that the challenges we are experiencing have taught us that global cooperation is
possible. If society and the scientific community join forces, as they did with COVID-19, we have reason
to hope that we can stamp out this new pandemic or at least reduce its impact.
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Genomics on a mission

Génome Québec recommends the use of targeted funding programs that focus on a collaborative,
mission-based approach whose ultimate goal will be to address Québec priorities and challenges.
Increased real-time surveillance of pathogens, combined with the potential of developing new
treatments, could be the focus of such a mission, whose deliverables could help to:
•
•
•
•
•
•

Anticipate and rapidly respond to devastating pandemics
Prevent millions of dollars in direct losses annually due to food recalls
Save hundreds of millions of dollars in healthcare costs associated with foodborne pathogens
Eliminate millions of dollars in lost productivity caused by invasive parasites in the natural resources
sector
Develop new vaccines, antibiotics and drugs to fight pathogens
Create new jobs and improve research and development skills, which would benefit industry and the
public sector
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3. Precision medicine: From science to economic development
In the 2017-2027 Québec Life Sciences Strategy (QLSS), the Québec government, following many
consultations, clearly expressed its commitment to strengthen precision medicine and the use of big data
in the health sector. two cross-cutting niches with tremendous growth potential. The document states:
Québec has world-leading researchers and organizations in these two niches and must continue to
encourage young people to train in the field. They are cross-cutting sectors whose development will play
to all of Québec’s research strengths. Focusing on these two important areas will also provide Québec
with a unique, ambitious and visionary international positioning and ultimately attract greater private
foreign investment and help develop a new industrial sector.
It will soon be five years since the QLSS has been tabled and Québec still does not have a clearly
structured strategic plan developed jointly with the precision medicine ecosystem. Such a plan should
include clear deliverables and performance indicators that make it possible to track the progress of the
shift to precision medicine, but above all, to achieve outcomes that draw on existing expertise in order to
create wealth and attract foreign investment.
According to a February 2020 study published by Global Market Insights, the size of the precision
medicine market exceeded US$57 billion in 2019. The study predicts that the global precision medicine
market will grow annually by 11% between 2020 and 2026, with estimated revenues of $119 billion in
2026.

Spearheaded by Génome Québec, the Concertation Table on Precision Medicine represents the
stakeholders of the precision medicine innovation chain in Québec. This makes it the ideal partner for
engaging in debate and discussions on ways to optimize the mobilization of invested resources and
expertise in order to realize the full social and economic potential of precision medicine.

In September 2020, the United Kingdom presented its National Genomics Healthcare Strategy.
Interestingly enough, no specific budget was announced; however, the UK government did indicate that
it would draw on its 2020 budget, which included plans to increase public spending on R&D to
approximately £22 billion by 2025, to launch the new genomics health strategy. This strategy aims to
provide patients with the best possible predictive, preventive and personalized care by harnessing the
potential of advanced genome sequencing. It also describes how the genomics community in the UK
(from researchers to the National Health Service) will come together to leverage the latest advances in
genetic and genomic science, research and technology for the benefit of patients and to create the most
advanced genomics-based healthcare system in the world.
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In this respect, Québec has yet to jump on
the bandwagon, where it could join other
major international leaders. On April 30,
2021, for instance, Matt Hancock, former
Secretary of State for Health and Social
Care, speaking at the annual convention of
the
Association
of
the
British
Pharmaceutical
Industry,
announced
additional funding of £37 million for
genomics projects and initiatives using data
in order to position the UK as a global life
science leader. One of the pillars of the
British strategy is the alignment between
Innovate UK and the National Health
Service.

“[...] never has the public been more engaged in terms of
health research – so let’s harness this enthusiasm. Tackling
COVID has been a global mission – but there are so many
other noble missions that still lie ahead. I am sure you can
think of those that you are most focused on. Tackling cancer.
Treatments for dementia. Preventing heart disease, so much
more.
Through this initiative we want to make the UK a world leader
in new approaches to understanding how genetic changes
cause disease. We’re making genomic sequencing a routine
part of everyday diagnosis and treatment.”
Speech by Matt Hancock, former Secretary of State for Health and Social Care,
United Kingdom

