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	Standard:  
8.MS-LS3-1. Develop and use a model to describe that structural changes to genes (mutations) may or may not result in changes to proteins, and if there are changes to proteins there may be harmful, beneficial, or neutral changes to traits. 
8.MS-LS4-4. Use a model to describe the process of natural selection, in which genetic variations of some traits in a population increase some individuals’ likelihood of surviving and reproducing in a changing environment. Provide evidence that natural selection occurs over many generations.
	Big Idea:
Random mutations increase diversity in gene pools.
Some genes let living things survive and reproduce better than others.
These genes are passed on to offspring and thus become more common in gene pools.

	Point:  
How do beneficial mutations affect the gene pool?
Organisms that have beneficial mutations are likely to survive, reproduce and pass their genes along to the next generation. Therefore, the quantity of that mutation in the gene pool will go up over time. 

Practice: 
Analyze and interpret data
They will analyze population data from a simulation of rabbits.


	Vocab:
Review: harmful, mutations, survive, reproduce, offspring, inherit, species, population, gene pool
New: beneficial

Materials:
For the teacher:
Set up computer with Phet Natural Selection simulation
· Choose lab.
· Choose arctic (snowflake icon)
· Add a mate.
· Let them reproduce until there are about 8 rabbits.
· Choose tough food
· Press pause
· Switch to proportion rather than population


	Misconceptions:
Student often describe evolution as though an organism wants to get better.  This is problematic in a bunch of ways.  First, if organisms change in their lifetime, they do not pass those traits on to the next generation.  Second, organisms cannot intentionally change the genes that go into their gametes.  They cannot wish for mutations to happen.  Mutations happen totally randomly.  

For many years, we have been saying that organisms with beneficial traits survive and reproduce. This year, we need to add on, and pass that trait down to their offspring.
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	Slate (10 min)
Week 13, slides 4-6


	Do Now (4 min)
1. In a field of sunflowers, a single sunflower plant received a mutation that changed it from growing 2 meters tall, to only 1 meter. How could this mutation impact the sunflowers’ gene pool?
· The sunflower with this new allele might happen to survive, in which case, it will pass this gene onto its offspring, but in the long-term, being shorter would make it harder to get sun and perform photosynthesis. So organisms with this allele will be more likely to die and the gene will eventually disappear from the gene pool.


	Intro to the lesson (1 min)
2. Yesterday, we figured out that when harmful mutations enter the gene pool, organisms with that gene will die off and it will disappear from the gene pool. Today we will figure out how beneficial mutations affect the gene pool. 


	Rabbit simulation (20 min)
Like yesterday, we will be using the PHET rabbit/wolf simulator. Today, our brave bunnies will be faced with TOUGH FOOD! There are three possible mutations we can introduce to our bunny-guinea-pigs: color, ear type, and teeth length. In nature, these mutations come up RANDOMLY. The rabbits (1) can’t make a mutation happen and (2) can’t choose which trait changes. 

Which of these three mutations, if it occurs, would be most beneficial to the rabbit population? 
· Accept all reasonable answers. 
· Then run the demo three times to show the impact of each mutation upon the population. You have to choose the mutation under the DOMINANT column for this to work.
· Another thing we tried was having them roll a die to see if the mutation was going to show up. This emphasizes the randomness.  
· For each trial, allow the bunny population to increase to about 10-20 before introducing the mutation. It will have a more clear impact (if you don’t, you may see your mutated bunny die off, which you could also talk about!).

Which of the mutations was most beneficial? How do you know? 
· Longer teeth mutation is more beneficial because they have an easier time eating the tough food. 
· We know it is beneficial because it was passed down more often than the normal rabbit teeth. This made it become prevalent in the gene pool, eventually becoming the most frequent trait in the gene pool.

What would happen to the short toothed rabbit population over a longer period of time? 
· They will eventually be bred out, or die off!

What are the limitations of this simulation? How is it different than a real rabbit population?
· Small gene pool 
· Single gene trait. 

How did these affect what we looked at today? 
· We are using a VERY small gene pool.  So we see a beneficial mutation spread really, really quickly.  
· We are assuming that a trait is controlled by a single gene, which is often not true.  In a larger population and with multiple genes getting mutations to make a noticeable trait change, the process of that trait spreading through a whole population will take a very long time.

Were we able to predict what would happen with the rabbits with the long teeth?
· Yes. The mutation is beneficial, so it will become more and more common in the gene pool.

Unlike the mutation itself, the spread of this mutation is NOT random. It is totally predictable. Tough teeth rabbits survive better because there is tough food.


	Notes (10 min)
3. Finish this note. If a beneficial mutation is introduced to the gene pool…
· The organisms with the beneficial mutation will survive better, reproduce and pass that mutation down to offspring. The beneficial mutation will become more and more common in the gene pool.
· This one is longer. Show student work. Write a list of concepts (in a word or phrase) that are must-haves in this note. Give students time to fix up their own notes to get these concepts in.

4. What you just wrote as a note is basically what our big idea is for this unit. 
Random mutations increase diversity in gene pools.
Some genes let living things survive and reproduce better than others.
These genes are passed down to offspring and thus become more common in gene pools.


	Bone density (10 min)
5. Scientists have determined that at some point millions of years ago, an early human underwent a mutation that made his/her bones stronger. Would you consider this a neutral, beneficial, or harmful mutation? Turn and talk. 
· Obviously this is a beneficial mutation, so push students to explain the WHY! It’s beneficial because that human has better chances of surviving and reproducing. Be wary of students who think this is a neutral mutation because it isn’t visible, not all mutations are.

Do you think this human made this mutation happen by eating healthy and staying active? 
Nope! He can’t change his genes like that. Mutations are random!

How did humanity’s gene pool change with this mutation? 
· It became more diverse because now a human has a different bone density than others.

 Is it more likely, more unlikely, or impossible that the mutated human would pass on their mutation onto the next generation compared to an average human at that time?  
· More likely because that human is more likely to survive and reproduce due to their greater bone density. Make sure students make that clear connection between the mutation and likelihood.

As it turns out, the majority of humans living today have this mutation in their DNA! 


	Explain the diagram (5 min)
6. How is this graph different than for harmful mutations?
· In this graph, the mutation became more and more common over time.
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