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When we understand how things  
work at this molecular level, it opens 
up a world of possibilities. Genomics is 
already making a difference in a wide 
range of areas, such as:

•  Increased  production of plants and animals  
with fewer inputs

•  Reduced damage from pests and disease 
•  Improved ability to extract valuable elements  

from the earth and ocean without disrupting  
the fragile ecological balance

•  Better ability to provide the right treatment at  
the right time to the right patient

Genome Atlantic is working with a 
wide range of partners to ensure that 
genomics helps Atlantic Canada be 
more competitive in the following 
sectors:

• Agriculture
• Aquaculture and Fisheries
• Environment
• Forestry
• Human Health
• Mining
• Energy
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GENOMICS: A TRANSFORMATIVE TOOL

BRINGING GENOMICS TO THE REAL WORLD
With the help of a range of experts in genomics and other areas, Genome Atlantic is working 
with companies and government departments in all of these sectors to: 

1. Identify areas where genomics can provide benefit, and  
2. Facilitate the relevant research and development to achieve those benefits.

We welcome the opportunity to talk to you about these opportunities.

THE POTENTIAL FOR GENOMICS TO 
TRANSFORM OUR kEy INDUSTRIES IS REAL.

Genomics is the powerful combination of biology, genetics and computer science that gives us 
unprecedented insight into all the DNA code that makes living things what they are.

GENOMICS: A TRANSFORMATIVE TOOL

To learn how genomics can be applied to these sectors, please visit our website:  

www.genomeatlantic.ca/transformers
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GENOMICS & CROPS
The use of genomics for crop 
improvement promises to increase 
quality and yield of crops while using 
less fertilizer, pesticides and water. 

DNA tests based on the genome sequences of 
plants are making the selective breeding process 
more targeted and two to three times faster. In 
certain cases, genetic modification is creating 
plant strains with new properties that improve 
productivity and nutritional value.

SOYbEAN
Thanks to its high content of protein and oil, 
the soybean represents a major food source 
for livestock and for humans, and is the subject 
of extensive research. In 2010 it was the 

first legume to have its genome completely 
sequence. This new information is being applied 
in genomics-directed breeding to develop 
strains with disease and drought-resistance, 
healthier food-oil content, higher oil yield for 
biofuel production, and even to reduce polluting 
phosphorous in the manure of livestock that are 
fed soybean meal.

Soybean was also one of the first crops to be 
genetically modified to be ‘Roundup Ready’ by 
introducing a gene that confers resistance to the 
powerful herbicide, glyphosate. Other research 
on genetic modification of soybean by DuPont 
aims to increase the amount of oleic and stearic 
acid, which the food industry values. 

POTATOES
As the world’s largest non-grain food crop, the 
potato is the focus of extensive research to 
develop new varieties with increased disease 
and pest resistance and improved production 
and quality traits. While a number of genetically-
modified varieties have been developed with 
useful properties, such as resistance to the 
potato beetle, opposition to using genetically 
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PROdUCING fOOd fOR ThE WORLd IS MORE COMPLEx ThAN EvER. 
Growing populations and changing climates are straining the limits of current agricultural 
practices. Genomics is providing powerful tools to address the need to develop crop strains and 
livestock breeds that can support increased food production while resisting pests and disease 
and reducing the environmental footprint, in terms of toxic chemicals and carbon emissions,  
of traditional farming.

GENOMICS & AGRICULTURE



modified foods in the fast-food industry has kept 
these potato varieties out of production. The 
production of pharmaceutical products, such as 
vaccines, by genetically modified potatoes has 
shown considerable promise and does not elicit 
the opposition related to food crops.

Classical selective breeding has yielded numerous 
production varieties with desirable properties, 
such as increased resistance to pests and viruses 
and improved appearance. The publication of 
the complete DNA sequence of potato genome 
in 2011 has fueled research to identify the genes 
that control important potato traits and his 
information will greatly facilitate and accelerate 
selective breeding of improved varieties that 
contain these favorable genes. 

GRAPES
Grapes are the largest fruit crop globally and 
contribute an estimated $6.8 billion to the Canadian 
economy through the wine-making industry. The 

publication of the complete DNA sequence of 
grape genome in 2007 opened a new era in the 
ancient practice of breeding better wine grapes. 

Researchers in Canada and across the world are 
using the genome information to identify which 
genes control important traits such as sweetness 
and colour, time to flower, frost and pest resistance, 
and ripening. As these all lend a slightly different 
element to the end result, the goal is to find the 
perfect blend of traits through genomics-assisted 
selective breeding for use in different growing 
conditions and for different wine drinking tastes.

CAMELINA
A member of the mustard family, Camelina sativa is 
a plant that is making headlines for its potential in a 
variety of industries. Camelina’s high oil content and 
nutritional value make it a viable contender for use 
as a source of biofuel, an addition to feed for poultry, 
fish and other animals, and a healthy source of oil in 
our diets. While its DNA sequence has not yet been 
determined, researchers, including a project here 
in Atlantic Canada, are looking at genes responsible 
for a variety of its hardy traits with the goal of using 
this information to develop varieties best suited to 
different growing conditions and different industrial 
and food applications.
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WhAT ARE GMOs?

Genetically modified organisms, or GMOs, are plants (or animals) 
whose genetic makeup has been altered by the insertion or deletion  
of DNA to confer desirable traits. 