3.1 Québec’s place on the map
The aging of the population and the prevalence of chronic diseases are realities that cannot be
overlooked, as the cost of healthcare continues to rise, reaching 43% of the government’s overall budget
in 2020-2021. To respond effectively to the issue and to curb the increase of costs, Québec must without
delay step up its efforts to integrate innovation into its healthcare system. According to a position
statement issued in May 2020 by the World Economic Forum, the benefits of precision medicine in terms
of efficiency and improved care and services are more obvious than ever.
Clinical, scientific and industrial innovations will allow us to offer patients better care. However, the
success of such a shift depends first on matching the needs of the healthcare system with cutting-edge
research and second in attracting private investment. But if corporations are to innovate, they need
access to research and discoveries that come directly from the lab. Unfortunately, too many great ideas
never make it off the drawing board. This scenario is due in large part to a communication gap between
academia and the private sector.
3.2 Extremely fertile ground for innovation
Québec is a leader in precision medicine. This is not entirely unrelated to the contribution of Génome
Québec, whose specific funding for this field has totalled close to $150 million over the past 10 years. To
make the most of these investments, it is important to have in place mechanisms that will take discoveries
out of the lab, generate economic value from these discoveries and ensure their integration into our
healthcare system.
In addition to its standard funding programs, Génome Québec has recently implemented a major
measure, the Genomics Integration Program – Human Health, meant to build bridges between
researchers and private corporations working in the field of health. The program focuses on co-funding
partnerships between university researchers and users capable of implementing or commercializing
research results. The funds will be exclusively dedicated to establishing proofs of concept that can be
used to obtain subsequent funding.
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The goal of the program is to is to help companies establish partnerships with researchers in order to
bring a technology to maturity and thus to be adequately equipped to access funding on a larger scale.
Given that in the health sector many companies (SMEs, start-ups) have difficulty accessing seed funding,
which prevents them from developing proofs of concept, the new program is certainly a very interesting
option.
In addition, this program will enable public users, including the ministère de la Santé et des Services
sociaux and hospitals, to have a funding tool to validate and integrate genomic tools into patient care.
3.3 Genomics, a pillar of precision medicine
When it comes to genomics, the UK model is clearly the most advanced; but there are others. The United
States, France and Estonia come to mind. These countries have developed national strategies on
genomics medicine and are investing massively in making the shift towards precision medicine. Does
Québec wish to secure a unique position in this field? Does it wish to attract foreign investments or build
an industrial sector? If so, the time to act is now. Québec should develop a powerful strategy, make it a
priority and most importantly give itself the means to achieve its ambitious goal. Those who succeed are
those who make choices!
Genomics is a very powerful technology that will revolutionize medical practice in all areas including
prevention, diagnosis and treatment. It will help guide treatment, identify genes that predispose someone
to hereditary forms of cancer, predict drug response and discover new targeted therapies. It is the very
foundation of tomorrow’s medicine. When combined with artificial intelligence, its potential will surge
exponentially as we witness the unprecedented growth in data analysis, the emergence of new solutions
(particularly promising in the area of cancer care), and the fact that, once proven, algorithms can be
applied to other diseases – and even to climate change challenges.
Here are two examples of diagnostic solutions that demonstrate the incredible impact genomics can have
on patient care, the health network, and the economy. These projects are funded by Génome Québec.
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Ending the diagnostic odyssey of rare diseases
Dr. Jacques L. Michaud of CHU Sainte-Justine secured over $6 million in funding for a project aimed at
offering whole-genome sequencing to newborns and infants in acute care. The project raises much hope
in the fight against rare genetic disorders, since it would help doctors diagnose sooner and more
systematically these diseases in newborns.
Rare genetic disorders and congenital malformations indicating a possible genetic syndrome affects 1%
to 2% of live births and are the leading cause of hospitalization and death in infants in Canada. A genetic
diagnosis in the first few months of life can have critical implications for the clinical management of
newborns and infants as well as for a child’s health throughout his or her entire life.
Accurately diagnosing rare genetic disorders is often a tremendous challenge. Not only are there more
than 8,000 rare genetic conditions but with very young patients they often present non-specific symptoms
or symptoms different than those usually observed in older patients.
Solution from genomics
The goal of Dr. Michaud’s project is to offer rapid clinical genome-wide sequencing (GWS) to all critically
ill newborns and infants in Québec who need this test. The first phase will develop and study the impact
of a rapid GWS program on the investigation of these disorders, while the second phase will involve
implementing this program in the Québec healthcare system.
Human and economic benefits
Real costs of a typical diagnostic pathway
•
•
•
•

$10,000 – $15,000
Response time: years
Cost using a sequencing approach: $2,000
Response time: two to four months

In an Australian study involving 40 seriously ill children, genomics tests saved approximately C$500,000
in healthcare costs compared to standard diagnostic testing. A similar study conducted in San Diego on
42 patients estimated net savings at C$172,000.
If we extrapolate these figures with a population of 250 patients – the number of newborns admitted
annually to intensive pediatric care with a suspected rare genetic disease in Québec – implementing the
rapid whole-genome sequencing program would generate short-term savings of about $1 to $3 million
per year.
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A life-saving Pap test for ovarian and endometrial cancer
Together, ovarian and endometrial cancers affect some 10,000 Canadian women annually and cause
more than 3,000 deaths. Though more money is spent on these diseases, their cure rate has not
improved in 30 years.
Deaths from ovarian and endometrial cancer rank among the four leading causes of cancer deaths
among North American women. These cancers have few to no symptoms in the early stages and so are
diagnosed only once they have reached stages 3 or 4. At these stages, the cancer has metastasized
outside the gynecological organs, making cure unlikely. When discovered at stages 1 and 2, cure rates
for ovarian and endometrial cancer are more than 80%.
Solution from genomics
Dr. Lucy Gilbert of the McGill University Health Centre (MUHC) obtained more than $6 million in funding
to complete the development of a screening test for ovarian cancer that is faster and more accurate than
existing tests. It could save thousands of lives every year in Canada and around the world.
The solution proposed by Dr. Gilbert involves finalizing the DOvEEgene test, a genomic uterine smear
test to screen and detect these cancers when they are confined to the gynecological organs and
consequently, curable. The exam will test 28 genes involved in the development of sporadic and
hereditary ovarian and endometrial cancer in women ages 45 to 70. The project is conducted in
partnership with OPTILAB and MUHC.

