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Executive Summary
Engineering biology tools and technologies are disrupting global markets and 
creating incredible opportunities for the most innovative organizations. Leading G20 
jurisdictions including the US, UK, Australia, and China, as well as Singapore, are 
investing greatly in the development of engineering biology and are reaping benefits 
both economically and in the fight against COVID-19. 

Now is the time for Canada to leverage its tremendous advantage and capacity to 
cement its leadership and collaborate across sectors, to bring together genomics and 
molecular biosciences with engineering, automation, miniaturization, and artificial 
intelligence and the application of engineering principles to biological systems. Canada 
must take advantage of its existing strengths by building state-of-the-art and robust 
engineering biology capacity to ensure that we can export our products to the world 
and decrease our reliance on imports.

Using engineering biology as a technology platform, Canada can capitalize on existing 
industry capacity, align academic expertise, and lead in the following three “vertical 
pillars”:

1. Low-carbon manufacturing: Expanding engineering biology applications in low-
carbon industrial biotechnology will rejuvenate industries and protect jobs, “green” 
the economy by reducing GHG emissions and waste, move us towards carbon 
neutrality, all while growing Canadian global competitiveness in this important 
export sector. Priority Opportunity: Circular Bioeconomy for Biomaterials and 
Minerals.

2. Food security: Expanding Canada’s status as agricultural innovators and one 
of the leading exporters of sustainable agricultural and agri-food products and 
strengthening our leadership in plant-based and alternative proteins through 
engineering biology technology. Priority Opportunity: Protein Biomanufacturing.

3. Advanced Engineering Health Technologies: Expanding Canada’s expertise in 
developing and manufacturing advanced diagnostics, vaccines, and biologics will 
help revitalize Canada’s life sciences industry and make healthcare more effective 
while fighting the current pandemic, fueling economic recovery, and preparing for 
future disease outbreaks. Priority Opportunity: Advanced Biologics.  

Canada already has the fundamental elements necessary to create a world-leading 
engineering biology ecosystem – with renowned academics and innovative companies 
and development of biofoundry infrastructure for research, testing, and scale-up. 
However, the organization of a coherent network is lacking, and the fragmented 
approach taken so far has hindered the realization of Canada’s full potential in this 
field. We need to build a cohesive and fully integrated network that encompasses 
the Canadian engineering biology community to facilitate the discovery-to-
commercialization pipeline across sectors, the creation of innovative start-ups, the 
renewal of traditional industries, and the development of talent and skills required for 
the biomanufacturing jobs of the future. 



We are calling for the following actions:

1. Funding an inclusive engineering biology innovation ecosystem in partnership 
with industry that leverages current and future Canadian capacities across 
industry, academia, and government towards accelerated product development. 

2. Building on recent investments in vaccine development and manufacturing to 
include multi-functional biofoundries and scale-up facilities in strategic geographic 
areas; 

3. Creating legal, ethical, and regulatory conditions that enable the rapid and safe 
approval of innovative technologies; 

4. Supporting outreach and community engagement for consumer trust and 
accelerated adoption of new technologies; 

5. Developing talent and skills that prepare the Canadian workforce for the future 
biomanufacturing economy; and 

6. Seizing the opportunity for collaboration and partnership across funders and 
organizations both nationally and internationally.

The full integration of engineering biology into Canada’s economy necessitates a truly 
national, inclusive, and cooperative strategy and action plan. By building biological 
systems to meet Canada’s needs and by helping our largest industry sectors innovate 
and transition, we will create a stronger and greener Canadian economy. Can-DESyNe, 
Canada’s engineering biology network, was conceptualized and built to do just that 
by connecting the right players together to solve big problems. While focusing on 
opportunities in verticals where Canada can lead, the network facilitates horizontal 
sector integration of engineering biology technologies providing impetus and 
opportunities for  industries to work together. By doing so, common supply chains and 
research facilities can lead to more value creation across industries without the need 
for sector-specific infrastructure and highly qualified personnel (HQP) will be able to 
move readily between industries. With this network, Canada will be better positioned 
to drive biomanufacturing-fueled pandemic and economic recovery and nurture the 
existing seeds of engineering biology while creating a forward-looking, sustainable bio-
based economic future for Canadians.
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Engineering Biology: A Platform 
Technology to Fuel Multi-Sector 
Economic Recovery and Modernize 
Biomanufacturing in Canada

Background: What is Engineering Biology and the Purpose of This 
White Paper
The global “bio-revolution” is accelerating, promising to create US$2-$4 trillion in 
global value between 2030 and 20401. This is an exciting and necessary opportunity to 
help Canada emerge from the COVID-19 pandemic stronger than ever. The underlying 
technology, engineering (or synthetic) biology, is a convergence of genomics 
and molecular biosciences with computing, automation, miniaturization, artificial 
intelligence (AI), and the application of engineering principles to biological systems. 
Engineering biology is a platform technology that offers innovative approaches for 
building new biological systems or redesigning existing ones for useful, value-added 
purposes. In essence, it uses living things “to make useful stuff.” Engineering biology 
tools and technologies have broad applications benefiting nearly all sectors of the 
economy, including health (e.g. vaccines, diagnostics, engineered antibodies, and cell 
therapies), chemical manufacturing, energy production, materials (e.g. textiles and 
bioplastics), and agriculture/agri-food (e.g. crop production, livestock, fermentation, 
and cellular agriculture)1. In recent years, two key developments have enabled the 
engineering biology field to accelerate and become established:

1. The use of automation and machine learning via the design-build-test-learn loop
2. Increased affordability of reading and writing DNA

There are additional green credentials of engineering biology, with new and 
environmentally sustainable technologies displacing traditional practices that deplete 
natural resources, remove and/or contaminate land and water, and release greenhouse 
gases.