Since the introduction of the first GMO crop in 1994, the FlavrSavr Tomato, at least 25 GMO plants 
have been approved for production in the US. While the FlavrSavr, engineered to slow ripening 
and improve appearance, is no longer produced, roughly 90% of the corn, soybean and cotton 
now produced in the US has been genetically modified to resist herbicide treatment (improving 
weed control) and, in the case of corn, to repel insects. Herbicide-tolerant corn, canola, soybean 
and sugar beet are all approved and cultivated in Canada. Some of these GMO crops end up in 
North American food, usually as processed ingredients like oils or sugar.

While there is considerable controversy over GMO food production (no GMO crops have been 
approved in the EU and no GMO potatoes are grown because of french-fry consumer opposition), 
over three billion servings of GMO foods have been consumed in North America and the general 
scientific consensus is that GMO foods present no unique health risks over their natural varieties.

The majority of GMO crops are designed for improved production (herbicide-tolerant, pest-
repellant). In the case of the papaya, genetic modification to ‘immunize’ the fruit against a fungus 
literally saved the papaya industry in Hawaii from being totally wiped out by a virus. A GMO 
zucchini engineered to resist three different viruses was approved and is produced in the US. 
Disease-resistant GMO crops, such as bananas that can resist the fungus which is threatening the 
global banana crop, are expected to be important objectives in coming years.

Ongoing research on GMO crops includes the development of new traits, such as Golden Rice 
engineered for increased nutritional value, flood-resistant rice in response to climate change, and 
Arctic Gold apples that don’t brown when cut. While no GMO animals have been approved for 
market, Atlantic salmon engineered to grow much faster than wild salmon have received initial 
approval on the road to commercialization in the US.

Environmental impacts of GMOs are also a concern. However, scientists debate the overall risk to 
the environment, compared to non-GMO farming practices, which often require more chemical 
inputs, higher use of water and larger overall carbon footprint. The global debate is strong, but 
recent statistics indicate that concerns are waning as an increasing number of research studies 
provide evidence that farms are actually more sustainable with the use of GMOs.
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GENOMICS &  
LIvESTOCK
Genomics can be used to speed up 
the genetic improvement of livestock 
traits, such as milk yield, meat quality 
and reproductive life. 

The process is fairly simple: we can use DNA 
markers that are linked to the desired traits to 
identify the highest potential animals, and select 
those for production and breeding. This type 
of genomic selection has rapidly become a key 
strategy for breeders and producers to reduce costs 
and increase productivity of their herds across a 
range of species.

CATTLE
The bovine genome, completed in 2009, has 
provided the beef and dairy industries with 
powerful tools to undertake genome selection 
to improve desirable traits, including complex 
traits like health and fertility that could not be 
assessed using traditional methods. Within two 
years of completing the bovine genome, a new 
class of genomics evaluation tests became required 
information for all bulls presented as sires for 
artificial insemination (AI). This drastically reduced 
the time and cost of bringing AI bulls to market, and 
improved the accuracy of genetic predictions of 
traits over classic progeny-based evaluations, which 
are based on performance data on hundreds to 
thousands of AI daughters.

It has been said that genomic testing could deliver 
as much breed improvement in the next 50 years 
as has been achieved in the 8000 years since the 
domestication of dairy and beef cattle. The use of 
these tools has already provided annual benefits 
of over $180M to Canada.

And there is still much more potential for 
innovative uses of this genomic resource. In Nova 
Scotia, Performance Genomics Inc. is working 
with a global animal health leader to validate 
and commercialize a genomic marker test that 
allows farmers to select dairy cows with longer 
reproductive lifetime potential. Cows that have 
more pregnancies produce more milk per cow, and 
need to be replaced less often, so dairy farmers 
can derive more economic value from fewer 
cows while reducing financial costs and lowering 
environmental impacts. 
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SWINE
Raising livestock is expensive. Getting more 
from each animal raised can be a game-changer 
for farmers. Genomic research has led to the 
development of a DNA marker test that lets 
producers selectively breed pigs that have larger 
litters and increased lifespans of offspring, with 
obvious financial benefits.

Pigs are also known as major pollutants because 
of the high levels of phosphorous in their waste. 
However, some recent genomics studies have 
identified pigs that seem to thrive on lower 
phosphorus diets. This could lead to selective 
breeding that would create healthy, productive 
pigs that leave less environmental footprint.

MARKER-ASSISTEd SELECTION (MAS)
The use of a molecular marker (e.g. DNA or RNA) linked to a trait of interest that can be used 
to identify the most favourable individuals to be used for breeding purposes.

SINGLE NUCLEOTIdE POLYMORPhISM (SNP)
A variation in a single base (Adenine, Thymine, Cytosine or Guanine) within a sequence of 
DNA. SNPs do not generally cause disease directly but some SNPs may affect an individual’s 
susceptibility to disease or the response to the drugs and treatments.



GENOMICS,
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AQUACULTURE
World aquaculture production 
attained an all-time high in 2010, at 
60 million tonnes (excluding aquatic 
plants and non-food products), with 
an estimated total value of US$119 
billion representing over 500 different 
species and 190 producer countries. 

