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We care for seeds because
 they have always cared for us

Seed Acknowledgement



● Genes are a basic unit of heredity

● Genes act like a bank of information to 
build, and maintain cells

● Genes are sequences of DNA or RNA

Genes



Alleles

● Alleles are a variant of a gene

● Individuals inherit two alleles for each 
gene, one from each parent



● The two alleles (letter size) are the 

same, we call this homozygous

- Ex. RR or rr

● The two alleles (letter size) are 

different, we call this heterozygous

- Ex. Rr

Can you spot the difference between 

incomplete and complete dominance?

Homozygous vs Heterozygous



Dominant vs Recessive

Dominant: Expressed even when paired 

with recessive allele (Capital letters)

Recessive: Only expressed when paired 

with another recessive allele (lowercase 

letters)Image Credit: 
https://study.com/academy/lesson/genotypic-frequen
cy-definition-lesson-quiz.html



Phenotype vs Genotype

● Genotype: The genetic makeup of an 

organism (what we don’t see)

- Ex. Bb, BB, bb

● Phenotype: The physical appearance 

of an organism (what we see)

- Ex. purple flowers or white flowers



Mendel’s Laws of Heredity

2. The Law of Independent 
Assortment

Traits are passed independently of 
each other. 

Here we see the trait Rr, denoting 
round or wrinkled which moves 
independently from the trait Yy, 
denoting yellow or green colouring.



Mendel’s Laws of Heredity

3. The Law of Dominance

The recessive allele is only expressed when 
paired with another recessive allele except in 
the case of incomplete dominance

Image Credit: 
https://study.com/academy/lesson/genot
ypic-frequency-definition-lesson-quiz.ht
ml



Why Is This Important: Genetic Erosion

What is genetic erosion? Decline in genetic 
variation in cultivated or natural populations 
largely due to human action. 

We need to know the genetics we have in order 
to prevent loss of these genetics.

Genetic erosion occurs due to:

- Natural factors (survival of the fittest)
- Actions of crop producers and general 

public to choose only certain popular 
varieties

- Actions of plant breeders getting rid of 
certain genetic traits

- Lack of germplasm conservation



GMOs: When Would They Be Needed?

What happens when we can’t find a needed 
gene in a plant species? What if genetic erosion 
has caused a species to lose an important gene 
such as disease resistance? 

● We can use biotechnology to introduce a 
gene from another organism (transgenesis)

(Please note: genetic erosion is often caused by 
growing predominantly GMO species over open 
pollinated varieties) 



GMOs: When Would They Be Needed?

What if we can’t get a needed gene from one plant to another without uptaking 
other less desirable genes? When might that happen?

- Depending on where the gene is found along a chromosome, it can be 
difficult to isolate it from nearby genes. For example, if you’re breeding an 
orange tomato and trying to insert a gene for insect resistance but that 
gene is only in red tomatoes, it might be that the gene for insect 
resistance is too close to the gene for red colouring, therefore through 
conventional breeding it can be near impossible to isolate that insect 
resistant gene and introduce it to an orange tomato (cisgenesis)



GMOs: How Do They Work

How do we insert a gene into another plant? How are GMOs created?

GMO = Genetically Modified Organism

1. Identify a gene you would like to introduce 
- If this gene is taken from the same plant species we call this cisgenesis 
- If this gene is taken from another organism we call this transgenesis 

Transgenic GMOs may contain genes from other plant species, bacteria, or 
animals. They would never occur in nature.



GMOs: How Do They Work

2. Introduce the gene to the desired plant

- The original method of genetic engineering plants used a plant virus called 
Agrobacterium tumeficiens 

- Another method is to introduce the desired DNA by microparticle gun 
bombardment, where particles of gold, tungsten or platinum are coated with 
DNA then fired into plant particles. Then these plant cells are grown to full 
plants using plant tissue culture

- A revolutionary technology called CRISPR-Cas9 is the newest method of 
gene editing and is very precise



GMOs: CRISPR-Cas9 Technology

CRISPR-Cas9: How does it work?

1. Create a complementary strand of RNA 
that will bind to your target gene sequence

2. Use the protein Cas9 to cut DNA at a 
certain gene dictated by the guide RNA

3. At this point the DNA will naturally respond 
to repair the DNA break, at this point you 
can use a DNA template to insert new 
DNA or a specific section of DNA.

Image Credit: 
https://www.labiotech.eu/in-de
pth/crispr-cas9-review-gene-e
diting-tool/



GMOs: The Upside and Downside

Almost all GMO crops of the Canadian market are genetically modified to be 
herbicide resistant (mostly for spraying glyphosate). This allows farmers to spray 
their fields with herbicides, kill all the weeds, and harvest their crop. 

Some problems with GMOs:
- The rise of superweeds, weeds that are resistant to herbicides
- The possibility of gene transfer to wild counterparts
- Contributes to corporate control of seeds
- Doesn’t contribute useful plant genetics for small-scale farmers and 

gardeners

Potential upsides of GMOs:
- Increased nutritional value, drought tolerance, higher yields, etc.



Source: ETC Group, 2011



Genetic Terms

Gene: Sequence of genetic material (DNA or RNA) that encodes for RNA and 
proteins. These proteins form visible traits

Allele: A variant of a gene that can occur at a given location on a chromosome

Locus: Position on a chromosome where a gene is located

Homozygous: Two identical alleles at a given locus

Heterozygous: Two different alleles at a given locus

Phenotype: The part of a genetic code that we see externally

Genotype: The part of a genetic code that we don’t see visually

GMO: Genetically modified organism



Punnett Square Game

Print out the Punnett Square exercise 
with your students. Have them fill out 
all the Punnett Squares.



Frankenstein Plant Game

Print out the Frankenstein plant game 
and give every student a coin to toss. Get 
students to fill out the genotypes of the 
parents and then toss a coin to figure out 
the genotype of the offspring. At the end, 
have students draw their plant.