Engineering biology unlocks the potential of living systems to revolutionize 
biomanufacturing capacity, the creation or alteration of commercially important 
products through biological processes. Traditionally, we have been limited to 
discovering and optimizing existing cellular processes to fit a particular need. For 
example, the discovery that one of the Penicillium mould’s secondary metabolites 
could be used as an antibiotic led to the optimization of strain selection, culture 
conditions, and fermentation methods to increase production viability. However, 
optimizing these processes is time-consuming and expensive. Now, with our ability 
to read and write DNA directly, we can design and test biological systems in silico, 
reducing the time and cost of optimization and limiting failed pilot projects. Organisms 
can be built to be flexible (with varied inputs and outputs), efficient, and sustainable. 
We can now build cellular pathways that do not exist in nature by combining enzymes 
in novel ways. The possibilities of this technology are boundless, with the potential to 
replace traditional manufacturing and biomanufacturing techniques to create more 
efficient, environmentally friendly, and economically viable industries across the globe.
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Solid engineering biology groundwork has been established elsewhere. Leading G20 
jurisdictions, including the US2, UK3, Australia4 and China5, as well as Singapore6, have 
already invested significantly to prioritize engineering biology and the bioeconomy. 
Furthermore, the OECD has advocated for developing global collaborations among 
engineering biology practitioners7. While McKinsey Global Institute forecasts 
economic gains in the trillions, it notes that global investment in this new generation 
of biological technologies already surged to more than $20 billion in 2018 - far more 
than investment in other leading-edge technologies such as quantum computing 
and AI1. These investments in biological technologies will create future products that 
will undercut current Canadian industries. In comparison, Canada has a nascent and 
growing engineering biology community that includes academic researchers and 
institutions, large infrastructure facilities (biofoundries), start-ups, and established 
companies poised to benefit from the technology. Now is the time for Canada to 
invest, not only to catch up with other jurisdictions, but to ensure that we can 
continue to export our products to the world and decrease our reliance on imports. 
Putting real weight behind a concerted effort that brings together industry, 
government, researchers, regulators, ethicists, and the public to recognize and act 
upon the transformative power of genomics and engineering biology is essential 
for Canada’s future. Canada has the advantage of building on early technological 
advances already made in other jurisdictions without the need for high-risk 
experimentation.

The global spread of COVID-19 in early 2020 quickly led the World Health Organization 
to declare a pandemic on March 11, 2020. The public health measures that have 
been necessary to limit the spread of the virus have negatively impacted economies 
worldwide and demonstrated the global supply chains’ fragility. As a result, many 
traditional economic sectors have seen a decline in investment. In contrast, the 
engineering biology economy continues to grow globally, with US$3 billion invested 
into engineering biology start-ups in the first half of 2020, surpassing investments in 
the same period of 2019 by over 50%. Similarly, publicly traded engineering biology 
companies demonstrated overall increased investment and outperformed the general 
market8. Engineering biology companies across sectors have seen considerable 
investment:
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Box 1. Canada’s Response to COVID-19
Surveillance. When COVID-19 began to spread in Canada, 
the government very quickly recognized the need for a 
robust viral surveillance apparatus in order to keep the 
pandemic contained. To this end, the Canadian COVID-19 
Genomics Network (CanCOGeN) was formed, led by 
Genome Canada with the mandate to use viral and host 
sequencing to inform public health and improve patient 
outcomes as the pandemic continues. A similar Ontario-
specific project is the Ontario COVID-19 Genomics 
Coalition (ONCoV). These initiatives aim to add sequencing 
capacity to public health and provide real-time data related 
to viral transmission and mutation, as well as genetic 
components to patient responses to the virus. Without 
previous investment in key laboratories, these efforts would 
be impossible to complete within useful timelines.

Diagnostics. Even before viral samples can be tested, we 
must find them and isolate them from the population at-
large, which is where accurate and rapid diagnostic tests 

along with strong policy come into play. Canada should be 
commended for realizing such a strategy of high-capacity 
testing, contact tracing, and isolation of positive individuals. 
This was the most effective way to manage an emerging 
viral pandemic. However, despite best efforts, our capacity 
to handle the load of viral testing and contact tracing is 
insufficient. Incentives for development and regulatory 
approval of made-in-Canada alternative, rapid diagnostics 
must be a priority going forward.

Vaccines. The Canadian Government also mobilized 
vaccine production facilities and provided funding to 
shore up national capacity (e.g. VIDO-InterVac at the 
University of Saskatchewan and the NRC Human Health 
Therapeutics Centre in Montréal, QC)32 and built pan-
Canadian collaborations to advance research on vaccines 
for COVID-1933. Incentives that strengthen the incorporation 
of engineering biology principles into made-in-Canada 
vaccines ensures that we will be even better equipped in the 
future.

During the pandemic, Canada has made significant investments in critical areas of 
science and technology [Box 1], creating a solid base that needs to be leveraged for 
Canada’s recovery, for example, to build capacity in vaccine production, therapeutics, 
and manufacturing. As Canada looks to advance a strong economic recovery plan, 
it must build on existing engineering biology capacity while supporting globally 
competitive technology development and commercialization of applied research.
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For the past 20 years, federal and provincial governments have invested in genomics 
research and innovation through Genome Canada, Ontario Genomics and five other 
provincial Genome Centers, collectively known as the Canadian Genomics Enterprise. 
Together with support from other provincial, federal and international funding partners, 
these investments have laid the critical groundwork for engineering biology. These 
past investments have positioned us for scientific and technical leadership by creating 
the fundamental elements necessary to create a world-leading engineering biology 
ecosystem – with renowned academics and innovative companies and development of 
biofoundry infrastructure for research, testing, and scale-up. However, the organization 
of a coherent network is lacking, and the fragmented approach taken so far has 
hindered the realization of Canada’s potential in this field. We need to build a cohesive 
network that cements our leadership, builds on past investments and encompasses 
the entire Canadian engineering biology community to facilitate company growth, 
innovation and the discovery-to-commercialization pipeline. 