Human and economic benefits
The goal is to make available to family physicians and gynecologists in the coming years a test capable
of detecting more than 70% of early ovarian and endometrial cancers with a false positive rate of nearly
zero. No test with this level of accuracy currently exists.
DOvEEgene is a ground-breaking innovation that has the potential to help women with gynecological
cancer and reduce healthcare costs associated with treating the disease at advanced stages. This
homegrown invention could also stimulate the Québec and Canadian economy. At the moment, the direct
costs of treating 10,000 Canadian women with these types of cancer are more than $1 billion per year.
Through early diagnosis, the DOvEEgene test is expected to reduce this bill by $231 million annually.
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Genomics on a mission

On this front, Génome Québec recommends the use of targeted funding programs that focus on
a collaborative, mission-based approach whose ultimate goal will be to address Québec priorities
and challenges. Securing a unique position by developing a strategic plan that leverages the
synergy between precision medicine and big data could be the focus of such a mission, whose
deliverables could help to:
•
•
•
•
•
•
•

Attract private foreign investments
Stimulate the growth of an industrial sector
Improve agility, efficiency and quality of care by integrating genomics into clinical practice
Train, retain and attract highly qualified talent
Establish a competitive environment where breakthrough innovation and research development can
thrive
Increase the number of therapies, especially for cancer
Enhance the value of population cohorts by integrating genomic data
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4. Biomanufacturing, the next industrial revolution
Nearly 70 years after the discovery of the double-helix structure of DNA, the world of biology is poised to
enter a new phase of growth. The recent wave of innovations, such as CRISPR-Cas9 – the gene editing
tool – or the spectacular advancements in gene and cellular therapy for reprogramming cells, are yielding
new knowledge, new materials and new tools. This will support the democratization of the tools available
and the reduction in the costs of DNA sequencing, editing and synthesis technologies. As science
continues to progress, a growing number of applications are now moving out of the laboratory and into
the marketplace.
Tools and technologies derived from Bioinnovation are taking the global marketplace by storm and
creating tremendous opportunities for the most creative organizations. The main G20 countries, including
the United States, Australia, China and
Singapore,
are
massively
investing
in
Bioinnovation development and reaping benefits
both on the economic front and in the fight against
COVID-19.
In its last budget, the Government of Canada
announced an investment of $2.2 billion to rebuild
our domestic biomanufacturing capacity and to
develop and produce vaccines. It is in Québec’s
best interest to position itself quickly in this
regard.
We recommend that Québec establish a fully
integrated network, which would encompass the entire Québec biomanufacturing community, in order to
facilitate the transition from discovery to commercialization in all sectors: innovation start-ups, the renewal
of traditional industries and the development of the talent and skills needed for the jobs of the future in
this field.
4.1 Human health
The field of human health is where biomanufacturing has made the greatest leaps and bounds.
Bioinnovation is already helping to save lives through innovative therapies tailored to our genome and
microbiomes. In the future, we estimate that almost half of the global disease burden could be addressed
using genomic applications that are scientifically feasible right now. Moreover, a number of advances in
Bioinnovation supported the global response to the SARS-CoV-2 pandemic in early 2020. For the first
time, gene therapy could offer cures to some diseases. In short, it will soon be commonplace to produce
diagnostics, therapies, vaccines and drugs from a biological cell. We do not even need to look that far
down the road since this is already happening in Montréal, as lives are being saved with this revolutionary
approach.
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Centre of Excellence in Cellular Therapy at Hôpital Maisonneuve-Rosemont (HMR)
With financial support of $13.5 million from Génome Québec and Genome Canada – $4.7 million of that
from the Québec government – Dr. Claude Perreault, Dr. Denis-Claude Roy and their multidisciplinary
team are hard at work improving survival rates of patients with chemotherapy-resistant hematological
cancer. For six years now, the team has been busy developing ground-breaking graft technology known
as GLIDE or Guided Lymphocyte by Immunopeptide Derived Expansion. A precision medicine approach,
GLIDE involves producing activated cells specifically designed to attack cancer cells. Progress in
genomics helped the research group identify one hundred anticancer targets on which to focus therapies.
These activated cells attack only tumours, leaving healthy cells intact and making it easier for the patient’s
body to accept the graft.
A phase 1 trial among patients with a very poor prognosis and a failed response to standard
chemotherapy was completed with the following results:
•
•
•

Clinically significant improvement
Very low rate of graft rejection
Very low level of toxicity following GLIDE treatment

