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How can biotechnologies protect
biodiversity?

PrOJECT ' Agriculture

Biodiversity is the basis of agriculture. It has
enabled farming and the food system to evolve
over time. Biodiversity is the variety of life in
an ecosystem. In agriculture, it represents the
foundation and origin of all species of crops,
livestock and the variety within them.

The biodiversity that exists today in agriculture
results from the application and advancement
of different technologies. While biodiversity

is important to agriculture, agriculture is also
important to the sustainability of biodiversity.
Maintaining this biodiversity is essential for the
sustainable production of food, including food
security, nutrition and livelihoods.

improving the food supply

Did you know that in agriculture, genomics enables farmers to
accelerate and improve the efficiency of plant and animal breeding
practices that have been in use for thousands of years?

Genomics is the study of all the genes found in an organism and how
they interact with each other to influence growth and development.
The main difference between genomics and genetics is that genetics
may look at a single gene, but genomics looks at all genes and how
they interact to influence growth and development of an organism.
Genetics is the study of the variation of individual genes and

their role in the way that traits or conditions are passed from one
generation to the next.

The ability to read genome sequences — the order of genesin an
organism — coupled with technologies that introduce new genes
or gene changes allows us to speed up the process of selecting
desirable traits in plants and animals.

Why do you think genomics is
considered an advancement from the

science of genetics?
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Imagine that you were a farmer thousands of years ago. If you
found a couple of plants that were more productive than others,
and you needed more food, you might experiment to see if you
could combine — or cross-breed — those two plants to get better
seeds for a better yield or seeds that could survive during difficult
weather conditions.

If you were successful and planted those seeds, and then in future
generations chose even more productive plants to breed together,
over time most of the plants in your field would be more productive
and ineffective genes eliminated. This is called selective breeding.

From Mendel's experiments with peas, scientists learned that
plants have genes that influence their traits, such as height, seed
shape and color. Mendel's work provided the foundation for the
science of genetics.

The dairy sector is using genomics to identify animals that are more
efficient in digesting certain plant foods and better able to respond
to disease. Once feed efficient animals are identified, the farmer can
manage animals based on their genome. In addition, researching
digestibility of different plant species could help improve efficiency,
increasing milk production and environmental sustainability.

Fast forward to genome sequencing. Genome sequencing is part

of genomics. It involves mapping out all the individual genes that
make up an organism’s

m Species vs. breeds

38 recorded species and 8 774
breeds of domesticated animals

are used in agriculture and food
production.

The “big five” livestock species
are: dairy and beef cattle, sheep,
chickens, goats and pigs — they are
widely distributed across the world
and have particularly large global
populations.

Breeds are distinct populations
within species.

7718 are local breeds (reported by
one country only) and only 1056 are

transboundary breeds.

FAO (2016). Genetic diversity of livestock can help
feed a hotter, harsher world. Food and Agriculture
Organization of the United Nations: Online. www.fao.
org/news/story/en/item/380661/icode/

DNA. However,

genome sequencing
goes beyond mapping
because it identifies
the order that the genes
occurin the sequence.

With genome
sequencing, we

can now find specific
variantsin genes that
contribute to desirable
traits, such as tolerance
for drought or over-
watering, and select for
those genomic variants

in future crops.
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Food and Agriculture Organization (2016). Infographic: How are our livestock breeds doing? United Nations: Online. www.fao.org/fileadmin/
user_upload/newsroom/images/status-worlds-domestic-animal-breeds-fao.jpg
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Genome sequencing is also used with livestock breeding. For
example, scientists in Brazil use genomics to characterize specific
sequences in hundreds of bulls at a time. This is allowing them to
select for increased meat production and improve pasture feeding,
which reduces the need for grain. They hope that this will lead to
animals that grow faster, require less land to grow and convert
grass to meat in a more sustainable manner over time.

There are genome sequencing projects in Alberta as well. Genome
Alberta funds genome sequencing research projects in livestock.
Advances in gene sequencing have given these researchers the
ability to quickly identify where genes are located on the cellular
level.

genome modification and selection for desirable traits

The ability to read genome sequences combined with technologies
that introduce new genes or gene changes now allow farmers to
speed up the ability to select for desirable traits in their plants and
animals. By mimicking natural processes, scientists can selectively
add traits like resistance to herbicides in plants. The resulting
offspring have been called genetically modified organisms (GMOs).

In natural processes, genetic mutations can occur. A genetic
mutation is a change that occurs in the DNA sequence, either due to
heredity or as the result of environmental factors. A gene is present
but altered in some way. Mutations contribute to genetic variation
within species.

As the human population on earth grows, the need for secure food
supplies and delivery also increases. To meet these demands,
farmers continue to use and explore genomic technologies.
These include genome monitoring during conventional breeding
or genomic modifications with older or newer technologies, like
genome editing.

At the same time, scientists continue to sequence the genomes of
more and more crops, teaching us about differences among them
related to their DNA.

Adapted from Genomics is empowering farmers to improve the food supply. National Human Genome Research
Institute: Agriculture: Online. www.genome.gov/27570934/april-Tl-agriculture/
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Why we are sequencing
genomes of Canadian

species

The genome determines many of

an organism'’s characteristics and
inherited traits, diseases it may be
susceptible to and even provides an
archive of historical information about
an organism and its species.

As part of Canada’s 150th birthday, a
group of scientists at the University
of Toronto started the Canada 150
Sequencing Initiative (CanSeq150).
This initiative is sequencing the
genomes of Canada’s iconic species,
including the beaver, grizzly, jay and
lynx. Sequencing these organisms
allows scientists to investigate

their population structure, genetic
variations and demographic

events, begin to understand gene
functionality, identify areas of
vulnerability to disease and learn what
might be impacting a species’ ability
to thrive, especially in the face of a
warming climate and rapidly changing
environments.

How could genome sequencing of
Canadian species be used to benefit

agriculture?
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