The National Engineering Biology Steering Committee was established in 2019 
to address this growing need to prioritize engineering biology-enabled economic 
development in Canada. The Steering Committee is made up of a diverse and 
nationwide group of leading academics and industry stakeholders and includes 
representation from the National Research Council9. The purpose of this Steering 
Committee is to develop a national engineering biology roadmap to inform policy 
development, prioritize investment areas, and support coordinated funding 
for engineering biology. An early output of this group has been the creation of 
Can-DESyNe, the Canadian DNA Engineering Systems Network.

Can-DESyNe is a national engineering biology network of almost 90 small and large 
companies, academia, institutions, associations, and government partners working 
towards applying bio-design and biotechnology processes to health, agriculture, food 
and industrial products sectors. Can-DESyNe provides a launchpad for Canada’s 
sustainable economic recovery as an integral driver of the global bio-revolution 
by leading public-private partnerships that support Canadian biotechnology 
and biomanufacturing jobs and economic growth. With the appropriate follow-
on funding and support that builds on past investments, Can-DESyNe is ready to 
reinforce Canada’s leadership role in ensuring homegrown engineering biology-based 
technologies and industries can drive economic recovery, modernize and “green” 
traditional sectors, increase capacity for self-sufficiency, and prepare our healthcare 
system for future pandemics.

With changing global market, the adaptation and strong performance of global 
engineering biology companies, the application of engineering biology tools and 
technologies across sectors, and the strength of Canada’s engineering biology 
community, Canada must act now to build robust engineering biology capacity to 
establish our place in this global bio-revolution.
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Engineering Biology in Canada’s Keystone Sectors
Industries in which Canada has traditionally been a leader continue to be hit hard 
by pandemic-related lockdowns and re-opening limitations. In many cases, these 
industries were struggling before the pandemic. Rapidly shifting consumer priorities, 
the accelerating climate crisis, and the growth of direct-to-consumer and ‘gig 
economy’ industries have disrupted industries that are slow to adapt and modernize. 
Using engineering biology as a technology platform, Canada can capitalize on existing 
industry capacity, align academic expertise and lead in the following three “vertical 
pillars”:
1. Low-carbon manufacturing;
2. Food security; and
3. Advanced health technologies.
Canada has key advantages that strengthen our leadership potential in these pillars: 
abundant raw materials, access to terrestrial, freshwater and maritime ecosystems, 
and distributed manufacturing systems for a distributed population. By applying 
engineering biology principles, it is possible to leverage the enduring strength of 
established Canadian industries to contribute to a revitalized, sustainable, integrated, 
and flexible economy that will expand Canada’s position as a net exporter of goods, 
reduce reliance on global supply chains, create and retain Canadian intellectual 
property, and bolster future economic growth.

Low-Carbon Manufacturing Through Industrial Biotechnology
Industrial biotechnology can be broadly defined as the application of biotechnology 
processes to manufacture products such as fuels, chemicals, textiles, and novel 
compounds. Traditional fuel extraction and processing and materials manufacturing 
industries are major sources of industrial greenhouse gas emissions due to reliance 
on fossil fuels, both as energy input and as a feedstock. Therefore, they face urgent 
corporate, consumer, and government demands for improved sustainability.

Engineering biology technologies offer new low-carbon manufacturing opportunities 
that can convert sustainable, bio-based materials into a wide array of products, such 
as bio-fuels, compostable plastic, bio-silk, and food flavourings. Manufacturers can 
achieve this without sacrificing product performance or cost and by taking advantage 
of significant existing capital investments. Engineering biology can build upon and 
revitalize declining traditional industries, such as the pulp and paper industry. Where 
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Food Security by Leveraging Agriculture and Agri-food
Globally, 1 in 4 people is food insecure10. In Canada, 1 in 8 (or 4.4 million) people 
reported food insecurity in 2017-1811. With the world’s population growing12, expected 
to reach 9.7 billion in 2050 and to peak at nearly 11 billion around 2100, there is a need 
and opportunity to sustainably increase food production. This issue can be addressed 
by accelerating the integration of engineering biology technologies into Canada’s 
agri-food and agriculture sectors in Canada.

In 2018, the federal government established Economic Strategy Tables to advise the 
government on ways to turn Canada’s economic strengths into a global advantage. 
The Economic Strategy Table on Agri-Food13, a joint industry-government panel of 
experts, recommended that Canada establish “a leading digital and technology-
based supply chain and stand out as the world’s favoured protein provider.”14 Due to 
the environmental impact, GHG emissions, water usage, and land requirements of 
the livestock industry, meeting global protein demands cannot come from livestock 
alone. Protein Industries Canada (PIC), a federally funded supercluster, applies plant 
genomics and novel processing technologies to enhance plant-derived protein 
production and value. Enhancing PIC’s work by leveraging engineering biology 
technologies to develop and produce alternative and complementary sources of 
protein and ingredients through biomanufacturing, can help to address global food 
shortages and malnutrition. A breakthrough global achievement is the ImpossibleTM 
Burger made by US-based Impossible Foods, which is sold by major fast-food 
chains and is now on the market in Canada. This plant-derived burger mimics the 
characteristics of a meat-based burger due to the addition of heme, produced 
by fermentation of yeast containing the soy plant’s heme gene15. An alternative 
engineering biology solution comes via cellular agriculture, by growing animal 
products from culture and through fermentation, rather than from animals.