In January 2021, the MHR Institut universitaire d’hémato-oncologie et de thérapie cellulaire
(Hematology/Oncology and Cellular Therapy University Institute) will launch a second phase 1 trial using
GLIDE, this time on relapse prevention.
The GLIDE approach meets the needs of half of patients who are diagnosed with blood cancer and fail
to respond adequately to standard chemotherapy and stem cell graft treatments. Once commercialized,
this therapy will quickly become the standard. Based on the number of high-risk transplants performed in
the United States and Canada, the market potential for GLIDE is estimated at $1.2 billion.
The cutting-edge expertise developed by Dr. Perreault, Dr. Denis-Claude Roy and their team is both
unique and recognized worldwide, making Montréal a centre of excellence in hematology/oncology and
cellular therapy. With the funding they received from Génome Québec in 2012, they were able to develop
the milestones of their scientific approach, making them pioneers, but above all the undisputable
reference in their field. The outcome of this investment now fuels their business development efforts,
attracts private investment, and most importantly, saves lives.
There is now even talk of building on this expertise, which would involve constructing a commercial
production centre for cellular and gene therapy in Montréal’s east end – should the project of a health
innovation zone in the east end materialize.
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CRISPR revolution: The story of Victoria Gray
Victoria Gray is not your ordinary American. She is the first person with a genetic disease in the U.S. to
be treated with a breakthrough gene editing technology known as CRISPR.
As the one-year anniversary of her landmark treatment approaches, Victoria Gray has just received some
good news: the billions of genetically engineered cells injected into her body clearly appear to be
alleviating virtually all complications of her disease – sickle cell anaemia – a rare blood disorder that
disproportionately affects African Americans in the U.S.
Sickle cell disease is caused by a genetic mutation that produces a defective form of hemoglobin, a
protein that red blood cells need to supply the body with oxygen. The defective hemoglobin turns red
blood cells into deformed, sickle-shaped cells that get stuck in blood vessels, causing excruciating pain,
organ damage and often premature death.
For the experimental treatment, scientists take cells from the patient’s bone marrow and use CRISPR to
modify a gene, which then enables the cells to produce a protein called fetal hemoglobin. Fetal
hemoglobin is made by fetuses in the womb to draw oxygen from their mother's blood; however, the body
usually ceases its production shortly after birth.
By restoring fetal hemoglobin production, doctors at the Sarah Cannon Research Institute, Nashville,
Tennessee, hoped to compensate for the defective hemoglobin produced by patients with sickle cell
disease, who do not have enough hemoglobin. After the treatment performed on Ms. Gray on July 2, 219, scientists were hoping that at least 20% of the hemoglobin in her system would be fetal hemoglobin.
However, blood tests have revealed these levels to be much higher – with approximately 46% of the
hemoglobin in her body being fetal hemoglobin. Moreover, fetal hemoglobin was present in 99.7% of her
red blood cells.
Another promising result was seen in a biopsy of the bone marrow cells. It revealed that over 81% of the
cells contained the genetic modification needed to produce fetal hemoglobin. In other words, modified
cells are surviving and functioning in her body over time Now, after nine months of thorough testing, the
treatment shows no signs of slowing down, making her doctors more confident than ever that the
experiment will succeed.
The researchers also reported that the first patient to receive the same treatment for beta-thalassaemia
in Germany has now been able to live without blood transfusions for 15 months.
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4.2 Non-human health sector
Bioinnovation could also be used to produce a large part of the physical materials in the global economy,
enhancing performance and sustainability. It is a highly promising approach that could improve the
features of the materials available, reduce the GHG emission profile of processing and manufacturing
and shorten the value chain.
Here are just a few examples of the potential of bioinnovation. Fermentation – a centuries-old process
used to make bread and beer – is now employed to create artificial silk and other fabrics. Biology is
increasingly used to make new and better quality materials that have entirely new capabilities are
biodegradable and generate far fewer carbon emissions when being produced. Mushroom roots can
serve as a substitute for animal skin to make leather. Plastic can be manufactured with yeast instead of
petrochemicals. And all it takes is a single cell. We are witnessing nothing short of a bio revolution!
The global bioeconomy will be worth $4 trillion annually by 2040 – with half of this sum in sectors other
than health. Technology will reshape the way humans make the materials we use every day.
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Genomics on a mission

On this front, Génome Québec recommends the use of targeted funding programs that focus on
a collaborative, mission-based approach whose ultimate goal will be to address Québec priorities
and challenges. Fueling multi-sectoral economic competitiveness by leveraging the capacity of
bioinnovation to become a global leader could be the focus of such a mission, whose deliverables
could help to:
•
•
•
•
•
•

