

*****************************************
INSTR. HAYLEY KELLAM: Hello. Good afternoon, everyone, we are going to get started on quiz 2. Everything should go away except a pen pencil or in this case a calculator. Ideally make sure it's non-programmable with your phones. If you forgot a calculator I do have a couple of them up at the front. If you need a calculator for a question put your hands up I'll bring it over and then when you are done the question put your hand up again I'll grab it I don't have enough for everyone. When please no calculator sharing. I cannot trust that you have left the answer in there so please don't pass it to others. I'm going to pass out the exams and I will throw up a timer on the board. Please pass them down. Put your name at the front. If you have questions you are also please put up your hand and I will try my best to
answer them. Please put up your hand if you did not get one. Formulas as promised are up on the board. I notice one error on question 5 it's not technically an error, the question says the graph shows the loss of ...	Population of fruit flies may contain 4 males and 4 females... should be 8 and 8 if you ran the experiment again say it's 12 and 4. I'm not worried about the numbers, I'm worried about the general trend. Five minute warning. Five minutes left. I'm going to right the correct numbers up on the board. So the original says 4, 4, 6 and 2. These should be double. 8, 8,
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12, 4. I'm interested in the ratios. The calculation doesn't matter that much. Two more minutes. Two minutes. One final minute. Please finish up whichever sentence you are working on. Hands down, pass them our direction. This way. Make sure they all make their way to us. Lovely.
Okay. Shall we look over some answers. Question 1, if a population is not in Hardy-Weinberg equilibrium then it is evolving. True false? So I would say true if I also say it's evolving or there is non-random mating. So remember there's four requirements for Hardy-Weinberg, the four causes of evolution and non-random mating I put this on there as a not very much true false one of the major misconceptions coning out of that unnecessary genetic selection. If a locus has two alleles and P equals .75 the chance of one ...
Reading ...	This is true.
So due to direct that is your proportion. Fill in the blanks allele frequencies will reach equilibrium in the Island model if M equals blank or PM equals blank. You can get these two ways if you remember the two assumptions under which you get equilibrium you would have remember if migration stops if M equals zero or if the allele frequencies on the Mainland or the same on the island. The other way you can do this if you are a math person you can look at our equation for the Island model say p after certain time r is equal to pr now and if you set which things up so if you set
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this equal to this you end up getting no change, also if you set M to zero you get no change. So the answer I was looking for is M equals zero, PM equals Pr. ...	Reading... migration was the one that was increasing the proportion of banded snakes and selection was increasing the proportion of unbanded snakes.
What are micro satellites we talked about them in multiple lectures. These are short repeats generally of non-coding DNA multiple ...	So as long as you got most of those things you should be good. Math time, all right.
Hardy-Weinberg, let's do a split screen. One time I tell myself I will not test it out ahead of time. So if population of diploid geese are in Hardy-Weinberg equilibrium and 16 percent of the population is homozygote dominant for and allele they are aa. I drew a lovely goose for you. None of you get to see it. I'm going to do it on the board. So if now it's upsidedown. So the equation that you would have seen that is now broken on that side is for Hardy-Weinberg we have P squared plus 2PQ plus q squared is equal to 1. This is our Hardy-Weinberg number so p squared is the proportion of AA. You could also set it to q it doesn't matter. If the proportion of AAs in the population is equal to as proportion
.16 this is equal to p squared. So to end up with p you need to square root. So hopefully you all found the square root in your particular calculator I have to go into my phone in



scientific mode to get myself square root so my p is equal to
.4 so now you need to find out q, q you can get by either taking I have .4 so you can figure out p plus q there's only two alleles so q is going to be .6. Then to figure out this is kind of a quarter of a grade, this is a quarter of a grade. Then you need to figure out my heterozygotes this is my two pq this is 2 times 4 times 6 which is going to be --that is going to be equal to 0.48. Then I wanted that as a percentage. So 48 percent. 48 percent of my population are heterosexuals. That is a lot of part marks.
All right. The one that I messed up the map on. Yes question.
STUDENT: [INAUDIBLE] ...
INSTR. HAYLEY KELLAM: Here is your chance that your allele is a heterozygote, I am not sure if the math works out the same which if you got to the same answer a different way and it works then yeah, I will look into that after. Circle the best answer this graph shows the loss of heterozygosity due to direct. In this experiment we were talking about loss of heterozygosity due to drift... the thing to remember it was there was an equation up on the board of how you end up with a different effective population size when the ratio of males to females is off. More dramatic that ratio is the smaller your effective population size. Smaller effective population size greater effective drift, so if you have this is your



actual data original experiment you would expect loss of heterozygosity to be faster. And then lastly matching up so dominance is interaction single low side epistasis is interactions between different low side plus ... [Inaudible] any questions?
STUDENT: Question 1 was it true or false.
INSTR. HAYLEY KELLAM: The first one is false second one is true. STUDENT: [Inaudible].
INSTR. HAYLEY KELLAM: Totally fine. STUDENT: [Inaudible].
INSTR. HAYLEY KELLAM: I don't generally post them if you want to come see them I have them in my office.
STUDENT: [Inaudible].
INSTR. HAYLEY KELLAM: I don't know let's try it out. You are saying if you look at the island model. We have pr equals 1 minus mpr plus mpm. So you are saying if we set pr to .5 then will pr equal the change. Let's find out. So if we have 1 minus whatever my migration rate is multiplied by .5 plus our migration rate multiplied by pm are we going to end up with this being equal to .5. This is going to end up ...	Sorry?
STUDENT: [Inaudible].
INSTR. HAYLEY KELLAM: So but if we are setting pm to 0.5 then we are doing what we said before we were having them both be the same value. If you are saying that pm is 0.5. Then is pr the same. I don't think so. But I don't know so.