This approach is not brand new. In fact, inserting specific genes into yeast or microbes 
and scaling up these “mini-factories” of proteins through fermentation is an established 
approach applied in numerous ways, notably to produce insulin for diabetics and 

Expanding engineering biology applications in low-carbon industrial biotechnology 
would rejuvenate industries and protect jobs, “green” the economy by reducing GHG 
emissions and waste, move us towards carbon neutrality, all while growing Canadian 
global competitiveness in this important export sector.

previously we could use technologies like metabolic engineering to better break down 
potentially harmful waste products into low-value, underutilized feedstocks and co-
products, such as lignin and hemicellulose, we can now convert these into valuable 
products, allowing for the re-purposing of existing mills and factories. For example, 
Fortress Global Enterprises, a British Columbia-based biotech company, is converting 
hemicellulose into xylitol, a high-value, low-calorie sweetener.

In Canada, the low-carbon industrial biotechnology pillar has advanced the most in 
terms of engineering biology applications. There are a number of Canadian companies 
and researchers operating in this space, including Mara Renewables (essential fatty 
acids from algae), Ardra (food flavourings from yeast fermentation), Fortress Advanced 
Bioproducts (hemicellulose-derived bioproducts), and FREDSense (bacterial bio-
sensors).
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rennet enzymes for cheese making. Meat and other animal products, such as milk, 
egg proteins, vanilla, and honey, can be produced this way. The same is true for novel 
ingredients that improve flavour, texture, or the nutritional or allergenic profile of foods 
(e.g. non-allergenic gluten, peanut butter, etc.). A well-known example is Perfect Day, 
a US-based company that recently launched the first-ever animal-free dairy ice cream 
in California by designing yeast to produce dairy proteins found in cow’s milk. This is 
an area of growing interest in Canada, with increased advocacy and resources being 
dedicated to advance this work. In particular, US/Canada-based New Harvest funds 
and conducts open, public, collaborative research in cellular agriculture, while Cellular 
Agriculture Canada focuses on increasing public awareness and advocating for fair 
policies to help support and promote the growth of the industry.

Canada has been a leader in developing and improving agricultural technologies, and 
today is the fifth largest exporter of agricultural and agri-food products in the world. 
However, we are now entering the ‘fourth agricultural revolution’16, wherein agricultural 
and food production will rely more predominantly on emerging technologies like AI, 
robotics, automation, gene editing, as well as cellular agriculture and sustainable food 
production. Investments in engineering biology applied to food production will allow 
us to reinforce our status as agricultural innovators and one of the leading exporters 
of agricultural and agri-food products, in alignment with the export goals detailed by 
the Barton Report17. This would require focused investment in this nascent industry. In 
addition to funding for public research and start-ups, cellular agriculture will benefit 
greatly from pre-emptive consideration of policy and regulations to break down 
barriers to commercialization. This should include thorough analyses of and action 
plans related to market and consumer acceptance, building infrastructure to increase 
fermentation and scale-up capacity, training workers and highly qualified personnel 
(HQP), educating decision-makers and regulators, and reducing red tape.

Advanced Health Technologies to Revolutionize Health
Engineering biology is already revolutionizing healthcare, from diagnostics to 
therapeutics to vaccines. The social barriers (e.g. consumer acceptance) that have 
hampered science-based innovations in the agricultural sector can be more easily 
avoided in medicine, where interventions can be directly lifesaving. The flexibility of the 
engineering biology platform will allow for therapies that can be tailored to individual 
patients for greater specificity and efficacy while reducing side effects and disease 
recurrence. Advanced biologics and gene therapies hold great promise for treating 
cancer, inherited disorders, and other diseases with the potential for cures. However, 
this does not come without challenges. The changing paradigm from traditional, 
comparatively cheaper, small molecule pharmaceuticals to living cell-based and gene 
technologies puts financial pressures on both the Canadian healthcare system and 
the industry. Moreover, traditional pharmaceutical manufacturing relies on synthetic 
chemistry, which is associated with a non-negligible ecological footprint related to 
discharge into water, not only of active pharmaceuticals, but also heavy metals and 
industrial solvents. Engineering biology, together with a forward-looking regulatory 
environment, enables the industry to move towards more sustainable approaches.

Canada has nationwide strengths in this area due to targeted investments from 
the federal government in initiatives such as the Stem Cell Network18, BioCanRx19, 
Medicine by Design20, the Centre for Commercialization of Regenerative Medicine 
(CCRM21), and the National Research Council (NRC). By coalescing this expertise with 
other Canadian partners, such as Bluerock Therapeutics22, the BC Cancer Agency, 
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Expanding Canada’s expertise in developing and manufacturing advanced 
diagnostics, vaccines, and biologics will help grow Canada’s life sciences industry 
and make healthcare more effective while fighting the current pandemic, fueling 
economic recovery, and preparing for future disease outbreaks.

COVID-19 & Future Pandemic Preparedness
As global climate change accelerates, causing animals and humans to live in closer 
contact due to reduced green space, the risk of future pandemics will increase23. The 
next pandemic could take on many forms – another novel virus, drug-resistant strains 
of bacteria, or pandemic strains affecting food or livestock. We must be prepared for 
these possibilities. Engineering biology has the potential to revolutionize how we 
prepare for and deal with future pandemics, regardless of the root cause. This potential 
goes well beyond the development of treatments and vaccines to include supply 
chain management, manufacturing important diagnostic ingredients, and delivery of 
therapeutics directly to at-risk populations.

