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General Overview
This discrepant event involves the differentiation of genotype and phenotype in herbicide resistant canola. It is introduced as a story about a farmer with a field of canola. The farmer finds that when the field is sprayed with a herbicide to control the weeds, some of the canola plants die, an occurrence which was not the farmer’s intent. The discrepancy lies in the genotype and phenotype of the canola.

The event has been written for Senior 1 science students, but with some adaptation could be used in other settings. 

Specific Learning Outcomes
The event would fit well in Senior 1 Science, Cluster 1 (Reproduction). In particular it targets SLO S1-1-12, (differentiate between dominant and recessive genes; include genotype and phenotype). SLO-1-13 (describe the relationships among DNA, chromosomes, genes, and the expression of traits) is partially covered. GLOs D1 and D2 are also addressed.
There is potential for GLO B1 to be addressed if the teaching/learning extends to talking about herbicide use, plant breeding and/or genetically modified organisms. 
Cluster 0 Outcomes that could be addressed are S1-0-3a, 7a, 7e and 8b.

This discrepant event could also be used in Senior 3 science (Current Topics in the Sciences) as part of a unit on biotechnology and sustainability or biodiversity and sustainability. In addition it could be used in Senior 4 Biology as part of the Genetics - Understanding Biological Inheritance cluster.
Assumptions

Students will have learned about asexual and sexual reproduction in plants (S1-1-03). They will have covered mitotic cell division (S1-1-01) and meiosis and the production of male and female gametes in plants and animals (S1-1-05, 06, 09).
Materials Required for Presentation

Tray filled with soil-less mix and canola plants; equal numbers of genetically modified (glyphosate resistant) and non-modified (non-resistant) canola plants are required. programmes. 
Watering can (not essential)
Play tractors (not essential)
Cloth to cover half the tray

Other Materials Required Prior to Presentation

Glyphosate
Fume hood for safely spraying glyphosate on plants
Time: the seeds must be planted 3 weeks prior to the presentation of the event to allow sufficient time for plant growth (2 weeks), spraying and plant death (5-7 days).
Background

Genotype and phenotype are essential genetic terms. The phenotype is the visible expression of the genotype and can be affected by the environment. The genotype is the genetic code or genes inherited from parental material (RR, Rr, rr). Alleles are different forms of the same gene that make up the genotype (R, r). For the purposes of this cluster only dominant and recessive traits will be considered (not co-dominance, multiple gene effects). The herbicide tolerant canola used in this event is a genetically pure line of canola (homozygous for all genes) that has been created through the use of genetic engineering. It is a good example of an environmental effect on phenotype because the trait will not show up if the environmental conditions (herbicide) are not met. [It is important to note that genetically modified canola is not required for this event. There are varieties of herbicide resistant canola that have been produced through more conventional breeding.] Further lessons would include the use of punnett squares to predict the genotype and phenotype for offspring of two parents, given the genotype of the parents. 

Possible Script for the Event (will depend on student’s previous knowledge)

The event is presented as a story. Teacher questions and statements are denoted in quotes. Expected replies are in bold. Extra information is in italics.
‘I have a story to tell you about a farmer and some weeds. The farmer was growing a crop.’ (indicate tray of canola plants) ‘What do you notice about the crop?’
-nothing, looks normal, has 4 leaves, etc.

‘The farmer decided to spray the field with a chemical that kills weeds; a herbicide. After about 5 days the farmer came back to inspect the field. What do you think the farmer expected to see?’

-no change, dead weeds, everything dead
‘The farmer noticed that the weeds were dead but also saw this.’ Uncover the remaining half of the tray to reveal one row of healthy canola plants and one row of dead canola plants. ‘What happened here?’

-some of the plants died, half of the plants died 
I may need to point out that there were no other external influences (animals) on the crop.
‘Why did half of the farmer’s plants die?’ 
-they were different from the other plants, some of the plants could survive the herbicide
‘But the plants looked the same. How can they be different? What is the difference between these plants and these plants?’
-their genes/DNA are/is different, something inside is different
‘That’s right. Their genes or genetic make up is different. But they look alike, until they are sprayed with the herbicide. What is the genetic make up of something called?’ 

-someone might say genotype, but they may think of genetic traits instead or nothing at all; any of these are reasonable answers and can be explored
‘It’s called the genotype. The genotype is the combination of genetic information that the plant receives from its parents.’ Write this on the board.

