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What is a genome?
A genome is an organism’s complete set of
DNA and acts as a blueprint for the organism’s
structure and function.
What is genomics?
Genomics seeks to understand the entire genetic,
metabolomic, proteomic, and other related ‘omic
information of an organism. As every living thing
has a genome, genomics is driving the world’s
bioeconomy and has the potential to do the same
in Alberta. Genomics research and applications
include environment, energy, human health,
agriculture, and forestry.

12

Genomic Solutions for
a Changing Climate

• More than 40 senior leaders from industry, academia, government and notfor-profit sectors participated in a Roundtable Workshop to share information
about genomics work in the agriculture, forestry and energy resource sectors,
and to explore the linkages between scientific research, industry needs and
opportunities and desired policy outcomes.
• National and provincial policy leaders and other subject matter experts offered
presentations, which set the stage for lively discussions about genomic solutions
for the resource sectors.
• Genomic solutions can address a variety of critical challenges in the agricultural
resource sector, including: lowering livestock emissions, improving production
efficiency and health; providing quick detection of production traits and
pathogen resistance in crop species; and rapidly identifying soil microbes
and population diversity to build and maintain resilient soils and biological
carbon sinks.

SUMMARY

EXECUTIVE SUMMARY

• Genomic tools help accelerate the adaptive capacity of trees, as their
long life cycle does not allow them to adapt as quickly as the climate is
changing.
• Atmospheric carbon management is aided by bio-sequestration, which occurs
in growing forests and in forest soils. Genomic identification that enhances forest
productivity had the added benefit of enhancing bio-sequestration, which has
the potential for helping Canada meet its emission reduction goals.
• Greenhouse gases arise in the fossil energy sector from the mining of oil and
gas and the use of fossil fuel products, but also from fugitive methane emissions.
Genomic solutions can provide environmental benefits through the development
of mitigative strategies such as biofilters, microbial treatment of process waters
and bio-remediation of spill sites and mined lands. Genomic applications can also
add value for this sector through microbially enhanced oil recovery, conversion
of residual oil to value-added products and development of ecosystem health
monitors.
• Genomic solutions align with provincial and federal government goals
of mitigating greenhouse gas emissions, adapting to climate change, and
supporting innovation and job creation while moving to a lower carbon
economy.

Mitigation and adaptation
strategies across resource sectors
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INTRODUCTION

The “Genomic Solutions for a Changing Climate: mitigation
and adaptation strategies for the resource sectors” was a
one-day invitation only Roundtable Workshop for leaders
from industry, government, academia and non-governmental
organizations from across Canada, which provided the
opportunity to:
• Enhance understanding of industry challenges and
opportunities, and learn how genomic solutions may
help support the shift to a lower-carbon economy,
• Learn more about the desired policy outcomes
that will guide future investments, and
• Recommend essential criteria for establishing
investment priorities.
A discussion paper was offered in advance of the Roundtable
Workshop to provide a general introduction to the topic
and portions of that paper are incorporated into the context
sections of this Roundtable Workshop report.
This report contains summaries of the extensive discussions
drawn from transcripts of recorded proceedings. Any errors
or omissions are the responsibility of the report authors.
The Roundtable Workshop was co-hosted by Genome Alberta,
Genome Canada, and Emissions Reduction Alberta, and was
developed with the guidance of a multi-stakeholder Steering
Committee. The hosts wish to thank Jay Ingram, for his superb
moderation of the Roundtable Workshop discussions.
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Climate change challenges
Canada’s recognition that climate change presents potentially harmful
threats to Canadians and the global population has underpinned a strong
commitment to addressing climate change. Climate change is the result of
increasing concentrations of atmospheric greenhouse gases (GHGs), including
carbon dioxide, methane and nitrous oxide, among others, which trap heat in
the atmosphere and contribute to rising global temperatures. Post-industrial
revolution increases in GHGs have overwhelmed the balancing absorption of
atmospheric carbon by terrestrial biomes. This has resulted in meteorological
alterations including extreme weather events, rising sea levels, disruption of
water resources, increased severity of insect and disease manifestations, and
significant alterations in ecosystem integrity, coupled with the attendant
human and infrastructure impacts.
The scientific evidence shows that climate change is happening now and that
future impacts have potentially grave consequences for Canada. Under the
guidance of the Intergovernmental
Panel on Climate Change (IPCC), the Canadian government took an active role
in the negotiation of the Paris Accord, and has subsequently made significant
investments through the 2016 and 2017 federal budgets. As well, they have
created a detailed pan-Canadian plan that links climate change mitigation
to innovation and clean growth. Similarly, provincial governments across
the country are undertaking the development and deployment of strategies
intended to address regional emissions challenges and capitalize on specific
opportunities to move towards a lower carbon economy.
As of March 2017, Alberta, British Columbia, Ontario and Quebec have
specific policies intended to mitigate climate change by reducing net emissions,
supporting clean technology initiatives, and developing adaptation plans for a
healthy future. In all jurisdictions, it is clear that to meet the goals in addressing
climate change, it is necessary to reduce the release of ancient carbons from
fossil fuels, and to enhance the removal of carbon that is already in the
atmosphere. Further, future climate change challenges including extreme
weather, altered weather patterns such as drought and new threats from
pests and diseases require tools and strategies that enable adaptation.