Improve Québec’s self-sufficiency
Manufacture low-carbon products and promote a circular economy
Increase food security
Create high-level jobs in rural environments
Attract talent and investments
Build a knowledge-based economy
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PART II – SUCCESS FACTORS
To generate homegrown success stories, the mission-based approach proposed by Génome Québec
requires the presence of six factors. These key intersecting factors will support research excellence, the
development of innovation, competiveness, collaboration, the attraction of private investment and of
talent, training and social acceptance. Ultimately, the vision outlined in this brief consists of harnessing
the power of genomics to tackle the major challenges faced in Québec through an integrated approach
based on synergies, results and the lever effect of the dollar in Québec.
1. A unique business model to translate research into benefits
Génome Québec was created in 2000 to support the strategic and scientific development of genomics in
Québec and to secure its leadership role in the field. Through our unique model, which is based on the
lever effect of the dollar in Québec, we are able to establish public-private partnerships in the area of
research and innovation through competitive programs based on excellence and tangible social and
economic benefits.
Génome Québec is part of the Genomics Enterprise, a large Canada-wide multi-sectoral and
multidisciplinary network composed of six regional genomics centres and Genome Canada, in addition
to other partners from industry, as well as the academic and the non-profit sectors. Over time the
community has matured just as science and its application has advanced by leaps and bounds. The
model has evolved to become a catalyst for translating research into tangible benefits. The added value
of this unique model is as follows:
•
•
•
•
•
•
•

Financing with a strong lever effect of 1:3 for each dollar allocated by the ministère de l’Économie et
de l’Innovation du Québec
Support of applied research projects with interdisciplinary, multi-sectoral teams of researchers and
users
Efficient scientific and financial management of funding
Offer of premium technological services at competitive prices
Creation of highly skilled, well-paid jobs
Dissemination of knowledge among stakeholders, youth and the general public
Strong international connections and partnerships, which contribute to the influence of Québec’s
expertise

Like Genome Canada, Genome Québec now intends to use a mission-based approach to funding by
identifying and focusing on those missions where genomics can produce tangible results and benefits,
while maintaining the lever effect of the dollar in Québec. This approach will be based on collaboration
and co-creation.
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2. Encourage public-private partnerships and multiply innovative solutions
Improving Québec’s economic performance requires, among other things, closer ties between industry
and academia. With this in mind, Génome Québec has set up initiatives to support alliances between the
public and private sectors. As a result, more than $87 million has been invested in Québec (with over
60% in non-health sectors) for applied research projects conducted as public-private partnerships
involving a wide range of companies and organizations such as Agropur, Olymel and the Producteurs de
grains du Québec.
Many of these projects also involve partnerships with public end users (i.e. provincial and federal
departments), who are increasingly integrating genomics-based tools into their practices. These publicprivate alliances demonstrate the maturity of genomics technology and the willingness of users to speed
up its adoption.
By stepping up its partnership-building efforts, Génome Québec could make a significant contribution to
the development of innovation zones near major Québec research institutes, more specifically stimulating
the proliferation of patentable innovations.
At this point, we are able to demonstrate that by taking advantage of
Génome Québec's funding and making the most of R&D tax credits,
companies that invest in research in Québec have access to some of
the best support available in North America. For example, by
participating in genomics integration projects financed by Génome
Québec (Genomic Applications Partnership Program), companies
can multiply tenfold their initial investment in research, making this
one of North America’s most beneficial programs. Available funding
ranges from $300,000 to $6 million per project, with a significant lever effect, which aims to finance the
validation phase required to transfer research to the user organizations.
Stimulating private investments and sharing the risk: a lever effect to attract investments,
knowledge and competitiveness