‘Where is the genetic information contained?’ 
-in cells, in the nucleus, on the chromosomes. Add this information to the definition.
‘Let’s go back to the canola plants. Do you think these plants have the same genotype?’ (refer to living and dead plants) 
-no
‘How do we know that?’ 
-one kind didn’t survive the herbicide
‘So the genotype of the plants has caused the plants to react in different ways to the herbicide. Is that true?’ 
-yes
‘Would you say this is a visible is a product of the genotype?’ 
-yes, no, somewhat
‘What other factor/s are involved here? What else affected these plants? What else caused some to die?’ 

-the herbicide
‘So we changed the growing conditions or the environment that the plants were growing in. Is that true?’ 
-yes
‘Okay, so the plants visible appearance was affected by two things. They are the…’

-genotype, the environment
‘Do they act independently?’

-no, they interact
‘This is called the phenotype.’ (write the definition on the board)

‘The phenotype of the canola plants is the visible properties that are produced by the interaction of the genotype and the environment. Why is it an interaction?’ 
-because you wouldn’t see the true phenotype without one or the other
‘So if the farmer decided to spray another field of canola and some of the canola plants died what might we conclude?’ 
-that the genotype of the plants is different
‘Great, so does anyone know what this genotype/phenotype is? Has anyone seen it or heard of it before?’ 
-yes, no depending on school setting and students; rural students will probably know the trait is herbicide resistance
‘This is a genetic trait called herbicide resistance. Can you think of some other genetic traits? They don’t have to involve plants.’ 
-hundreds of possible answers Write these on the board
‘Where do we find the genes for genetic traits?’

-in cells, on chromosomes Draw 2 similar chromosomes on the board or overhead, under the headings Parent 1 and Parent 2.
‘For this genetic trait let’s assume that the gene is called R for resistance to the herbicide. If the plant is resistant to the herbicide, the gene looks like this R. If the plant is not resistant to the herbicide the gene looks like this r. Write R – resistant and r – not resistant on the board. So R and r are different forms of the same…’  
-gene
‘…Resistant and not resistant. Different forms of the same gene are called alleles.’ Write this definition on the board. ‘Let’s consider these plants. Do they get their genetic material from the male or the female parent?’

-both

‘If both parents of these canola plants donate an R allele, what would the genotype look like?’ Mark a circle on each chromosome and label them R. This may help students identify the answer. If they have trouble with this, I can remind them that each parent donates an equal amount of chromosomes to its offspring. The chromosomes pair up after fertilization.
-RR

‘What is the phenotype for RR?’ Draw a table on the board with 2 columns. In one column write RR, Rr and rr.
-herbicide resistant Write this beside the corresponding genotype on the table.
‘If both parents donated an r allele, what would the genotype look like?’

-rr
 ‘What is the phenotype for rr?’

-not resistant Write this beside the corresponding genotype on the table.
‘If one parent donated the R allele and the other parent donated an r allele, what would the genotype look like?’ Draw the chromosomes again with an R on one and an r on the other.
-Rr 

 ‘What would the phenotype be for Rr?’

-herbicide resistant but they probably won’t  get this answer
‘Herbicide resistance is a dominant trait. When the R allele is present, the phenotype will be resistant. So if R is called dominant what do you think r is called?’

-non-dominant, recessive…
‘It’s called recessive.’ Write this on the board. ‘These are the two forms this gene can have, dominant and recessive. If the dominant allele is present in the genotype, the dominant trait will show up in the phenotype, even if the recessive allele is also present. So what is the phenotype for Rr?’
-resistant

‘Why?’

-because it’s a dominant trait
‘So if we go back to the farmer’s plants, what would the genotype be for these plants?’ Indicate resistant, living plants.
-Rr or RR

‘What would the genotype be for these plants?’ Indicate the dead plants.
-rr
‘Great.’ 
Disequilibrium

The discrepancy in this event is that most students will expect the canola to survive the herbicide treatment. Some may expect all of the canola to die; few if any, will expect some of the canola to survive and some not to survive. It causes disequilibrium because most students will assume that because the plants look alike they should react to their environment in similar ways. Students will likely be puzzled regarding why some of the canola died. This provides the setting for talking about genotype and phenotype.

Thanks to Lyle Friesen for his assistance in preparing the canola plants.

Thanks to Daniel Van Acker for the use of his toy tractor and sprayer.
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