Teaching genetics with cats and flies

Resources

cats.ppt 

teaching genetics with cats and flies.doc

cats.doc

genotypes.doc

Useful Links

http://ib.berkeley.edu/courses/ib162/Week3a.htm
http://www.siamese.mundikat.nl/subweb/siamese/genetics/genetics.htm
http://en.wikipedia.org/wiki/Cat_coat_genetics
Teaching notes for cats.ppt

Slide 1 – Introduction

This slide introduces the idea that cat coats demonstrate all the inheritance patterns needed on the specification.

Throughout the slideshow, key words that need to be defined in notes are in orange. 

Check that students understand and can describe the simple pattern of inheritance covered at GCSE. Click on the cat to jump to the animation stepping through the process and use it to remind about the number of alleles at each stage, meiosis and the random way that fertilisation produces offspring. Click on the arrow to jump back to slide 1. The sequence at the bottom of the slide gives a template for setting out a genetic diagram to be used whenever they get a 4 mark question to explain the probability that… Really push the last part – linking the genotypes and phenotypes when answering the question.

The - this and that example might create a bit of cognitive conflict since it doesn’t fit with simple dominance.

The side menu can be used to jump to specific examples but you can also work through the slides in the usual way, by clicking.

Slide 2 – Monohybrid Inheritance

Work through the notes with students either expanding printed notes pages or making their own notes. Make sure that each highlighted word has a definition in notes.

The example at the bottom explains the tabby patterning in cats. The tabby gene (M) has two alleles (M and m). The allele for mackerel pattern (narrow bands – cat on left) is dominant to the allele for classic patterning (blotched, broad bands – cat on right).

Work through an example genetic diagram (MM x mm) and then set students to explain the probability that a kitten would be a classic tabby from two heterozygous mackerel parents. Check that they are using the template.

Explain how a test cross can be used to determine the genotype of a cat with a dominant phenotype.

It is worth mentioning that throughout this I have simplified the inheritance where necessary and so I won’t mention a possible third allele (Abyssinian).

It might interest the students to mention that all cats of course have the tabby gene but its expression is only visible if they have a particular genotype for a second gene (agouti), which results in the patterning of each individual hair called ticking.

Use the genotype cards to ask all the classic tabbies to stand up or all the cats who are homozygous for the tabby gene etc.

At the end of each section suggest a set of clues to look for that might indicate the type of inheritance in a question e.g. Two parents with a feature produce offspring with a second phenotype. This will be consolidated when we look at family tree questions on human phenotypes.

Slide 3 – Incomplete or Co-dominance

The effect (expression) of one allele can be hidden by another (complete dominance) through the production of proteins by the alleles. Discuss a simple mechanism where the dominant allele produces a functional protein (e.g. a pigment, a transport protein that assists the transport of pigment from hair follicle cells or a protein that triggers the differentiation of pigment producing cells during the embryonic development in the uterus). The recessive allele produces a non-functional protein. So, both AA and Aa have enough of the functional protein but aa has none.

But what if Aa produces less of the protein (revision of transcription and translation) and this results in a different phenotype or, both A and a produce different functional proteins and the mixture results in a different phenotype.

The cat example is piebald spotting. SS produces patches of white with smaller patches of the main coat colour, ss produces no spotting while Ss produces an intermediate condition with bib and white paws.

Get students to explain the outcome if two cats with bibs produce kittens and suggest the likely proportions of each phenotype.

Use the phenotype cards and then get the students to suggest clues to spot this type of inheritance.

Slide 4 – Sex Linkage

What if a gene’s locus is on an animal’s sex chromosome? Remind students about the XX XY system and why it evolved. Give the difference in structure between and X and Y resulting in a different number of copies of some genes in males and females.

The example shows the dominant Orange allele (XO) and the recessive, non-orange allele (Xo). Explain that the dominant allele results in a pigment that masks the pigments produced by other coat colour genes. Explain the value of writing these alleles on X chromosomes and of making alleles look different (the O should be much bigger than the o). There might be value in suggesting a different letter (e.g. G) but remind students that they must use letters if they are given them in a question.

Give a worked example explaining why a homozygous ginger female and a black (or some other colour) male will always produce ginger males but a mixture of females.