While details differ depending on species and 
location, aquaculture producers face similar issues 
related to growth rates in culture, losses due to 
disease and pests and rising costs and diminishing 
supplies of predominantly fish-based feedstock. As 

in traditional livestock farming, these challenges 
are being addressed through a combination of 
improved processes and selective breeding of 
genetically improved broodstock.
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Aquatic species, including finfish, mollusks and crustaceans, make up a growing proportion 
of the world’s food supply, reaching almost 17% of animal protein consumed globally in 2009 
according to the United Nations. While wild capture fisheries have reached their peak and for 
certain species catches are in decline, aquaculture output is continually increasing, representing 
40% of global fish production in 2010, up from 9% in 1980. In Canada, fisheries represent $2.5B 
in product value, with 1/3 of that coming from aquaculture, primarily salmon.

The growing importance of fish protein for feeding an expanding world population is putting 
increasing pressure on fisheries to assure sustainable supplies of wild and cultured fish while 
managing and minimizing the impacts on aquatic ecosystems. Genomics science provides tools 
for researchers to assist in this effort in a variety of ways, in particular:

monitoring, management and conservation of wild stocks

selective breeding of aquaculture species with desirable  
traits development of sustainable diets for cultured fish

development of vaccines for infectious diseases that threaten aquaculture

GENOMICS, FISHERIES ANd AQUACULTURE



SELECTIvE BREEdING
By the end of 2012, complete genome sequences 
were available for very few aquatic species, 
including Atlantic cod, Pacific oyster and several 
“research” species like zebrafish and fugu 
(pufferfish). Major efforts are in progress to analyze 
genomes of essentially all commercially important 
species, including salmon, catfish, tilapia, and 
shrimp, to name just a few. This work is providing 
genomic tools, in the form of DNA Markers, that 
are enabling marker-assisted selective breeding 
programs for aquaculture broodstock to improve 
health and productivity.

Classical breeding has succeeded in bringing 
significant gains in growth and survival rates for 
many aquaculture species. Genomics research has 
identified DNA Markers for resistance to certain 
pathogens, including Infectious Pancreatic Necrosis 
virus (IPNv) in Atlantic salmon and Viral Haemorrhagic 
Septicaemia virus (VHSv) in rainbow trout, both 
associated with major losses in commercial 
aquaculture. These markers can be used to guide 
selective breeding of resistant broodstock.

In the case of halibut, genomics research has 
identified DNA markers that can be used to select 
faster growing fish, allowing producers to get their 
fish to market six months faster - a 20% reduction 
in the time to grow a fish to market size, with the 
associated reductions in resources and costs.  

(In the case of Atlantic salmon, genetic modification 
with a Coho salmon growth hormone gene has 
produced a GMO salmon that grows to harvest size 
in 16 to 18 months, rather than the normal three 
years in culture; this AquAdvantage salmon has not 
yet been approved for sale).

FEEd dEvELOpMENT
Finding the optimal diet for farmed fish can make 
the difference between healthy, fast growing fish, 
and those that fail to thrive. Genomics can play an 
important role in the research and development 
of feed formulas. For instance, salmon, trout and 
other carnivorous fish require some fish in their diet 
to flourish. But fish oil and fish meal have cost and 
sustainability issues. One plant-based alternative, 
Camelina sativa, is being explored as a partial 
replacement in feed. Researchers are looking at the 
impact of camelina on the genes of the fish, watching 
for changes in gene activity with the change in diet.

This research is in the early stages of indicating the 
precise amounts of camelina needed to create the 
best effects in the fish, which will help feed producers 
develop the optimal feed for performance and 
health, while using the least amount of resources.
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HEALTH MANAGEMENT
Genomics tools are also helping to manage the 
health of fish in aquaculture environments. 
They are used for accurate diagnosis of disease, 
including identifying the difference between lethal 
strains of illness and those that don’t cause any 
damage. That information greatly informs the 
disease management process implemented by the 
fish producers, helping them determine when and 
if they need to introduce quarantine or treatment.

Genomics tools are also important in the 
development of vaccines that help to protect the 
fish. DNA sequencing of the pathogens can enable 
production of vaccines; this route has resulted in 
the first oral vaccine for IPNv. They can also help 
to tailor the vaccines to be more effective for 
particular families of fish.

TRACEABILITy
Genomics tools are helping producers of salmon 
and other aquaculture products address food 
safety and sustainability issues by using DNA 
markers to trace the product from the egg to the 

plate of the consumer. Producers and consumers 
of farmed fish can have confidence, knowing when, 
where and how it was produced and what process 
it followed along the way. This ‘genetic fingerprint’ 
of the fish can also help identify escaped farmed 
salmon, and track them back to their origins when 
they are found in the wild.
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GENE REGULATION: Up-REGULATEd/dOWN-REGULATEd
The process of increasing or decreasing the expression of genes. In some circumstances 
it can also be thought of as a process of turning genes on and off. Gene regulation occurs 
in the cells of organisms during normal development and it can be activated to respond to 
changes to the environment.

MICROARRAy 
A molecular tool used to examine the expression of thousands of genes simultaneously. 
It can help researchers understand which genes are associated with form and function 
of an organism.
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WILd STOCK 
MANAGEMENT
According to the United Nations, 
most of the world’s wild fish stocks 
are either fully or over-exploited, and 
sustainable management practices are 
essential to avoid fisheries collapse as 
happened for Atlantic cod. 

Genomics offers powerful new tools to monitor 
wild fish stocks for biodiversity, genetic origins 
and population health. It can provide critical 
information for regulation of the fisheries and, 
by providing traceability through DNA markers, 
genomics can protect consumers by helping to 
identify fish captured illegally or confirming that 
fish originated from sustainable fisheries. Better 
information from genomics can support better 
decisions and better policies to protect and 
preserve this natural resource.

