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Biology Lesson One: When genes do not determine what cells look like


Aim

We are very used to thinking that there is a close relationship between the genes an organism has (its genotype) and its appearance (its phenotype). And yet, for a multicellular organism almost all the various cell types it has have the same genes despite looking very different. This lesson gets students to appreciate this and to think about its implications.


Suggested content (to be adapted as appropriate for the specific learners/class being taught)

Remind students that each of us starts from one fertilised cell which then divides (by mitosis) to form genetically identical daughter cells. However, this raises a question. If all these cells have the same DNA, how come they look so different? How come we end up with nerve cells and muscle cells and skin cells instead of all cells looking the same? Get students to think about this problem in small groups and see if they can come up with any ideas. It may be that some of them suggest that perhaps not all the genes in a cell actually do anything – this is the correct answer. Different cell types have different genes working so that, for example, muscle cells make different proteins to nerve cells.

Show students a video about cell specialisation / differentiation. One good one is the Khan Academy one at  https://www.khanacademy.org/test-prep/mcat/cells/cellular-development/v/cellular-specialization-differentiation. This last 8 min 30s; you may want to stop it after 5 minutes before it gets onto transcription factors (which are really A level). 

After students have watched the video, you may want to get them to talk about it.

Then get students to imagine that a (very simple!) species of organisms has just two genes, which we can call A and B. On a whiteboard/similar, help them to see that in principle this species could have three different types of cells: ones where both gene A and gene B were switched on, ones where only gene A was switched on and ones where only gene B was switched on.

Now get students in pairs or small groups to see if they can work out how cell types a species with three genes (A, B and C) could have. The answer is seven: ABC, AB, AC, BC, A, B, C.

Now get students to see if they can work out how cell types a species with four genes (A, B C and D) could have. The answer is 15: ABCD, ABC, ABD, ACD, BCD, AB, AC, AD, BC, BD, CD, A, B, C, D.

Help students to realise that in principle the number of possible cell types increases rapidly as the number of genes increases (humans have around 20,000-25,000 genes). There is no need for student to be able to express this relationship quantitatively (though a student who is keen on mathematics might be able to work out a formula). 

If students want to know how cells start to differentiate, tell them that biologists are still not entirely certain but it seems that as the fertilised egg divides, asymmetries start to develop and then various chemicals become unevenly distributed among the dividing cells. Depending on how much of these chemicals a cell has, some of the genes in the cell are turned off and others are turned on. In this way, cells start to specialise.

Get students to look at some examples of different cell types – e.g. skeletal muscles cells, nerve cells, skin cells. You may have microscope slides of such tissues. If not, photomicrographs are widely available on the internet. Students might like to know that humans only have about 200 different cell types.
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