Mitigation and adaptation
strategies across resource sectors
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The Organization for
Economic Co-operation
and Development
(OECD) estimates that
the emerging bio-based
economy may be worth
$1 trillion by 2030.
Canada, which boasts
the globe’s largest
biomass resource per
capita, is particularly
well-positioned to
benefit from such
growth, perhaps by as
much as 3.99% of GDP if
appropriate investments
are made in research,
commercialization
and technology
deployment.

Role of technology and innovation
Successful mitigation and adaptation inherently demands that new approaches
to meeting human needs be developed, and both are well served by sciencebased policy and innovation. Because our current energy and food systems are
carbon-based, a shift from reliance on fossil carbons to biogenic carbons offers
an efficient approach to reduce net atmospheric carbon contributions, while
retaining existing infrastructure and social constructs. The Organization for
Economic Co-operation and Development (OECD) estimates that the emerging
bio-based economy may be worth $1 trillion by 2030. Canada, which boasts the
globe’s largest biomass resource per capita, is particularly well-positioned
to benefit from such growth, perhaps by as much as 3.99% of GDP if appropriate
investments are made in research, commercialization and technology deployment.
With the understanding in place that innovation and technology offer
tremendous hope for addressing climate change and preparing for a climatealtered world, significant commitments by governments and industry have
already been made, while much more must be invested to reach and sustain
global goals. Regional investment strategies designed to primarily yield local
outcomes, such as Emissions Reduction Alberta and Ontario’s Green Investment
Fund are important, along with global funds such as IPCC’s Green Fund which is
intended to extend technology advancements to partnering countries that lack
resources for regional development.

Why focus on resource sectors?
Canada’s vast size, cold climate and resource-based economy yields a unique
GHG emission profile, with the fastest growing emissions associated with oil
and gas extraction and processing, heavy transportation, and demands for space
and process heating. Innovation that can reduce fossil fuel emissions while using
existing infrastructure will nevertheless place considerable strain on biogenic
carbon sources from forest and agriculture biomass, in addition to anticipated
growing demands for food, feed, fibre and fuels. Innovation in all three resource
sectors – energy, agriculture and forestry – is essential to meet both mitigation
and adaptation expectations.
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ABOUT GENOMICS

What is genomics?
Genomics is a field of molecular biology that focuses on the structure, function,
evolution and mapping of genomes – the complement of species-specific genes
that determine how biological organisms behave – along with the necessary
investigative tools and techniques such as sequencing, genetic mapping and
bioinformatics.
The study of genomes has been made possible by advances in the tools and
techniques that initially permitted the study of genes, along with advances in
biochemistry and genetics. Because of these advances, scientists are no longer
restricted to the study of individual genes out of context of the full organism.
Combined with the use of “big data” computational tools, it is now possible to
answer much more complex questions about the control and function of whole
organisms and their response to stresses. This capacity is particularly important
for issues such as disease and climate change, where organisms are exposed to
sustained stresses, or where symbiotic reliance between two or more organisms
is key to survival.