To increase the competitiveness of Québec SMEs and attract new investment to the province, we have
introduced a springboard measure aimed at building new bridges between researchers and the private
sector. The funding available under the program ranges from $50,000 to $200,000. It is earmarked for
co-funding partnerships between academic researchers and users capable of implementing or
commercializing research results. The funds will be dedicated exclusively to the development of proofs
of concept, used to leverage subsequent funding. This approach reflects our commitment to supporting
key skills that will drive the growth of the genomics sector, strengthen dialogue with industry and propose
joint solutions to priority issues in Québec. The advantages for companies include improved processes,
cost savings and the development of new products and services – all achieved with a focus on
sustainable development.
We will capitalize on our previous experience in managing such programs and refocus them on specific
missions. The idea is to build targeted funding programs based on a collaborative mission-based
approach, with the ultimate goal of tackling Québec’s priorities and challenges as set out in Part 1 of this
brief.
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3. Technological self-sufficiency: A guarantee of success to meet tomorrow’s challenges and
create economic value
The development of new technologies and technology platforms will figure prominently in all prospective
missions. Platforms will provide the expertise and technology required to support the activities of a
mission, while new technologies and tools will play a key role in mission outcome. It will be necessary to
work closely with the stakeholders involved guaranteeing the support and competitiveness of the main
platforms.
The key driver of the genomics revolution is, of course, the drop in the cost of technology – especially
sequencing – over the past 12 years. The smaller price tag has facilitated access to the technology and
led to the explosive growth in data production. With such capacity, genomics has now reached a new
level of maturity, leading to the emergence of industries based on genomics knowledge.
Surprisingly, however, genomics is sometimes overlooked as a motor of economic development. Yet
other leaders – Cambridge (UK), Broad Institute (Boston), VIB (Belgium) and Cancéropôle Lyon
Auvergne Rhône-Alpes (France) – recognize the key role of genomics in this respect. These major
clusters have realized that cutting-edge research infrastructure is one of the most motivating and
attractive factors for the research community and for businesses. The facts speak for themselves since
these key players which are organized around genomics expertise are now surrounded by private startups – both small and medium. In addition, these infrastructures create high-level jobs, generate significant
economic activity and help their researchers to remain competitive in global markets.
According to a 2019 report from Roots Analysis, human genomic sequencing has led to the stellar
increase in clinical research initiatives. At the time of its publication, more than 2,600 ongoing clinical
studies worldwide were using sequencing data (30% in drug development, 30% in diagnostics, 15% in
behavioural studies, 10% in microbiome and 5% in genealogy studies). In addition, 36% of the studies
were in oncology, 10% in neurological diseases, 10% in gastrointestinal disorders and just under 10% in
infectious diseases.
Since 2015, nearly 50 public human genome sequencing initiatives have been funded (UK, US, China,
Kuwait, Iceland, Qatar, Estonia, Denmark, etc.) and 70 others by private companies, the most active
being Roche, Pfizer, Johnson & Johnson and Amgen.
Over the next 10 years, the next generation sequencing market will be marked by new technological
innovations in response to increased demand for high-quality clinical research data at an ever lower price.
The overall market for service providers is expected to grow by 18% annually by 2030.
More than half (56%) of the services market will focus on drug development and precision medicine.
Academic research institutes will account for 45% of the user market for next generation sequencing
technologies.
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Québec has the tools it needs to come out on top
Québec has the required infrastructure and know-how to support high-level research and be
technologically self-sufficient in terms of diagnostic tests, sequencing, analyses, etc. Génome Québec
has its Centre d’expertise et de services and its biobank in Saguenay-Lac-Saint-Jean, making it the
largest supplier of integrated technology-based genomics services in Canada. With its team of 40 highly
skilled employees, it does business with global clients from academia and industry, generating $15 million
per year.