The current COVID-19 pandemic has highlighted the key role that genomics 
and engineering biology play in combatting infectious diseases. Genomics and 
engineering biology approaches created a much faster path from pathogen 
identification to mobilization of diagnostics and therapeutics than ever before. These 
technologies include CRISPR-based diagnostics, advanced biologics and mRNA 
vaccines that can be developed and tested much more quickly using the genomic 
sequence of a pathogen24. Rapid antibody and mRNA production techniques are 
allowing researchers and companies to build vast libraries of these molecules that 
can be screened against novel pathogens on demand, greatly accelerating the 
identification-to-vaccine pipeline. A similarly significant opportunity lies in cancer 
immunotherapy. Engineered cells targeted to seek and eliminate cancer are already 
commercially available (e.g. Kymriah and Yescarta), albeit at costs that are not yet 
sustainable. Engineering biology approaches to generate scalable and off-the-shelf 
immunotherapies are under development (for example, by Notch Therapeutics, Toronto 
and Vancouver) and represent significant health and economic opportunity for 
Canada.

Canadian companies and researchers have stepped up to meet the challenges 
presented by COVID-19. This includes a potential therapeutic antibody that targets the 
SARS-CoV-2 spike protein, developed by Vancouver-based Abcellera. With the support 
from the Canadian government, and at unprecedented speed, their antibody candidate 
was advanced in 90 days from initial screening to the first human clinical trial. This 
is also an excellent example of the Canadian Genome Enterprise supporting vital 
research in Canada. Abcellera received $3 million of funding from Genome Canada 
and Genome BC as part of the Genomic Applications Partnership Program (GAPP). 
Additionally, recent funding to the University of Western Ontario (UWO) supported 
the creation of a ‘vaccine bank’ for novel coronaviruses. These ground-breaking 
developments demonstrate the strength and potential of engineering biology and 
genomics in Canada.

and leading Canadian academics, we can accelerate Canada’s leadership position to 
contribute to the world’s advanced cell therapies with improved properties for ease 
of manufacturing (e.g. generic cell lines, automation) and applicability to multiple 
diseases.
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At the start of the current pandemic in Canada, supply chain disruption exposed 
the fragility of our globalized systems for procuring food, testing reagents, and, later, 
therapeutics and vaccines. Most enzyme-based reagents needed for tests came from 
outside of Canada, threatening our supply in times of increased demand. Furthermore, 
engineering biology products like vaccines are subject to critical time-gated supply 
chain issues (limited shelf-life, complex international policy, political and regulatory 
environments, etc). This means we need made-in-Canada solutions. Canada must 
build the capacity now to deal with future pandemics, ensuring we are prepared and 
have flexible domestic manufacturing that can quickly pivot to address shortages. This 
will not only allow us to be more prepared for the next pandemic but also contribute 
significantly to current economic development and future economic stability with the 
same investment. It is crucial that Canada invests in engineering biology platforms and 
infrastructure that can be pivoted to an emergency response when needed.

Engineering Biology - A Platform Technology
In addition to the application of engineering biology to each of the keystone sectors, 
the provision of engineering biology technologies offers a route to economic recovery 
and Canadian self-sustainability. The foundational engineering biology technologies, 
which are common to and span across all industrial sectors, are reading (sequencing), 
writing (synthesis), and editing DNA. Companies using engineering biology-enabled 
applications will need to partner with core engineering biology technology providers 
to get the essential building blocks for their particular requirements; this holds true 
for every industrial sector. While DNA sequencing is commonplace and there is 
substantial capacity across the country in this area, Canada’s capacity is limited 
for large-scale DNA synthesis and editing. For engineering biology to succeed 
as a platform technology in Canada, it is critical that large scale nucleic acid 
manufacturing facilities are established here. Other jurisdictions have paved the 
way for these technologies to be made available on a commercial scale, and Canada 
can build upon these approaches to ensure that these foundational technologies are 
offered within Canada more rapidly, more cost-effectively, and at better quality than 
those sourced elsewhere. As global awareness of Canada’s leadership in engineering 
biology grows, it is reasonable to foresee substantial international demand for these 
services as well.

While engineering biology core technologies will be the primary commercial aspect 
of nucleic acid synthesis facilities, there is also the opportunity for Canada to be at 
the leading edge of an emerging field: synthesized DNA as the data storage system 
of the future. Nucleic acid synthesis companies such as Twist Bioscience (US) and IT 
companies such as Microsoft are exploring this emerging technological advancement, 
and Canada can still enter as a frontrunner. Early entry into this market will mean a 
larger global market share as well as the ability to offer secure, Canadian data storage 
capabilities.

In addition to being a key component for the success of Canada’s bio-revolution and 
economic recovery, establishing large-scale nucleic acid manufacturing facilities 
in Canada will create high-quality jobs in areas such as manufacturing, research & 
development, programming, sales, and customer support.
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Sector Integration
As a platform technology, engineering biology applications are universal and are 
adaptable to almost any industry or sector. For example, industrial biotechnology 
and agri-food overlap with the production of food additives and ingredients that can 
be produced by engineered microorganisms. Bioplastics with advanced gas exchange 
properties will be welcomed by produce suppliers while simultaneously reducing our 
need for petroleum-based plastics. New DNA-based platforms for drug screening 
can be adapted to agriculture to find microbes that naturally protect crops from 
disease and predators. AI platforms built for diagnosis and treatment strategies in 
the health sector can be applied to chemical reaction optimization and crop disease 
identification. Horizontal sector integration of engineering biology technologies will be 
a major contributor to Canada’s new, knowledge-based economy, providing impetus 
and opportunities for these industries to work together. By doing so, common supply 
chains and research facilities can lead to more value creation across industries without 
the need for sector-specific infrastructure, and highly qualified personnel (HQP) will be 
able to move readily between industries.

The ability to go from research to commercialization rapidly will be an important factor 
in rebuilding and sustaining our economy in the future. Many of the technologies 
that make engineering biology possible are well-established, but scale-up will take 
significant time as well as public and private investment. Industry partners within 
Canada are committed to integrating these technologies into new and existing 
workflows and processes to take advantage of the latest science. However, as we will 
outline below, investments in infrastructure like biofoundries and biorefineries, training 
programs, and updated regulations will be necessary to ensure Canada is globally 
competitive.