Genomics as a tool for mitigation and adaptation
Biological carbon sequestration that withdraws carbon from the atmosphere
occurs through natural biological processes such as photosynthesis, so
understanding genomic control of such processes may be key to enhancing
biological carbon capture. Similarly, naturally occurring emissions such as those
from enteric fermentation by livestock may also benefit from genomic analysis
that leads to management strategies. Understanding the control of biological
processes at the genomic level underpins a broad host of mitigation strategies.

According to
The World Health
Organization,
Genomics is defined
as the study of genes
and their functions,
and elated techniques.
The main difference
between genomics
and genetics that
genetics scrutinizes
the functioning and
composition of the
single gene where as
genomics addresse
all genes and their
inter relationships in
order to identify their
combined inﬂuence
on the growth and
development of
the organism.

Likewise, understanding stress response at the genomic level is a key factor
in developing successful adaptation strategies for healthy ecosystems that
will be called upon to support a bioeconomy.

Mitigation and adaptation
strategies across resource sectors
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AGRICULTURAL RESOURCE SECTOR

Agricultural
emissions account
for 10% of total
emissions in
Canada.

1. Livestock production –
challenges and genomic solutions
Both the beef and dairy livestock sectors have been subjected to criticism related
to the methane emissions from enteric fermentation. Such public scrutiny could
have negative impacts on market share and could damage Canada’s robust
agricultural industry.
Using genomic tools to inform breeding strategies, producers can select for more
productive, feed efficient cattle that produce less methane. This approach would
lead to sustained improvement of the entire herd over time, while concurrently
reducing feed demands, and offering additional lifecycle benefits. Alternatively,
genomics-based analysis of the rumen microbiome could result in reversible
modifications that could be tailored for specific diets.

Presentations:
Drs. Karen Beauchemin and Henry Janzen,
Agriculture and Agri-food Canada (AAFC) –
Using livestock to promote ecosystem health and resilience.
Key points included:
• There are many approaches to reduce methane emissions from livestock 		
production, including chemical and natural feed additives, and genetic 		
selection, but risks include reducing productivity, increasing costs and loss
of market confidence. Thus, a multi-disciplinary and holistic approach is
essential.
• Methane is just a part of a land-based system of production.
• The nitrogen cycle is also linked to livestock production because of
the use of nitrogenous fertilizers to grow feed.
• Genomic solutions include reducing excretion from the rumen, using
soil microbes to reduce soil nitrogen losses, and increasing biological
carbon fixation to reduce losses of N2O and CO2.
• Livestock should be reintegrated with cropland through increased
use of forages, and other examples of systems innovation.
• Increased efficiency maintains yields without increased emissions.
• Increased soil carbons build resilience for future climate scenarios.
A healthy ecosystem is the essential foundation.
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Key points included:
• Agricultural production efficiency has increased dramatically over time
with a 72% decrease in emissions since 1962.
• Production is under growing pressure from markets, policy frameworks
and value-chain consumers to incorporate sustainability metrics.
•

Goals of the CRSB include a balanced approach to environmental
sustainability and beef sector viability. Because of low profit margins in
agriculture, producers are risk averse and adoption of new technologies
can be slow.

•

Genomic solutions are needed in feed and nutrition, animal breeding,
rumen modifications, grassland and manure management, and animal
health.

AGRICULTURE

Fawn Jackson, Canadian Cattlemen’s Association,
Canadian Roundtable on Sustainable Beef (CSRB) –
Agriculture and climate change.