Centre d’expertise et de services Génome Québec and Centre québécois de données génomiques
The Centre d’expertise et de services (CES) Génome Québec was set up in 2002 to provide the scientific
community with premium quality genomics services to support research in human health, agrifood,
forestry and the environment. Now located at CHU Sainte-Justine since December 2019, the CES is an
invaluable source of expertise and technology available to the academic and industrial communities in
Canada and around the world. The major pan-Canadian projects conducted within its walls over the past
10 years and its annual growth in the number of users demonstrate to public funders, collaborators and
users Génome Québec’s capacity to provide relevant data of exceptional quality.
In partnership with the Centre québécois de données génomiques, the CES has plans to develop
expertise in the bioinformatics analysis of human genomic data.
The CES is also exploring the possibility of a second partnership with Université Laval for a centre for the
exploitation of non-human genomic data, GenoVal-IA. This would create value by building on the synergy
between artificial intelligence and genomic data in areas other than health.
Digital shift to support agriculture, forestry and the environment
The situation of non-health metadata is very different, whether in terms of geolocation, various sensors,
climate data, etc. At the moment, the field is facing many challenges including fragmentation in silos, lack
of tools and expertise to analyze and interpret data, not to mention the lack of standardization in data
collection and in high-level computation capacity.
Should the Québec government wish to make a digital shift in sectors such as agriculture, forestry and
the environment, Génome Québec suggests launching the first centre for the production, processing and
exploitation of non-health genomic data that would be strictly managed according to FAIR principles
(Findability, Accessibility, Interoperability and Reuse). This centre would complement and enhance the
CES service offering.
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At this stage, genomics is still considered a disruptive technology, but it is becoming more democratic
and better defined. The idea that it has grown more mature means that we can now standardize many
practices in order to ensure – even guarantee – services of premium quality. Québec can count on the
CES to produce high-value genomic data, ensure scientific and economic competitiveness, create wealth
and aspire to improve the well-being of the entire community. The CES has carved out an enviable place
for itself in Québec and Canada. All the essential factors are in place to reach even greater heights by
supporting the “missions” proposed to tackle the major challenges of tomorrow.
Accelerate the integration of these technologies into the Québec economy
It would be entirely feasible to implement a platform that would serve as an interface between technology
producers and user communities. It would be a space of convergence and infrastructures that would bring
together highly specialized experts working to produce and exploit genomic data. Ultimately, this space
would promote the launch and growth of private companies, create high-level jobs and generate value
from genomic discoveries. This concept could well be integrated into the innovation zones proposed by
the Québec government or implemented as a complementary feature. There are currently two similar
successful ecosystem models dedicated to supporting genomics start-ups; one is in San Francisco
(United States), the other in Cambridge (United Kingdom). These initiatives are supported by the Illumina
Accelerator program. The Génome Québec CES is already one of the two largest Canadian partner
clients of Illumina – but number one if we are talking about genomics, all sectors combined (health,
agrifood, forestry and the environment).
Génome Québec and CIUSSS du Saguenay-Lac-Saint-Jean Biobank
Since June 2020, the Génome Québec and CIUSSS du Saguenay-Lac-Saint-Jean Biobank has been
storing almost all (240,000) samples positive for COVID-19 collected in the 80 screening centres across
Québec. In January 2021, the Québec government and the Institut national de santé publique du Québec
launched an initiative that involved sequencing 10% of the viral samples in order to better track the
evolution of the pandemic, more specifically the emergence and epidemiology of the British, South
African, Brazilian and Indian variants of the virus. The Biobank and the CES are at the forefront of this
initiative and continue to store the virus (for future research projects) and sequence tens of thousands of
them in the coming year. Its agility and that of its staff is how Génome Québec can continue to support
the Québec government and public health authorities in their efforts to understand and fight COVID-19.
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4. Alignment of AI and genomics: A prerequisite to an innovation-based economy
In addition to a critical mass of genomics expertise, Québec also has major assets in artificial intelligence
and a unique position as a hub of excellence in this field. The convergence of these two worlds will
provide Québec with everything it needs to build a powerful sector that can serve as a magnet for talent
and foreign investments, fuel the pipeline of discoveries and tools to support decision making in the
healthcare network and eventually in agrifood, the environment and other key sectors.
Québec can rightly boast of its impressive
competitive strength in artificial intelligence. This
niche of excellence is recognized by the scientific
community,
innovation
ecosystem,
major
international players and governments. Less is said
of our imposing competitive edge in genomics,
though the coming together of these two worlds
could well be the driving force behind the next wave
of progress in biology and deep learning alike.
The discovery and development of new drugs
usually take more than 10 years and cost an average
of almost one billion dollars. Only 6% of the drugs
developed make it to market. The use of AI combined with a detailed understanding of biological
processes of diseases has the potential to increase the success rate in order to fight future pandemics
or stop incurable diseases.
In addition, by linking deep learning algorithms and powerful imaging and sequencing tools, experts hope
to make strides in our understanding, diagnoses and therapeutics, while simultaneously making progress
in AI as well.
For example, researchers have recently reported using a new technique to determine gene expression
in individual cells and the way in which these cells interact in patients who have died from Alzheimer’s.
The new approach is promoting a better understanding of this neurocognitive disease which is currently
affecting more than 500,000 Canadians.
Deep learning algorithms can also be used to compare gene expression in cells infected with
SARS-CoV-2 versus cells treated with thousands of different drugs, in an attempt to computationally
predict which drugs will best inhibit the virus.
The synergy between these two major hubs of excellence will make it possible to extract useful
information from all this data. This, in turn, will speed up the development of marketable products and
find new solutions to the challenges of our modern societies, such as the cancer epidemic expected over
the next 10 to 20 years or the issues associated with climate change. Bringing together these two
transformational technologies is a powerful lever for economic development and global competitiveness.