SALMON
When wild Sockeye salmon migrate to the Fraser 
River in BC, it is natural for some of them not to 
finish their journey. Given the economic, cultural 
and environmental value of Sockeye to Canada, 
management of this wild species is important.

Recent research led to the identification of a gene 
associated with increased mortality in migrating 
salmon. A DNA test for the gene is now used by 
Fisheries and Oceans Canada to monitor wild 

salmon stocks as they migrate to the BC river 
system, and allows them to adjust harvest rates to 
ensure that enough sockeye reach their spawning 
grounds to maintain healthy salmon populations.

TROUT
In New Brunswick, river trout numbers are on 
the decline. Genomics can help ensure that 
appropriate restocking with disease-resistance and 
the appropriate balance of males and females can 
take place without undue ecological ramifications.

LOBSTER
Lobster is one of Canada’s most lucrative food 
exports at over $800M annually. But relatively little 
is known about the genome of this tasty crustacean. 
Researchers are currently working closely with 
the lobster industry to find answers to some big 
questions. Like, how different are lobster families? 
What sparks their migration from region to region? 
What makes some families more resistant to disease 
than others? These findings will help us better 
monitor and manage our lobster populations, and 
ensure a healthy, sustainable, lobster industry while 
protecting the delicate ecological balance of our 
oceans and coastal regions.
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Genomics and  
Fossil Fuels
The world will undoubtedly continue 
to use petroleum (along with coal and 
natural gas) as its primary energy 
source for many years to come.

Maximizing the yield of petroleum extraction 
while minimizing the potential damage from 
environmental release are both areas where 
genomics research is providing potential solutions. 

In each case, the major research focus is on 
microbial metagenomics, or the combined functions 
of communities of microbes that interact in nature.  
There are many areas under development that 
benefit from genome-scale study.

bio-catalYsed extRaction 
This approach looks at the use of microbial 
communities that naturally convert residual, 
inaccessible oil in reserves to recoverable methane

sloWinG ReseRvoiR bio-souRinG 
The generation of toxic and corrosive H2S (sour 
gas) following water injection is a problem 
affecting much of the world’s oil reservoirs. By 
understanding what’s happening within the 
microbial communities responsible, metagenomics 
can lead to the creation of efficient methods 
for controlling souring that don’t rely solely on 
environmentally unfriendly biocides.

blockinG bio-coRRosion 
Microbial influenced corrosion (MIC) is a major 
source of metal degradation of oil pipelines, and can 
lead to potential failure and environmental release, 
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Global demand for energy products for transportation, heat and electricity will continue to grow 
as the world’s population expands and standards of living increase. Our ability to meet this 
demand while protecting the environment, reducing greenhouse gas emissions and preserving 
land for food crops is probably the greatest challenge facing humans in the 21st century. 
Whether we are considering ways to improve the extraction and use of fossil fuels or developing 
renewable energy alternatives from biological sources, genomics is becoming an essential tool in 
helping us meet the sustainable energy challenge. 

Genomics & eneRGY
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a multi-billion dollar problem. By identifying the 
microorganisms causing corrosion, metagenomic 
analysis allows operators to implement strategies 
that successfully control corrosion.

contRol oF tailinGs ponds 
Microbial communities can play both a positive 
and negative role in tailings ponds. They can 
accelerate pond settling and help to degrade 
toxins, but on the negative side, they can generate 
greenhouse gases. Metagenomic analysis can 
help us identify the microbial communities that 
are active in tailings ponds, and then develop 
strategies to employ indigenous microorganisms 
to accelerate settling and minimize toxicity and 
green-house-gas emissions.

bioRemediation oF  
contaminated enviRonments 
Metagenomics can help us identify microorganisms 
and genetic pathways that can eliminate toxic 
compounds. This can lead to biological solutions 

to clean up impacted sites in a less expensive and 
more environmentally friendly manner compared to 
alternative technologies. 

ResouRce manaGement 
A better understanding of the microbiological 
processes involved in hydrocarbon extraction and 
waste consolidation could improve management of 
water use, recycling and treatment.

Genomics in action in tHe eneRGY sectoR

Oil companies are using genomic data to assist them in making decisions with respect to 
the environmental sustainability of Alberta’s oil sand operations:

A large energy producer is evaluating the use of excess bisulphate in a critical water system based 
on the discovery that its addition to pipelines fosters bacteria that produce corrosive products

A major Alberta-based oil company is using the results of metagenomic studies to control the 
generation of toxic and corrosive gas following water injection (oil well souring)

An international oil company will use information provided through metagenomic analysis of 
tailings ponds to ensure the ponds are safely closed
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Genomics and  
bioFuels
Renewable biofuels produced from 
biomass feedstocks hold great 
promise as sustainable alternatives 
to fossil fuels to create energy, which 
will reduce the risk of environmental 
pollution and greenhouse gases driving 
climate change. 

Genomics has a central role to play in the 
development of the biomass feedstocks and 
microbial processes that will be needed to make 
biofuels both sustainable and commercially 
viable alternatives to petroleum.  The two areas 
described below are currently among priorities of 
research efforts:

cellulosic bioFuel
Extensive efforts are being applied to use woody 
biomass for production of biofuels like bioethanol 
for transportation.  Genomics is helping to develop 
appropriate biomass sources, like poplar trees, 
straw, corn stalks (and all non-harvestable material 
known as corn stover) or switchgrass, with the right 
properties for biofuel production. Genomics is also 
being used to analyze and perfect the microbial 
communities or enzymes that can efficiently convert 
woody biomass into sugars, and then transform the 
sugars into fuels. For example, fungal enzymes have 
been isolated and used for the conversion of wood 
residue into bioethanol.