2. Crop production and management –
challenges and genomic solutions
Climate change threatens food safety and security, and is expected to place
intense demands on diminishing land resources as pest and disease profiles
change, and drought conditions prevail. Adaptation of crop species is of
critical importance in addressing these challenges. Furthermore, emissions
from crop production are often related to the use of nitrogenous fertilizers
designed to enhance plant growth and productivity. Because the timing of
fertilizer applications does not accurately align with the period of plant
demand, much of the fertilizer nitrogen is lost to the atmosphere as nitrous
oxide, or to waterways through nitrate run-off. Application management
strategies can be helpful, but genomic solutions offer much more refined
approaches to managing nutrient loss and GHG emissions.
Mitigation of nitrous oxide emissions may be enabled by understanding
and using soil microbes to stabilize nitrogen resources. Genomic trait
identification and selection that improves nitrogen use efficiency and water
use efficiency are important adaptations that permit crop success in changing
production conditions. Over the longer term, using genomic tools to move
from annual to perennial cropping systems will minimize soil moisture loss
and production emissions, while maximizing soil carbon sequestration.

Mitigation and adaptation
strategies across resource sectors
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The unpredictability
of climate change
adds complexity to
the challenge of
mitigating agriculturerelated emissions from
livestock production
andcropping systems.

Presentations:
Dr. François Belzile, Université Laval –
Soybeans and climate change: adapting to become part of the solution.
Key points included:
•

Soybeans are a highly nutritious and flexible food and feed crop that
develop a symbiotic relationship with soil bacteria that allows the use of
atmospheric nitrogen for growth and development through symbiotic
itrogen fixation(SNF).

•

SNF reduces the need for applied fertilizer and the inherent losses of 		
nitrogen to air and waterways.

•

Climate change impacts will extend the available temperature range for
production, but also increase exposure to pathogens. Genomic-enable
adaptation is necessary for successful crop production in the anticipated
climate future.

•

As soybeans are a short-day crop and do not mature well in long summer
days in Canada’s north, genomic solutions include rapidly identifying the
genome for maturity and breeding cultivars better able to mature in
Canadian conditions, and improving plant resistance to anticipated
pests and diseases.

Agriculture Discussion Summary
The unpredictability of climate change adds complexity to the challenge of
mitigating agriculture-related emissions from livestock production and cropping
systems, and creating new systems to help producers adapt to climate change.
A reasonable approach to managing such uncertainty is to acknowledge its
existence and then develop strategies effective within possible future scenarios.
Strategies need to be developed at a systems level, which means that genomics is
a particularly valuable tool for explaining the underlying processes that may be
needed in different scenarios.
There was considerable dialogue on the value of maintaining inventories of
diversity to bring forward needed traits, versus the reliance on tools such as
gene editing. The group generally agreed that maintaining as much diversity
as practicable was desirable while acknowledging that significant costs were
associated with maintaining such inventories. The greatest amount of discussion
on genomic solutions for the agricultural resource sector focussed on the
challenges of advancing innovation with the following concerns:
• It is critically important to guide the efforts of the science community by
functional linkages with industry and the producer communities. Clearly some
sub-sectors are better engaged than others. Many examples of advances in
agricultural productivity and funding support were used to show that sound
links do currently exist, especially when industry profits were an outcome.
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• When outcomes of innovation are intended to offer environmental benefits,
or to meet a policy goal, there is less funding support and less industry
engagement; however, it is possible to identify short term production benefits
that include financial gains while ultimately addressing longer-term environmental goals. Industry goals also include new metrics such as sustainability,
which must be balanced along with productivity and profit.
• Innovation must be undertaken at the systems level, to achieve the scale of
benefits needed to have a climate change impact. This means that adoption of
innovation must be widespread and immediate. This is a change from the current
approach of a few early adopters, followed by sluggish mainstream change, and
indicates a role for policy in supporting the adoption of innovation. In particular,
a framework for measuring and reporting on environmental impacts, such as
that established within the oil and gas resources sector over the last 20 years,
could be helpful identifying areas of particular concern and the positive impacts
of the adoption of new technology.
• Furthermore, systems-level adoption of genomic solutions requires a multi
stakeholder approach. An excellent example of this is the genomic solution of
changing rumen microbiome activity to reduce methane emissions, but with
implications for feed volume and type to maintain productivity requires the
expertise of agronomists.
• The challenge of communication risks, such as that experienced on the issue
of genetically modified organisms was discussed. Because of the power of the
marketplace, it is especially important to have a well-informed, science-based
communications approach. This process is very well supported by the existing
“GE3LS” activities of Genome Canada, which addresses the ethical, legal,
environmental and social aspects of genomics work. It is particularly important
that policy-makers are engaged in communications activities.