Building for the Future (Sustainability)
The climate change crisis is one of the greatest threats to our current way of life. 
Our over-reliance on fossil fuels and associated global warming is destroying 
natural habitats, thereby decreasing biodiversity, increasing the incidence of 
damaging weather patterns, and threatening life on Earth. Engineering biology 
presents a multitude of ways in which we can create an economy based on green 
technologies, limit our use of fossil fuels, and move towards carbon-neutrality. For 
example, bioplastics – plastics generated from biomass – can replace traditional 
petroleum-based plastics; plant-stimulating, pest-deterring microbes can replace 

Engineering Biology: A Platform Technology to Fuel Multi-Sector Economic Recovery and Modernize Biomanufacturing in Canada 14



fertilizers; alternative proteins can enhance our food supply chain while reducing 
GHG emissions; biofuels can take the place of gasoline; a decentralized network of 
biomanufacturers can limit the need for extensive, plane-reliant supply chains; and 
expansive, energy-consuming server farms can be miniaturized using DNA to store 
information more efficiently than traditional computing.

Engineering biology applications also allow for the circularization of our economy, 
in which waste products and/or emissions from one industrial process become the 
inputs for the next generation of the same product or for a different product altogether. 
For example, organic waste products can be converted into biofuels using engineered 
microbes. Researchers at companies like IGPC, Fortress Advanced Bioproducts, 
and Greenfield Global, as well as institutions like the University of British Columbia, 
are active in developing such biorefineries. Numerous companies in Canada are 
also working toward more sustainable packaging through biomaterials, including 
Fairlife, Genecis Bioindustries, and Nova Chemicals. Many of these initiatives involve 
the breakdown of solid municipal waste and conversion to the building blocks of 
packing materials, contributing to the circular economy. Similar aspects of engineering 
biology are currently being researched to benefit the mining industry, with an eye to 
reduce the environmental impact of current mining techniques while also creating 
new revenue streams from waste products. This can even include the extraction of 
crucial minerals from the waste streams of traditional extraction techniques. There 
are additional opportunities in the agri-food value chain, including the upcycling of 
lactose from the dairy industry, a low-value product, into value-added ingredients like 
fumaric acid. A circular economy results in drastically reduced waste and consumption 
of limited natural resources, contributing to a more environmentally sustainable but 
robust economy. It also helps to ensure a steady supply of raw materials, often without 
depending on importation or costly supply chains, as these technologies can either be 
strategically placed or portable. Flexibility within the system will also allow for multi-
purpose infrastructure that can be easily modified so that supply can meet fluctuating 
demand.

What is Needed Now
Technology Platforms
Biofoundries are critical to the success of the bio-revolution because they enable 
researchers and companies to accelerate the development and commercialization 
of innovations through high-throughput and automated strain design, engineering, 
and testing. Canada currently has a fully functioning biofoundry established at 
Concordia University. In addition, a network of complementary biofoundries that 
support microbial, animal, and plant cell engineering across the country (BC, SK, ON) 
is seeking funding from the federal government through the Canadian Foundation 
for Innovation (CFI). Scale-up and piloting of technologies is critical in engineering 
biology, where the goal of research is often to achieve large-scale biomanufacturing 
through biorefineries, cell manufacturing, and fermentation plants. NRC has piloting 
facilities that researchers can access, and the feasibility of constructing additional 
facilities should be considered, including mobile pilot plants to improve flexibility and 
scalability.

A decentralized approach to biomanufacturing wherein multiple stakeholders can 
access biofoundries across the country through a central network will allow smaller 
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companies and research groups to rapidly pilot novel manufacturing techniques and 
complete proof-of-concept studies before expanding independently. It will also allow 
for greater flexibility in responding to urgent needs for resources, as occurred at the 
start of the current pandemic.

Focus on Canada’s Strengths
While there are over 400 market applications of engineering biology1, the National 
Engineering Biology Steering Committee has identified three specific areas within 
the keystone sectors where Canada has the industry capacity and need, academic 
excellence, and shovel-ready projects to lead in the global biomanufacturing 
revolution. These represent the areas in which we can have the greatest impact in the 
near term. We believe Canada should focus initially on developing these areas, which 
will form a foundation for large-scale economic and societal benefits as technologies 
advance and the bio-revolution takes hold:

1. Circular Bioeconomy for Critical Biomaterials and Minerals
Canada’s global leadership in natural resources and materials can be made sustainable 
by bio-conversion of low-value products like food waste, forestry and agricultural by-
products, and tailings into valuable products such as bioplastics, textiles, and minerals. 
There are billions of dollars of value to be created from low-value products across the 
country. Canada can leverage strong multinational industry representation from oil 
and gas, textile and clothing, food and beverage, mining, biofuel, and pulp and paper 
companies. These companies are ready to implement biomanufacturing development 
projects in Canada and are keen to partner and co-invest with the government to 
accelerate this development. The use of engineering biology to drive this area is 
consistent with the recently published National Bioeconomy Strategy by Bioindustrial 
Innovation Canada25.

2. Protein Biomanufacturing for Food Security
The emergent role of Canada as a world leader in protein technologies can be 
advanced by adding biomanufacturing capabilities for the production of protein and 
food ingredients using fermentation and cellular agriculture. There is a significant 
economic opportunity outlined in the McKinsey Global Institute ‘bio-revolution’ report 
estimating that more than a third of the global market is driven by new approaches 
to agriculture, aquaculture, and food. Specifically, cultured meat, plant-based meat, 
and synthetic proteins have an estimated value of $40-$120 billion globally1. Protein 
Industries Canada has indicated a strong interest in biomanufacturing as synergistic 
with its focus area of plant protein. There is a near-term project opportunity to use 
pea starch, a major by-product of pea protein manufacturing, as a feedstock for 
fermentation processes for proteins and ingredients, as well as other by-products, e.g. 
lactose, whey and others, for upcycling to create higher-value products desired by 
major industry players like Maple Leaf Foods, DSM, Mara Renewables and others.