Part of this effort involves deciphering the 
metagenomes of microbial communities that 
degrade cellulose in the intestines of ruminants, 
like cattle, and even of termites. By identifying, 

through genomics, the genes that are responsible 
for key biomass traits or catalytic activities, it will 
be possible to develop commercially viable and 
sustainable processes that spare the food supply.

alGal bioFuel
The production of biodiesel from bio-oils 
represents a second source of biofuel that is 
under development. Like corn-based bioethanol, 
the production of biodiesel from agricultural 
crop oils (like soya, canola, sunflower and palm) 
competes with food crops and has been deemed 
unsustainable. Non-food seed crops like Jatropha 
and Camelina represent potential alternatives 
under development, which may not compete for 
agricultural land. 

Single-celled algae, which contain a high proportion 
(over 50%) of oil as biomass, are being extensively 
researched as a sustainable source of bio-oil for 
biodiesel production.  Genome sequencing of algal 
species and strains is well advanced and opens the 
path to engineering algae specifically for production 
and recovery of bio-oils for biodiesel production. 
One of the highest profile projects is a joint venture 
between  ExxonMobil and Synthetic Genomics  (the 
latest company of genome pioneer Craig Venter) to 
develop and commercialize algae-derived biofuels. 
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enhancinG recovery 
Successful application of microbial organisms 
can dramatically enhance recovery of gold and 
copper. By providing a greater understanding of 
the microbial activities known to operate in natural 
resource environments, omics sciences can improve 
the effectiveness of biotechnological solutions and 
ensure that recovery rates rise well above current 
low and diminishing levels. As suppliers resort 
to extraction from low-grade accessible ore and 
waning hydrocarbon reserves, these incremental 
improvements in recovery rates for mature 
operations will become more attractive.

addressinG  
resource-intensive extraction 
Large amounts of water and energy are used for a 
range of extraction and processing activities in the 
energy and mining sector, including concentration of 
metals and minerals. Recovery of metals can reduce 
the consumption of large volumes of water through 

irrigation-style bioleaching of heaped ore, or stirred-
tank biooxidation of millions of litres of crushed ore. 

Increased omics knowledge could also help mining 
industries improve metal leaching rates and extent 
of extraction, or help develop bacteria better suited 
to optimal leaching environments (withstanding 
agitation of stirred-tank treatments, higher 
processing temperatures, acidity, metal toxicity, etc.)

acceleratinG remediation 
Bioremediation employs biological agents to 
treat contaminants, such as naphthenic acid from 
tailings ponds or heavy metals from effluents, to 
a suitable level for reuse, discharge or disposal. 
Phytoremediation utilizes the most effective 
associations of plants with bacteria or fungi to 
decontaminate polluted sites. Such treatments can 
benefit the federal government in particular, who 
oversees more than 20,000 contaminated sites 
retired from historical mining activities.
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A wealth of metal and mineral deposits makes Canada one of the world’s top five producers 
of essential commodities for industry. In the next 20 years, the accelerated industrialization of 
nations such as Brazil, Russia, India and China will add the needs of 800M ‘middle class’ citizens. 
This growth will expand the market for metals and minerals, making this important Canadian 
sector indispensable to the projected needs of global development.

Canadian mineral production operations in 2011 produced $45B from commodities such 
as potash, uranium, nickel, cobalt, titanium, aluminum and platinum. Ranking first in global 
exploration spending, more than 800 operations account for almost 20% of Canadian exports.

And like other sectors, the mining industry faces a variety of challenges in extraction, resource 
use, and environmental remediation that can be addressed through genomics.

Genomics & mininG
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Already, a full-scale bioremediation plant operates 
in the Netherlands to remove heavy metals from 
mining effluents, and both Canada and the US 
have successfully utilized microbial degradation 
to remove cyanide from metal mining effluent. 
Further study of indigenous organisms at polluted 
sites will provide important knowledge on 
microbial diversity in extreme conditions, identify 
new isolates with contaminant resistance, and 
make genetic information available to determine 
the best remedial symbionts. 

mitiGatinG acid rock drainaGe  
(ARD; oR AciD mine DRAinAge, AmD)
The dissolution of sulphide-bearing waste rock and 
tailings may form acidic run-off containing dissolved 
heavy metals. Remediation typically involves either 
treatment with a basic compound, or more recently 
manipulating the oxidizing bacteria.

Bacterial treatment of ARD can substantially 
reduce the need for expensive chemical 
neutralizers; in this way, Japan saved 70% on the 
remediation of a copper smelter. Combinations 
of neutralizing chemicals and laboratory cultured 
microbes have now been patented for application 
in the US and Canada. Studies at the University of 
Wisconsin revealed that two naturally occurring 

bacteria catalyze ARD to varying degrees, creating 
opportunity for development of a predictive tool 
based on natural levels of microbial consortia at 
the site. A deeper understanding of the effect of 
chemical inhibitors on the microbial constituents 
will determine the tool’s true predictive capabilities 
for managing mine site conditions.

advancinG BioleachinG/ 
Biooxidation 
Particularly effective bacteria are used to leach 
valuable metals into solution for electroplate 
recovery (bioleaching), or to concentrate valuable 
solids through the leaching of low value impurities 
(biooxidation). These biohydrometallurgy 
processes become increasingly important for 
extracting metals and minerals from low-grade ore 
as high-grade reserves are depleted.