Mitigation and adaptation
strategies across resource sectors
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FOREST RESOURCE SECTOR

To improve
tree breeding and
selection, traditional
approaches can take
30+ years. Genomic
selection has potential
to reduce this to five
years or less.

1. Health and Productivity of Forests
Climate change offers serious risks to the health and productivity of forests
worldwide. As local climates become hotter and drier, existing tree species are
expected to suffer, resulting in poor primary production and lifespan, reduced
Genomics assisted breeding is expected to improve the survivability of desirable
species and aid in the migration of species to more appropriate locales.
Additionally, the essential forest soil microbiome, which supports growth,
health and stress tolerance, is important in creating drought resistant forests.

Presentations:
Dr. Barb Thomas, University of Alberta –
Genomic solutions of a changing climate: strategies in the forest sector.
Key points included:
•

Tree improvement (TI) is used to identify superior parental stock and
to improve forest quality over time.

•

TI has traditionally focussed on increasing volume and deferring losses
from other stresses.

•

Now TI is also targeting the traits needed to grow under anticipated
climate change conditions, and to resist new pests and diseases.

•

Genomic solutions can address the challenge of time for the forest sector
because it eliminates the long testing phase associated with traditional 		
breeding.

•

Alberta hosts an active demonstration in forest adaptation.

Shane Sadoway, West Fraser –
Genomic applications, industry interest.
Key points included:
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•

Forest companies need high quality wood, secure and reliable seed stock
with as broad application zones as possible.

•

These benefits need to be delivered at shorter time frames than the usual
of 30-50 years for reasonable costs.

•

Genomic solutions offer many potential benefits that are being tested and
demonstrated now, but forest companies are still concerned about cost,
ownership, public perception and policy uncertainty.

Genomic Solutions for
a Changing Climate

A majority of commercially productive forests in Canada reside on publicly owned
lands, which means that decision-making for the management of those lands
occurs between government, at the provincial level, and the forest companies. An
underlying aspect of the discussion hinged on competing interests around climate
change. Forest companies must ensure competitiveness and the production of the
high quality timber and pulp that supports the business models as a primary focus;
however, both groups must address non-timber issues including biodiversity and
climate change impacts. Considerable discussion focussed on understanding the
climate change impacts of currently forested lands, both those that are productive
and those less so, and on understanding the threats and opportunities that could
arise from climate change impacts. For example, in northern Alberta much of the
forested land is also wetland, so a future climate could see drying of the landscape
as temperatures rise.

FORESTRY

Forest Resource Discussion Summary

Other potential impacts could see the impact of new insect pests and diseases
and some time was spent understanding the lesson of the Mountain Pine Beetle
(MPB) infestation that devastated British Columbia’s forests. Some new pests can
be anticipated and genomic work will help to identify traits that could confer
resistance. Other pests may be native species, such as MPB, which had greater
impact under changed climatic conditions.
Genomic solutions are especially important for maintaining healthy forests in
the face of a changing climate because they vastly reduce the time traditional
techniques require to understand and test the underlying genetic information
that can lead to decision making. For example, identifying superior parental lines
for seed selection traditionally requires about 30 years, but this time can be
reduced to 5 years using genomic techniques.
In the final portion of the sector discussion, two important societal values
were addressed. The first focussed on the value that growing forests offer in
sequestering atmospheric carbon, thus offsetting emissions from other sectors.
This benefit goes hand-in-hand with active forest management because overmature forests become a source of carbon and the benefit may be lost. The role
for genomics in bio-sequestration is to help identify and select individuals and
parental lines that grow swiftly and have the highest rates of carbon sequestration
per time period. Any work that supports enhanced volume production will also
enhance the amount of carbon sequestered.
The second aspect was the societal value of using forest carbon for low-carbon
economy products, including fuels, chemicals and materials. Genomic solutions
can offer significant benefits not only by rate enhancement, but also by identifying
characteristics that ease conversion processes or confer specific characteristics
to the end product. This has potential value for forest companies and environmental benefit for all.