Génome Québec Brief – Québec Research and Innovation Strategy - May 2021

32

How to fully capitalize on the alignment of AI and genomics?
We will need a new set of rules, since this bright future depends on the ability to organize, analyze and
interpret data. The benefits of genomics in human health, for example, will only be possible if we can
combine genomics data with clinical data in a single system. This remains a sizeable challenge,
especially since the issue of access to patient medical data remains unresolved at this time.
To make the most of the potential synergy between AI and genomics, we will need to create a harmonized
network of genomic databases accessible to researchers. We would like to propose that a neutral entity,
such as the Centre québécois de données génomiques (CQDG), be tasked with developing a series of
format harmonization and standardization tools. The idea is to support interoperability and federated
cross-platform sharing.
The task would be to:
•
•
•
•
•

Create a secure bioinformatics platform to host clinical genomic data produced in Québec
Harmonize these clinical data with research data
Encourage the submission of research data
Provide the research community with secure access to these data
Increase Québec’s competitiveness in genomics and become a leader in genomic data sharing

The CQDG will help to boost the competitiveness of Québec researchers, increase private sector
investments, attract new talent and ultimately improve the quality of patient care.
Over the past year, Génome Québec has invested $1.25 million to lay the groundwork for the CQDG. It
will also provide $4.2 million in funding to sequence and genotype the samples from CARTaGENE. The
goal is two-fold: first, to exploit this unique population biobank and second to supply the centre with
genomic data. This injection of funds by Génome Québec attracted additional funding. More specifically,
the CQDG received $7.5 million from the Canada Foundation for Innovation in 2020, proof of the level of
competitiveness of existing expertise.
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5. Accelerate business growth and stimulate markets: The UK model
To bridge the distance between research and industry, we recommend the possibility of setting up a
network, similar to the Catapult Network launched in the UK. Catapults are physical centres with cuttingedge R&D infrastructures including hubs, laboratories, testbeds, factories, and offices, as well as
technical experts that develop and adopt breakthrough products, processes, services and technologies.
The Catapult Network works with thousands of innovative businesses across many sectors, such as
manufacturing, space, health, digital, energy, transportation, telecommunications and the urban
environment, to name just a few. The best UK businesses, scientists, technical specialists and engineers
work together on late-stage research and development, helping industry take their high-potential ideas
to market, fuelling business growth and increasing productivity.
By drawing inspiration from this model, Québec would have at its disposal the means to tackle the
greatest challenges faced by society and industry, as they relate to climate change, sustainable
development, pathogen control, cancer, rare diseases and a circular economy. This network would
capitalize on knowledge, infrastructures and collaborations to make existing industries more productive
and create the markets of the future.
The advantage of this approach is that first-rate centres could be established in different areas across
the province. This would help leverage the capacity for innovation in our various niches of excellence, in
addition to creating high-level jobs in the regions.
Example: Cell and gene therapy hub
The Cell and Gene Therapy Catapult accelerates the translation of early stage research into commercially
viable and mature therapies to attract investments by helping businesses start, grow and confidently
develop advanced therapies, delivering them to patients rapidly and efficiently. Its goal is to make the UK
a global leader in the development, delivery and commercialization of cell and gene therapies.
To do this, the Catapult provides access to infrastructures and to a team of specialists across the cell and
gene therapy life cycle. The specialists then work with researchers or industry to achieve the best results.
Their support helps to accelerate projects and leads to cell and gene therapies that are safer,
more effective, scalable, and affordable.
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6. Social acceptability: Integrating innovation requires public trust
Since the start of the COVID-19 pandemic, all eyes
around the world have turned to science. Research
has never had so much media attention – with all the
advantages and disadvantages that this entails.
Everyone has an opinion on the matter, but what is it
based on and what sources justify it?
We are living in an era of conspiracy theorists and
cyberactivists, in a world where people no longer
believe anything is true, but that everything is possible.
On the other side of the fence, we find the silent
majority, who, trusting the experts, rarely speak up. There is a massive amount of information freely
flowing and people seem to be left to their own devices to separate the wheat from the chaff. This is why
we need to develop information resources that are reliable, objective and user friendly. Québec is looking
to innovation to boost its economy; it’s an ambitious dream, but one that is perfectly suited to our modern
society. However, the success of the shift to an innovation-based society, which makes the most of its
own innovations, inevitably depends on public trust and confidence. Often left on the back burner, public
acceptability must be a top consideration and an integral part of the innovation chain.
Genomics is here to stay and the public needs our help to understand it. Genomics means precision
medicine, artificial intelligence, precision agriculture, precision selection, access and sharing of health
data, consent, etc. When we talk about genomics, we are referring to a new way of doing things, and
change inevitably generates resistance.
At this time, the level of understanding and acceptance of the social and economic spinoffs of genomics
remains very mixed. Unsurprisingly, there is a great deal of enthusiasm among those already in the know
when it comes to the many health, nutritional, environmental and economic benefits that researchers
anticipate. However, we are also consistently facing groups that are poorly informed, often sceptical and
reluctant to embrace new technologies.
It is not a stretch to say that the success of the shift towards an innovative society will largely depend on
public trust. The Québec government's vision on innovation must take into account the significant
challenge posed by social acceptability. In many ways, people need to be properly informed so they can
understand issues such as the privacy of their health data or whether AI can go too far. They need
answers to questions such as: Can an RNA vaccine really change a person’s genes? Is better selection
of plants or trees a form of genetic modification?
In short, a great deal of work still needs to be done. But the good news is that we already have in Québec
organizations with knowledge and expertise and whose mission includes education and training. Why not
task them with supporting the government in this transition?
Génome Québec has already developed several tools and initiatives to lay the groundwork for a broader
citizen education initiative on genomics-related issues. The resources are in place and we are certainly
capable of playing a meaningful role in a wider public education strategy, as do National Institutes of
Health in the United States and the National Health Service in the United Kingdom.
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CONCLUSION
This brief was developed to align with the objectives in the call for briefs issued by the ministère de
l’Économie et de l’Innovation. Génome Québec's business model is unique in many respects, such as its
ability to leverage the dollar in Québec and its multi-sectoral and multidisciplinary expertise involving a
disruptive technology with a promising future. Progress in genomics continues to accelerate, leading to
high-impact solutions. For 21 years now, the Québec government has renewed its confidence in Génome
Québec, helping it to become one of Québec's flagship institutions. This brief reflects our vision for the
next 20 years.
A new era is taking shape – the bio revolution is coming. As with all periods of economic and technological
upheaval, it is a time of great opportunity, but also of considerable uncertainty. Québec must decide now
whether it wants to jump on the bandwagon. If so, this will need to be reflected in the next
Stratégie québécoise de la recherche et de l’innovation.
Bioinnovation is the future, and this brief is meant to show you why. If Québec truly wishes to be a
knowledge-based economy in order to solve some of modern society’s most pressing issues, then without
a doubt this constitutes an innovative, forward-looking and visionary option. Génome Québec is the right
organization to chart this new course.
Québec has difficulty making choices. This time, however, a decision must be made. Do we want to make
the most of the assets accumulated in the past two decades and secure our position among the leaders
of the coming economic revolution focused on biology? If so, we will need a stratégie québécoise de la
génomique.
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