Bioleaching currently produces almost a quarter 
of the world’s copper, and biooxidation enables 
20-fold concentration of gold prior to extraction. 
In the interest of advancing this field, bacteria that 
thrive in both high and low temperatures are being 
explored, with the aim of using them in diverse 
climate sites such as Canada’s Arctic.

addressinG reGulatory  
reGulations
There are increasing regulations around the use of 
certain mining practices and their environmental 
impact. For example, countries around the world, 
including Hungary, Germany and the Czech Republic 
have banned the use of cyanide leach mining. 
Microorganisms that can perform similar leaching 
activities result in dramatically reduced environmental 
impacts. Genomics technologies can help to 
identify and manage the most effective organisms 
for these and other less invasive processes.
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moniToRinG impAcTs  
of Toxic subsTAnces
Industrial, agricultural and consumer 
activities release thousands of synthetic 
chemicals into the environment, many 
of which can be toxic for living things, 
including humans. 

The testing of substances for potential toxicity and 
the monitoring of ecosystems for toxic impacts, 
both areas under government regulation, are 
benefiting from advances in a new field termed 
eco-toxicogenomics. This emerging science uses 
molecular tests of genome function to examine 
the toxic effects of chemicals on different species 
and to monitor ecosystem health by testing plants, 
animals and microbes for gene markers of toxicity. 

While still in early stages, eco-toxicogenomics 
research involving academics, governments and 
private companies is cataloguing the types of 
changes in genome function that are produced 
by different toxins in different species, including 
model organisms like microbes or mice as well as 
wild species like fish and birds. Continued progress 
in this field will lead to rapid, low-cost and high-
information genomics testing methods that will 
improve toxicity screening and risk assessment 
for toxic substances, provide detailed information 
on how ecosystems respond to toxic chemicals 
and potentially reveal early warning signs of 
environmental impacts to inform conservation and 
regulatory responses. 

A real-life example involving research from 
Environment Canada is using Gene Expression 
Tests (which genes are turned on or off) in liver of 
rainbow trout to identify gene markers of the fish 
‘stressor’ response to environmental pollutants 
like pulp and paper effluents. Such tests could 
one day be used to routinely monitor the health 
of aquatic ecosystems that are impacted by 
industrial activities.
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Barely a day passes without a news item regarding ‘the environment’. Globally, researchers, 
citizens and governments are grappling with ways to keep up with our growing demand for 
‘“goods” while preserving the health and balance of the earth’s ecosystem.

From more environmentally sound production of energy and food (see the Energy and 
Agriculture sections) to more specific applications such as bioremediation, genomics 
applications are playing a significant role in this sector.

Genomics & enViRonmenT



bioRemediATion of  
Toxic polluTAnTs
Bioremediation refers to the 
neutralization of toxic pollutants in the 
environment through the biological 
action of living organisms, primarily 
microbes or plants (the latter  
referred to as phytoremediation). 

The organisms can be naturally occurring, as in 
the case of the ocean-living, oil-eating microbes 
that are considered largely responsible for the 
breakdown of petroleum released in the Exxon 
Valdez and BP Gulf of Mexico oil spills. Such in situ 
bioremediation takes advantage of the natural 
ability of certain microbes to digest carbon-based 
chemicals and can be accelerated by providing 
nutrients (like phosphorous) to help stimulate 
growth and multiplication of the indigenous 
microbes. Bioaugmentation aims to accelerate the 
remediation process by adding the specific toxin-
degrading microbe(s) grown in culture directly to 
the polluted site. 

In the cases above, genomics tools can be used 
to identify those natural microbes best suited 
to degrade specific pollutants and contribute to 
improving and accelerating remediation. Canadian 
researchers working with industry are using this 
approach to optimize microbial cultures that 
degrade and detoxify an important pollutant 
from the dry cleaning industry. These microbe 
cultures have already been used to remediate 
contaminated groundwater at over 200 sites in  
the US, Europe and Canada.

Phytoremediation takes advantage of the ability 
of certain plants to absorb heavy metals like 
nickel and cadmium from the soil and thereby 
detoxify contaminated sites. Genomics is being 
used to improve this ability further by identifying 
microbe genes that are able detoxify metals like 
mercury and introducing these genes into certain 
plants by genetic modification. The transgenic 
plant is thus better able to phytoremediate metal-
contaminated sites. Continued research efforts 
in bioremediation genomics will provide new 
and improved methods to remove contaminants 
already present in soil and water.
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Wildlife And 
biodiVeRsiTy 
conseRVATion
Genomics tools are being embraced 
for the identification, monitoring 
and protection of wild species that 
comprise the biodiversity of global 
ecosystems. 

Canadian researchers are key partners in the 
international Barcode for Life program that aims 
to develop simple and inexpensive DNA Barcode 
tests for all of the earth’s species. Such DNA 
marker tests are being used to control the traffic 
in endangered species, enforce wildlife harvesting 
regulations and map the distribution of wildlife 
species across different ecosystems. ExxonMobil 
is working with Canadian scientists to catalogue 
and eventually monitor biodiversity in sensitive 
ecosystems representing business opportunities, 
such as the Arctic Ocean.