Mitigation and adaptation
strategies across resource sectors
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ENERGY AND MINING RESOURCE SECTOR

Genomics can
be used in:
Reservoir souring
control.
Pipeline corrosion
monitoring and
intervention.
Routine microbiome
screening.
Revegetation and
reforestation.
The Alberta funded
GENICE project is
researching bioremediation of oil
spills in Canadian
Arctic marine
environments.

1. Efficient recovery of oil and gas resources
challenges and genomic solutions
Consumption of fossil fuels for a wide range of applications is expected
to continue despite concerns for environmental impact. One way to
mitigate the full life cycle emissions associated with extraction, processing
and utilization of fossil fuels is to ensure that efficiency is as high as
possible at each step. Management of the subsurface microbial environment
through the genomic characterization of the microbiome may significantly
enhance fossil fuel recovery.

2. Reclamation and remediation –
challenges and genomic solutions
Remediation of produced waste-water from oil sands recovery is a
significant challenge to the energy sector. The genomic characterization
of tailings pond microbial communities will assist remediation efforts,
resulting in lower methane emissions and more rapid reclamation.
Similarly, reclamation of contaminated soils and mine sites is expected
to benefit from the genomic characterization of microbial communities
essential for bioremediation.

Presentations:
Drs. David Layzell and Kunbi Adetona, University of Calgary –
Opportunities, challenges and solutions for the energy sector:
A systems perspective.
Key points included:
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•

Climate change is related to carbon and energy flows, which in Canada
includes both fossil and bio resources. Our flow of carbon is much greater
than our total emissions because so much of our carbon is exported as
fossil fuels.

•

When considering the conversion efficiency from primary production to
end products, biological carbon flows are much less efficient, which
suggests that the residual stock of biological carbon in forests and
agricultural soils could be key to our overall carbon management.

•

Genomic solutions that would enhance the volume and durability of
crop roots, and the resistance of trees to pests, disease and fire would
offer valuable increases in the net amount of bio-sequestered carbon.

•

Each solution and green technology such as use of biochar or biofuels
should be considered within a full systems assessment to determine its
relative value in achieving a “net neutral” emissions profile.

Genomic Solutions for
a Changing Climate

Key points included:
•

Greenhouse gas emissions in the energy sector, including those from coal
bed methane, fracking and shale oil, conventional crude oil, and mined
oilsands arise from fugitive sources, process emissions and from the use
of end products.

•

There are extensive opportunities for genomic solutions both for mitigation
of emissions and for valorization, which includes both opportunities to
maintain and/or improve the established return on investment.

•

Key to optimizing both mitigation and valorization is the genomic
characterization of the sub-surface ecosystem microbiome, which is
responsible for chemical conversions.

•

Mitigation options include the production of biofilters, biocaps and
bioremediation.

•

Valorization options include microbial enhanced oil recovery and bio
conversion to value-added products.

•

System-level enhancements are also possible, including the use of
microbiome characterizations as ecosystem health indicators.

Dr. Elizabeth A. Edwards, University of Toronto –
Convergence of challenges? Commonalities across resource sectors
and what is the role of genomics to help reduce GHGs?

ENERGY AND MINING

Dr. Julia Foght, (retired) University of Alberta –
Genomics in the energy sector.

Key points included:
•

Scale up is very expensive and hence risky in large energy operations,
so industry is reluctant to adopt new technologies and practices until
these are fully de-risked. The role for government is to share in the cost
of de-risking technology adoption.