If you are feeling brave, now is the time to explain why heterozygous ginger females are actually tortoiseshell.

Slide 5 – Multiple alleles

If an original gene mutates to produce an allele (which could be dominant or recessive to the original), it can and does happen more than once. A series of alleles all at the same locus can have a hierarchy of dominance including co-dominance. This is a good example of the skill of “using the information in the question”.

Describe the three alleles for the B coat colour gene.

B = black, b = brown (chocolate), bl = light brown (cinnamon). B > b > bl.

What could the litter of two heterozygous black cats look like?

Explain how the litter of two black cats could include black, brown (cat on right) and light brown (bottom cat) kittens and give the probability that any one kitten might be light brown?

Keep using the phenotype cards and suggest how to spot multiple alleles in a question (e.g. similarities and differences between this system and co-dominance).

Slide 6 and 7 – Dihybrid Inheritance

Point out that most features are the result of more than one gene. The simplest case is two genes but it is normal for features to be controlled by many genes. Remind students about features that show continuous variation.

The two examples on slide 6 and 7 show a simpler pattern where the two genes give different phenotypes but don’t interact and then a more complex interaction (epistasis).

Slide 6 shows a mackerel, ginger male cat. What is its genotype? Show how the two pairs of alleles are organised. Remind students to stick to the rule that every individual has 2 of every allele and every gamete has 1 of every allele.

Work through an example showing how to produce the punnett square.

e.g. 

MMXoY
x
mmXOXO



mackerel

classic



black


ginger



male


female

Challenge the students to work out the results of a cross between two of the offspring.

Slide 7 shows a white cat as well as black and chocolate coloured explained on slide 5.

The two genes are – Black (B and b) and White (W and w).

The Black gene is responsible for the production of pigments. The white gene prevents the production of pigments by blocking the development of pigment producing cells.

WW BB, WWBb, WWbb, Ww BB, WwBb, and Wwbb are all white.

ww BB and wwBb is black.

wwbb is chocolate.

What will a cat breeder expect if he breeds a chocolate cat with a White cat? Ask each student to come up with the answer for a different white genotype.

It might interest some that since the cochlea contains some specialised melanocytes, deafness is linked to white coat colour in cats.

Slide 8 – Guess the parent

The top picture shows black, ginger and tortoiseshell mackerel tabbies.

MMXOXo, MmXOXo = tortoiseshell mackerel female

MMXoXo, MmXoXo, MMXoY, MmXoY = black females or males

MMXOXO, MmXOXO = ginger female

MMXOY, MmXOY = ginger male

Assuming that there are ginger males and females, what could the parental phenotype and genotype be? You would need to sex all the kittens to be sure so just look for genotypes that work.

The second picture shows white, pointed Siamese kittens. The aim here is to see if the students can deduce that the parents are likely to have been true-breeding for the genes involved. If you want to do the whole thing…

Cs is the allele resulting in pointing – it is recessive to C which results in full coat colour.

W is the dominant white allele described above.

You cannot tell which alleles are at the Black gene locus because they are masked by the W allele.

So, the parents could be WWCsCs 

You could use the connection with deafness to talk about inbreeding’s effects on animal health but check if you have any dog or cat breeders in the class first.

Slide 9 – Other Stuff

This optional slide has a few other features that present interesting patterns of inheritance.

Tortoiseshell – The solution to females having twice the number of some genes compared to males by randomly disabling one of the X chromosomes in each cell early on in embryonic development.

Albino (the result of the homozygous recessive cc). You could use this to suggest the effect of an enzyme early in the sequence of chemical reaction producing pigment.

Pointing – this is an example of environmental interaction. The pointing allele is temperature dependant; it is only expressed in melanocytes that are below normal body temperature hence the colouring at the extremities.

The bottom three cats introduce the cats written task (cats.doc).

Follow up work

Students carry out the drosophila investigation (see flies.ppt) for information on how to set up and run an investigation. Go through vestigial as a whole class demonstration and then students investigate the other 3 sets of features.

Human inheritance task (human_inheritance.doc) applies the principles introduced with cats to human inheritance examples.

There are a number of example genetics questions from examPro and powerPoints with examples of family tree type questions.