Genomics tools can also support efforts in wildlife 
and conservation enforcement. For instance, 
genomics tools can prove the genetic identity of 
an organism so they can be used to prove that an 
animal has been unlawfully harvested.

For example, genomics can help determine if meat 
in a freezer is an endangered species. Or, it could 
prove that moose meat in a freezer was actually 
from two separate animals, not one, providing 
evidence that a hunter harvested more than their 
license allowed.

1344 Summer Street
Halifax, NS  B3H 0A8

genomeatlantic.ca
902.421.5683

Genomics & enViRonmenT

pcR
PCR: Polymerase Chain Reaction (PCR), is a biochemical technique of amplifying a specific 
piece of DNA or RNA. Results show whether the DNA or RNA is present or absent.

QpcR
QPCR: Quantitative Real-Time Polymerase Chain Reaction (QPCR or qPCR), is a biochemical 
technique of amplifying DNA or RNA. Results show how much of the DNA or RNA is present.
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PesT manaGemenT
Pests can cause massive damage to 
our forests, costing millions in lost 
exports and wages, and increasing  
our use of chemical inputs.  

One pest species can devastate millions of hectares 
of coniferous forests. Two cases in point: Quebec 
and Atlantic Canada had a Spruce Budworm  
(SBW) outbreak that lasted from 1967 to 1992, 
which caused the loss of 12.9 million hectares of 
commercial forests.Since the 1990’s, the Mountain 
Pine Beetle has destroyed over 16 million hectares 
of pine forest in British Columbia and is spreading 
east, abetted in part by higher survival of the insect 
over our steadily warming winters.

Because of the potential environmental and 
economic impact, researchers and foresters are 
always looking for new tools to help manage tree 
pests while maintaining an ecological balance with 
the rest of the forest and the surrounding habitats. 
Genomics can be an important tool in that quest.

For example, genomics was involved in the process 
that Canadian Forest Service (CFS) researchers 

used to characterize and commercialize (via Sylvar 
Technologies) a naturally occurring insect virus as a 
pest management product (Abietiv™) to kill balsam 
fir sawfly. This approach is also being studied to 
see if it would be amenable to other pests such as 
Spruce Budworm.
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Making the most of our forests in a sustainable way is a crucial economic and environmental 
challenge for Canada. With a contribution of roughly $24B to the country’s GDP, forestry provides 
jobs and creates a lucrative export market. And as forests cover almost half of our country, they play 
a critical role in Canada’s complex ecosystem, not to mention an important part of our culture and 
lifestyle. Genomics can play an important role in helping us manage this invaluable natural resource 
in the face of changing climate, insect infestations and increasing demand for quality wood products.

Genomics & FoResTRY



Genomics research is also helping to monitor the 
quality of our wood exports. For example, a kit 
developed by the CFS is being used in Canada and 
the US to certify that Canadian nurseries are free 
of the pathogen that causes sudden oak death, 
thereby allowing Canadian producers to export 
their materials.

Other research is underway that is looking at pests 
like the Spruce Budworm and Mountain Pine Beetle. 
In both, the genomes of the trees, the pests and 
other organisms involved in the infestation process 
are all reviewed and assessed. The genome sequence 
of the Mountain Pine Beetle was recently completed 
by Canadian researchers and is now available to 
guide development of more effective controls. 
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TRee BReedinG
Genomics has the potential to greatly 
accelerate the tree breeding and 
selection process, making it easier 
for producers to develop trees with 
desired traits such as wood strength 
and straightness, pest and disease 
resistance, and drought tolerance. 

Researchers are also looking at tree genomics for 
ecological traits in order to determine how trees
adapt to ever changing climate. This could help us 
select trees most able to adapt to climate change,
and help us better predict the performance of our 
forests in future climatic conditions. For example,

genomic work in European oaks has provided 
understanding of post-glacial migration of the 
species, which has led to information about their 
adaptive responses throughout the centuries. 
Until recently, complete genome sequences were 

This ReseaRch can helP us:
Understand why some trees are more resistant to certain pests, which could lead to  
the development of new cultivars that are pest resistant.

Track the migration of certain pests, creating valuable insights to better treat and prevent 
outbreaks.

Understand the life process of the pests, leading to more effective and targeted management 
practices such new pesticide formulas, and the timing and range of pesticide application.
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available for only two tree species, the poplar and 
the papaya, while major efforts for other species of 
commercial importance have released genomes for 
spruces, pine, and birch.

Finally, lumber and paper production are the 
foundation of the forestry industry, and have 
been for years. Now Canada’s forest producers 
look to build on that foundation by researching 

new ways to use trees as sources of biomass for a 
range of uses from energy (pellets) to petroleum 
based replacements. This means that tree qualities 
are being looked at in a whole new light, making 
genomics a valuable tool to explore the potential 
of trees with different traits such as biomass that 
is easier to break down, or tree varieties that grow 
faster for more frequent harvest, or that produce 
more O2 to release back into the environment.