3. Advanced Biologics
Canada’s leading-edge expertise in areas like stem cell research and personalized 
medicine can be bolstered through engineering biology. Canada should focus on 
addressing biomanufacturing challenges of therapies, including scalability and cost, as 
well as securing critical inputs like synthetic DNA/RNA, vectors and reagents, which 
are needed for vaccines as well as for therapeutics to treat diseases like cancer and 
genetic disorders. Canada can leverage companies such as Bluerock Therapeutics, 
STEMCELL Technologies, CCRM, IDT, ThermoFisher and academic excellence across 
the country.
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Regulation and Ethics
The Canadian regulatory system is robust and science-based, and this can be a source 
of competitive advantage for Canadian industry. Policy and regulations surrounding 
engineering biology applications should be proactive to minimize obstacles for 
commercialization of technologies or products. McKinsey estimates that 70% of the 
potential impact of these technologies will hinge on consumer, societal, and regulatory 
acceptance1. Public trust is critical for novel technologies broadly, and it is especially 
important for engineering biology where an impactful technology could be derailed 
by failure to engage with and inform the public. We have already seen how public 
opinion can hamstring new technologies, especially in the case of genetically modified 
organisms (GMO). Despite the transformative potential of GMO crops to feed our 
expanding population, consumer concerns about possible environmental and health-
related risks have caused backlashes that have permeated the agriculture industry. To 
prevent this, we must be proactive in how engineering biology-enhanced processes 
are marketed to the public while improving scientific literacy in the population as a 
whole.

The Canadian Genomics Enterprise has a long history of supporting integrated 
GE3LS research to examine the Ethical, Environmental, Economic, Legal, and Social 
implications of genomics research, and it is imperative that the engineering biology 
community and the Genomics Enterprise act as focal points for social policy, regulation 
and outreach, educating and engaging with the public and ensuring diverse groups of 
Canadians have a voice in the development of this transformational technology. This 
can be accomplished by partnering with public engagement groups like Let’s Talk 
Science, the Royal Canadian Institute of Science, as well as academics from leading 
departments such as the Department of Food, Agriculture and Resource Economics  
(FARE) at the University of Guelph, and others, to ensure an equitable and sustainable 
integration of engineering biology into our society.

Training and Skills Development
To capitalize on the engineering biology opportunity, we need to upskill our workforce 
and upskill highly qualified personnel along the continuum: from R&D to process 
development, to scale-up and regulation of commercial operations, to ethics and 
technology adoption. This requires experiential training and skills development in a 
targeted collaborative and interdisciplinary approach. In addition, engineering biology 
represents not just a multi-disciplinary field, but one that transcends and integrates 
disciplines, including engineering, biology, and computer science. Developing 
and retaining talent that understands the power of this and can communicate and 
collaborate across traditional disciplines is essential for Canada’s success. University 
and college-level curricula that are developed to create the future leaders of the bio-
revolution must also mirror this aspect, reducing siloes among disciplines and creating 
the right HQP that can drive engineering biology in Canada from innovations to 
scale-up. One of our goals is the breakdown of barriers between students in different 
faculties. Bringing together student scientists, engineers, and policy experts under one 
umbrella will facilitate greater cross-pollination and improve the capabilities of our next 
generation of leaders. There are several examples of efforts on this front within Canada 
today:
• The Canadian Genetically Engineered Machine (cGEM) Team is a national student-
led engineering biology association that brings students together to exchange and 
hold competitions that build on years of experience in the international (iGEM) 
competition. This program encourages student teams to solve real-world problems 
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in interdisciplinary groups. Notably, the Canadian biotech start-ups FREDSense and 
Hyacinthe were started within iGEM teams.

• Institutional graduate and undergraduate engineering biology programs have been 
established at University of Western Ontario, Concordia University, University of 
Toronto, University of Ottawa, University of Lethbridge and the University of British 
Columbia. Graduate student-led CSBERG (Canadian Synthetic Biology Education 
Research Group) is developing online modules for engineering biology skills 
development.

• Synbio Canada is focused on trainee-led initiatives and skills development.

Also imperative is creating training programs for workers transitioning from traditional 
industry roles. Good-paying jobs that do not require advanced degrees are important 
economic drivers, and ensuring that income inequality shrinks along with the growth 
of the new economy is paramount. Like most biomanufacturing processes, those built 
on engineering biology principles will allow for such jobs. While the underlying science 
can be complex, the functional outputs of engineering biology can be overseen by 
appropriately trained professionals. There will also be ample opportunity for cross-
sector hiring, as expertise in the building blocks of engineering biology can be 
shared across industries. We already see such ‘cross-fertilization’ with health science 
professionals being recruited into the cellular agriculture industry where their expertise 
is relevant. Investments in engineering biology will also lead to the construction of new 
facilities and retrofitting of unused industrial space, leading to the creation of jobs in 
regions across Canada..