•

Genomic solutions in this sector have best opportunity where microbial
activity can be used to modify or enhance a process that already occurs
naturally, and where microbial genomes are easily assessed.

•

New profits are possible in microbially assisted hydrometallurgical
reactions including biooxidation and bioreduction, bioaccumulation
and bioleaching.

Mitigation and adaptation
strategies across resource sectors
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When the goal is to
mitigate emissions
from the energy
sector, there needs
to be a strong focus
on methane emission
reduction, because of
methane’s potency as
a greenhouse gas.

Energy Sector Discussion Summary
When the goal is to mitigate emissions from the energy sector, there needs to be
a strong focus on methane emission reduction, because of methane’s potency
as a greenhouse gas, and because fugitive emissions are widespread. This goal
is challenged by the low cost of natural gas, which means that the capture or
reduction of fugitive emissions is not cost effective in many situations. Policy tools
to incentivize reductions and/or to penalize emissions from oil and gas fugitive
emissions, processes and products are an essential part of the equation in achieving
reduction goals. Two areas where genomic solutions could offer immediate and
specific reductions are in the application of biofilters or biocaps that microbially
oxidize methane to less potent carbon dioxide in areas where fugitive emissions
occur, and the use of bioremediation techniques for spill sites and to restore
mined landscapes. These techniques are so effective that microbiome health
is recommended as a more effective measure of ecosystem restoration than
residue evaluation.
Where the goal is to add value to the fossil fuel energy sector, genomic solutions
offer many different possibilities in the management of subsurface ecosystems.
In conventional extraction for example, microbes may be used to enhance oil
recovery or to convert residual oil directly to value-added products.
An additional point of interest in the energy discussion related to the extensive use
of water by this sector. Large-scale water use is common, and flow-back or process
water must often be treated to remove particulates and contaminants, which results
in both environmental concern and considerable cost for industry. Treatment of
used water with microbes can reduce the time and cost of water treatment, and
can be tailored to specific needs through genomic characterization.
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POLICY PERSPECTIVES

Both the federal and provincial governments of Canada have undertaken policy
work to address desired outcomes, and meet global and regional climate change
targets. There is increasing alignment and commitment between the various
government levels and a “whole of government” approach, which is intended
to integrate existing stakeholders and their expertise for efficient and effective
achievement of the goals. But it is complicated as climate change impacts every
aspect of society and industry as well as the environment. Some clear and consistent
messages include the need to make science-based decisions, to include all members
of society in the discussion, to use innovation and technology advances to make big
improvements as quickly as possible, and to move the entire economy to a lower
carbon state, rather than make piecemeal adjustments.

Both the federal
and provincial
governments
of Canada have
undertaken policy
work to address
desired outcomes,
and meet global and
regional climate
change targets.

Presentations:
Bob Savage, Alberta Climate Change Office –
Mitigation and adaptation policy development in Alberta.
Key points included:
• Most work to date (late 1990s) focussed on the mitigation of emissions from
09 Large Final Emitters that create about 46% of Canada’s industrial emissions.
• Under the new Alberta Climate Leadership Plan, broader engagement with
renewed efforts in research, innovation and investment are intended to
address mitigation and adaptation concerns, as well as support job creation
and diversification of the economy.
• The heavier focus on adaption is the result of the realization that even if
Canada was able to completely eliminate all of its 2% contribution to GHG
emissions, climate change is unavoidable and adaptation is essential for future
health and prosperity. Work on adaptation as a part of the full policy structure
is still at the early stages.
• Compliance dollars will continue to support the work of Emissions Reduction
Alberta, which invests in projects that will reduce emissions in the Province
of Alberta.
• Offsets are now and will continue to be used to generate a market pull for
new technologies.

Mitigation and adaptation
strategies across resource sectors
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Why we need a climate
adaptation strategy
Over the last century,
Alberta’s climate has
become warmer and
wetter Changes will
happen at a much faster
rate and there will be
more frequent and
intense extreme weather
events Implication for
Alberta’s ecosystems,
economy, and well-being
of communities and
Albertans.