While Genomics has The PoTenTial To sPeed uP The PRocess, 
TRee BReedinG is noT neaRlY as advanced as BReedinG PRacTices 

in aGRiculTuRal secToRs FoR ThRee Reasons:

1. Tree breeding has only become widespread in the last 50 years, compared to thousands 
of years for agricultural species;

2. Trees take a lot longer to grow to maturity levels where you can observe traits such as 
growth, disease resistance and pole straightness; and

3. Trees have a more complex gene-trait relationship – it’s simply not as easy to find a 
single gene that is responsible for a single trait, such as disease resistance. It essentially 
means we are much earlier in the game for trees than we are for other plants. But we are 
catching up. Researchers are now proposing that genomics can speed up the selective 
breeding process by twenty years. 
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TesTinG WiTh dna maRkeRs: 10 YeaRs

Breeding

4 + years 4 + years2 + 
years

PropogationTesting

acceleRaTed BReedinG: 23 YeaRs

Breeding

4 + years 4 + years15 + years

PropogationTesting

TRadiTional BReedinG PRoGRam: 31 YeaRs

Breeding

8 + years 8 + years15 + years

PropogationTesting

BReedinG, TesTinG & PRoPoGaTion

The following chart shows the duration of the three phases  
of tree selection: breeding, testing and propogation.
With the use of genomics and DNA tools, all three phases can be significantly reduced, 
shortening the overall timeframe from 31 years to 10.

In addition, traditional selective breeding programs have seen growth and productivity 
gains of 10-15% per cycle. With the use of genomics and other DNA information, researchers 
think that similar gains could be achieved for wood density and strength, and tree 
trunk straightness without having to run expensive wood testing, providing significant 
improvements per breeding cycle.

Researchers are continuing to work closely with industry to ensure that the research results 
they are finding can be validated and applied to provide sustainable improvements in the 
real forestry environment.



Genomics & 
HUmAn HeALTH
THe riGHT TreATmenT AT THe riGHT 
Time for THe riGHT pATienT
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pATienT sTrATificATion
Genomics can inform how we  
assign patients for care. It can create  
efficiencies and reduce unnecessary, 
expensive and time-consuming  
treatments. 

For example, there has been a lot of talk about 
Herceptin, a costly drug for cancer treatment that  
is highly effective on the roughly 20% of breast 
cancers where women possess a mutation of 
a protein called HER2. National guidelines now 
require HER2 testing upon diagnosis of breast 

cancer to determine whether treatment with 
Herceptin is warranted, saving both the patients 
and the health care system wasted time  
and money.
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Genomics is probably most commonly associated with human health. With the mapping of the 
human genome, we now know of the roughly 20,000 genes that make us who we are. And each 
day, as the costs of sequencing goes down, we understand a little more about what each of 
those genes do to control the proteins and ultimately the cells in our bodies.

Genomics has tremendous potential to help us manage our health better. From understanding 
our genetic predisposition to a disease, to providing earlier and more accurate diagnosis, 
to pinpointing the drugs that are best suited to the genetic variation of disease, genomics is 
playing a vital role in moving us from a ‘one size fits all’ approach to healthcare, to ‘personalized 
medicine’ where our prevention, care and treatment are informed by our personal genome.

Genomics & HUmAn HeALTH
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DiAGnosTics
Early and accurate diagnosis  
of disease is pivotal to effective 
interventions. 

Genomics can help to validate the presence of 
disease, as well as pinpointing what variation of 
that disease a patient has. For instance, a genetic 
mutation is responsible for a deadly heart condition 
in families in Newfoundland and Labrador. This 
information has led to a diagnostic test that 
helps doctors definitively determine who has the 
condition, and proactively implant a defibrillator 
that will restart their heart when it stops.

ADVerse DrUG  
reAcTions 
Adverse drug reactions cost the 
Canadian system $15B/year in medical 
treatments and hospital visits. But 
genomics can help us assign the  
right drug to the right person at  
the right time.

For example, through genomics we know that 
some post partum mothers carry a genetic 
mutation that makes them process the painkiller 
codeine into morphine much faster than normal. 
When that is transmitted to their breastfeeding 
newborns, the effect is lethal. When this new 
genetic information was revealed, guidelines 
around the use of painkillers for new moms were 
revised, and countless babies are alive today 
because of it.
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wHAT is personALiZeD meDicine?

Personalized medicine is an emerging practice of medicine that uses 
an individual’s genetic profile to guide decisions made in regard to 
the prevention, diagnosis, and treatment of disease.

With the many advances in our understanding of the human genome since the Human 
Genome Project completed in the first part of this century, we now know much more about 
the genetic make-up of our bodies in health and in illness. 

Knowledge of a patient’s genetic profile can help doctors select the proper medication or 
therapy and administer it using the proper dose or regimen. Although in early stages, the 
development of so-called ‘designer drugs’ based on this knowledge could also prove to be a 
game-changer for the health care industry.

eXAmpLe: LUnG cAncer 
Lung cancer remains the leading cause of cancer-related death worldwide accounting for 
over a quarter (27%) of all cancer deaths each year. In Canada, there are roughly 25,300 
new cases of lung cancer diagnosed each year, with over 20,000 resulting in death.  

Although surgery is one of the most effective treatments, most lung cancer patients 
are diagnosed too late for surgical intervention. For these patients platinum-based 
chemotherapy and radiation therapy, alone or in combination, become the treatment of 
choice. Unfortunately, the five-year survival rate is only about 15%, and has not significantly 
changed in the past several decades.

Thankfully, lung cancer shows great promise for gene-specific therapy. Through a pilot 
clinical diagnostic service in Halifax, genomics is helping us find the genetic markers that 
identify subgroups of patients that are more likely to benefit from targeted therapies. Early 
results show that those whose treatment is correlated with the genetic mutation behind 
their specific type of lung cancer are showing marked improvements in surviving this 
terrible disease.