Collaboration and Partnership
For Canada to realize the potential of engineering biology, public and private 
institutions, funders, and governments must come together to co-create the 
appropriate infrastructure, innovation conditions, and social strategies. The public must 
be engaged and be part of the solution so we can gain the consumers’ trust. Scientists 
and entrepreneurs across disciplines and sectors must be inclusive and collaborative, 
committing to an era of open science to realize the full potential of the engineering 
biology platform. Models of industry-led, open science collaboration platforms that lead 
to accelerated commercial outcomes exist and need to be leveraged26. The Canadian 
Genomics Enterprise is a launchpad in Canada for these types of public-private 
partnerships. Canada must build on the experience and advances made in other 
jurisdictions through targeted and mutually beneficial partnerships, in particular with 
organizations such as the US-based EBRC and BioMade27, the UK-based SynBiCite28  
and Future BRC29, Australia’s ARC Center of Excellence in Synthetic Biology30 and 
China’s Institute of Synthetic Biology31. By being selective and focused on Canada’s 
areas of strength identified in this white paper, we can come out as leaders in the 
world while creating jobs and wealth for Canada.
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Countries around the world are investing greatly in the development of engineering 
biology and are reaping benefits both economically and in the fight against 
COVID-192-6. Canada can drive a biomanufacturing-fueled economic recovery by 
nurturing the seeds of engineering biology that already exist in our country while 
focusing on these particular areas:
1. Funding an inclusive engineering biology innovation ecosystem in partnership 

with industry that leverages current and future Canadian capacities across 
industry, academia, and government towards accelerated product development.

2. Building on recent investments in vaccine development and manufacturing to 
include multi-functional biofoundries and scale-up facilities in strategic geographic 
areas;

3. Creating legal, ethical, and regulatory conditions that enable the rapid and safe 
approval of innovative technologies;

4. Supporting outreach and community engagement for consumer trust and 
accelerated adoption of new technologies;

5. Developing talent and skills that prepare the Canadian workforce for the future 
biomanufacturing economy; and

6. Seizing the opportunity for collaboration and partnership across funders and 
organizations both nationally and internationally.
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Call to Action:
A Truly National Strategy

THE PAST:

Manufacturing, Agri-Food and Health 
sectors functioned independently, 
generating new technologies and 
information within their individual sectors 

New ideas and technologies were rarely 
generated across multiple sectors

Employees were trained within 
single-discipline programs and were not 
provided opportunities to solve problems 
and innovate outside of their focus areas

THE PRESENT:

Engineering biology, as a platform, has 
begun to revolutionize technologies and 
approaches across Manufacturing, 
Agri-Food and Health sectors, and 
remain predominantly independent of one 
another 

Innovations in one industry take a long 
time to permeate into another, if at all 

We are beginning to train employees that 
can fill and transcend these gaps between 
these sectors by focusing on shared 
needs and areas of expertise 

OUR VISION FOR THE FUTURE:

Engineering biology technologies create a 
fully integrated and circular economy 
wherein Manufacturing, Agri-Food 
and Health use a shared technology 
platform to solve Canada’s most pressing 
challenges in a sustainable way 

Employees are trained to incorporate 
information and technologies from across 
the sciences and are able to apply their 
skills across multiple industries and 
sectors 

Can-DESyNe becomes a driving force 
of Canada’s engineering biology platform 
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Box 2. The Role of Can-DESyNe

The proposed Can-DESyNe network will ensure rapid 
and effective impact in Canada’s keystone sectors. 
Given the complexity of manufacturing supply chains 
and the interdisciplinary nature of biomanufacturing, a 
comprehensive network is essential to ensure resources are 
well-positioned across the value chain and to connect the 
right players together to solve big problems.

Can-DESyNe is structured to take advantage of 
technologies that can impact multiple sectors of the 
Canadian economy and facilitate the exchange of 
knowledge between them. The proposed collaborative 
network puts in place the necessary pieces to achieve 
transformative advantages for Canada:

• Through public-private partnerships, build an 
engineering biology innovation pipeline through small 
grants and investments for companies and academic 
projects at an early stage that are not well supported by 
generalist funding programs, to generate Canadian IP 
that is developed and can be scaled up in Canada.

• Facilitate access to existing critical infrastructure, 
including scale-up facilities with NRC and state-of-the-
art biofoundries.

• Coordinate regulation across sectors through a 
joint industry-government working group, ensuring 
regulatory conditions keep pace with transformative 
engineering biology technologies and a multi-sector 
approach across sectors.

• In collaboration with organizations like Let’s Talk 
Science, the Gairdner Foundation and others, upskill 
and engage the public.

• Create high quality, permanent jobs for the Canadian 
workforce.

• Develop and retain job-ready talent through industry 
internships and inter-university and college training 
modules.

Can-DESyNe will be independently governed and will draw 
on the expertise of the Canadian Genomics Enterprise, 
which has the demonstrated ability to drive strategic 
missions, promote translational research, shepherd 
industry-academic partnerships for building capacity, 
deliver on project-driven outcomes, and ensure strong 
processes for funding decisions.

We propose to cement Canada’s leadership in engineering biology, advanced by 
previous investments, by funding the Can-DESyNe network [Box 2] as the nucleus 
to spur action on a Canadian engineering biology-based ecosystem. The network 
builds on Canada’s strengths in genomics and engineering biology to deliver 
biomanufacturing solutions that help secure supply chains and create economic 
growth, establishing global leadership in three target areas for Canada. It will also 
demonstrate the broad applicability of strategic infrastructure investments by 
government targeted for vaccine biomanufacturing towards other priority sectors. 
Critically, the network will also act as a focal point for social and regulatory policy 
and outreach by educating and engaging the public and ensuring diverse groups 
of Canadians have a voice in the development of this transformative technology 
platform. Given the breadth of applications of engineering biology, the Can-DESyNe 
network will collaborate extensively within and outside the ecosystem, nationally and 
internationally, to grow awareness and adoption of engineering biology principles 
across economic sectors.

The full integration of engineering biology into Canada’s economy necessitates a truly 
national, inclusive, and cooperative strategy and action plan. By building biological 
systems to meet Canada’s needs and by helping Canada’s largest industry sectors 
innovate and transition, we will create a stronger and greener Canadian economy. 
Can-DESyNe was conceptualized and built to do just that. Can-DESyNe will ensure 
that priorities are set in such a way that the Canadian economy is rebuilt in a forward-
looking manner and strengthened upon the principles of equality, environmental 
stewardship, and innovation.
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