Dr. Laird Shutt, Environment Canada –
Genomic solutions for a changing climate.
Key points included:
• Climate change is real, happening now, of human origin, and expected to
impact Canada more intensely than other nations.
• The federal government’s “Pan-Canadian framework on clean growth and climate
change” outlines the four pillars to support action on reducing emissions. These
include: pricing carbon pollution; complimentary mitigation actions to reduce
emissions across all sectors; adaptation and climate resilience; and clean
technology, innovation and jobs.
• The federal government’s Genomics Research and Development Initiative
coordinates the activities of 8 federal departments and agencies to support
research and development, build capacity and address specific goals, including
for example, protecting Canada’s biodiversity and demonstrating application
of metagenomics of the microbiome in soil and water.
Lee Kruzewski, Alberta Economic Development and Trade –
Climate change innovation policy and strategy; genomic solutions
and clean innovation.
Key points included:
• Alberta Economic Development and Trade works to create the policy
ecosystem conditions to support the emergence of solutions.
• Currently, a task force is working on the Climate Change Innovation and
Technology Framework (CCITF), which is intended to generate both
environmental and economic gains.
• CCITF accelerates game changing technologies to advance the low carbon
economy, by supporting company creation and growth, and market
development and investment attraction.

Policy Perspectives Discussion Summary
A vigorous discussion on the role of governments in offering guidance through
policy setting took place at the conceptual level, specifically in regard to genomic
solutions. Some consistent messages from all three presenters, as well as others in
the discussion group included the idea that policy is much more than regulation and
financial incentives. Bob Savage noted that as the regulator of GHGs in the province
of Alberta, it is tempting to go to the regulatory approach first, but sometimes
other types of approaches yield a more complete outcome faster. His example was
the oil and gas sector, which must meet that national goal of reducing methane
emissions by 45% by 2025, and has been instructed to move on this target even
earlier in the Province of Alberta. This approach was modified however, when
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the need for enhanced measurement technologies, and the requirement to
de-risk technology installations were identified. The provincial response was to
roll-back the reduction requirement to a 2023 deadline (two years ahead of the
national requirement) and to work with Emissions Reduction Alberta on a $40M
call for proposals for measurement technology enhancement and methane
educing projects.
A second consistent message was the need for integration of policy between
departments, and the harmonization of desired policy outcomes at the various
levels of government in order to achieve the challenging goals of mitigation
and adaptation. One of the constraints is the very short time available to meet
the targets, and genomic solutions were identified as particularly promising
because they can be developed swiftly and offer great impacts.
Finally, participants heard from each of the presenters about the need to review
existing policies, to amend these with new outcomes in mind, and to create
new policies as needed. Flexibility in policy development and application, and
a willingness to learn from other policy-makers was a dominant theme.

Conclusion
The Roundtable Workshop was an excellent format to discuss the role for genomic
techniques in developing solutions to climate change challenges in the resource
sectors. Genomics is an important tool in the suite of technologies, especially
because it is highly specific, and enables fundamental changes over a very
short time period. Consequently, genomics is particularly important for impact
analysis, mitigation and adaptation – all essential elements to addressing climate
change and in strong alignment with government priorities in innovation and
job creation. Genomics is not the only solution, but plays an important role in
biological approaches to both mitigation and adaptation.
The discussions in every sector indicated that an integrated systems approach
is required – it is not possible to make an effective change in one aspect of a
biological ecosystem without addressing the secondary changes that this will
cause. Specific genomic solutions will need to be accompanied by changes to the
systems in which they operate. There is no doubt that this increases complexity
and demands that the full cycle from discovery to application be considered,
discussed through engagement of appropriate stakeholders, and supported
by sound policy. While the task sounds daunting, there have already been
significant successes to build on, to model, and to grow.
As the genomics sector moves forward, it will be important to recognise
that uptake will be earliest where an economic benefit can be envisioned and
where a well-developed communications plan engages society in realizing the
multiple benefits.
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