STUDENT: I think what he is saying pr 0.5pm is 0.5 equivalent is the exact same thing. Is he putting a number ...	[Inaudible].
STUDENT: Like the proportions of the two.
INSTR. HAYLEY KELLAM: I would say pr and qr is equal to 1 right. So p is the proportion allele A in a population of the Mainland so I would say pm plus pq equal 1 but I don't think you could say the same thing about pm or pr.
STUDENT: [Inaudible].
INSTR. HAYLEY KELLAM: So allele frequencies will reach equilibrium in the Island model if m is equal to blank or if pm is blank.
Thanks for bringing that up. I will put my goose and that to the side and write down pm equals 0.05 question mark and I will do math when all of you are not staring at me. Cool, so I am going to mic up. Any last questions of the quiz? As always if you want to fight me for marks happy to come see me in my office. Thank you for your feedback. Thanks for trying to puzzle it out.
So same image we want -- today we are discussing phylogenetics this is going to be a topic that we ended up going over for the rest of our next few lectures and after that you'll have your review and then your midterm. File genetic social security something you are familiar with today should be somewhat of a review with some kind of new terminology circled in. Phylo means tribe, genetic means the origin or development we can take a guesst a the origin of



particular tribes or what we are going to be talking about are taxa, how taxa arose or developed. Now the three main lectures we'll see if we can get through all of today's is roughly broken down into how we interpret trees how do we build and evaluate them and lastly how and when do we actually use them, why are they useful to us in evolution and biology.
Now, the first thing about taxonomy is there is a way to sort out how we got this amount of diversity. Base on the idea that everything is relate. So there is 8.7 I think I wrote that number up there the last time I taught this I am sure that is wrong because we are finding new species every single day especially in kind of under or emerging fields like if you fungi are crazy, so many beetles. Bacteria.
There has to be some sort of way for us as biologists to sort things out and figure out how things ...	This idea of phylogenetic trees is very closely coupled with the idea of
...	The reason I'm holding my the book that I wasn't and grab as soon as I graduated from here, is that in the origin of species with the consent modification idea came the idea of these relationships as trees. So back in 1837 before he ever published this there is this particular page from his notebook where you can see him puzzling out this idea of what the evolutionary tree might look like, famous image from his notebook where he has what looks like a phylogenetic tree



drawn out. He writes I think at the top and he said thus between A and B an immense gap of relation. So very far apart lot of different between them, C and B and the finest predation, very little differences and B and D rather great distinction thus general ...	You can see him puzzling through this interested of phylogenetic trees. Then when he goes on to public this little gem he ends up actually making a kind of more like elaborative version of the sort of tree here. And then goes on to explain as buds give rise by growth to fresh buddy and these... reading ...
scientists don't really talk but it's very flowery very treey. And this kind of metaphor of the way that a tree branches and takes up space is similar to how selection works. Some organisms will overtake others or same space.
Enough with the book. On to phylogenetic trees.
Hopefully some of these terms are a reminder for you. Here is a phylogenetic tree it shows you the ways that different in this case species are related to each other. You have the root so this is the base of the tree then you have branches branching out from what we call a node, that is a point where two branches branch out. Same with actual trees if any of you are botanists. From those nodes you have a division into two different branches at the end you end up with tips. Now the tips of phylogenetic trees can represent different things they could be alleles if you are looking at the population



genetics you are looking at the evolution of alleles, those can be your tips they can be genes in the case of gene ... They can be individuals. If you are looking at say your own family tree that is a phylogenetic tree, populations, how different populations spread out over geographical space specie or larger groups say we'll go through large groups in a second. The other term I'll point out is sister species if we are looking at a specie like this one the two most related are sister. Cannabis is sister species to HOPS which are the plant used in beer. Lot of the same aromatics located in the beer as in cannabis. One of the major misconceptions with phylogenetic trees is that the order along the list always designates the order in which they were close to each other. If you look at these trees lot of will say Jagarundi is close to the lion, around any of those nodes the branches can be flipped. This is hard to conceptualize into the space. It's easier to think of them as the mobiles you may have had as a kid where things spin. Around any of those points all of the branches within it can spin around. This is is it where we diverge from an actual tree.
So for example, I can take this tree and I can flip those that lower node around and this tree tells me the exact same information about the relatedness but now it seems like the snow leopard is more closely related to the Jagarundi, turns out all five of the ones at the bottom could end up on



kind of the top of that tier list depending how you flip. If you want some practice you can flip that tree around to get each of these five closest to kind of top of that sub-branch
Now, there are a bunch of different types of styles of trees some are cool some are really hard to read so I'll ask this to the class you have options A, B, C, D and E look through them. I'll ask first which one you think is easiest to read. Who thinks A, B, C, D, who thinks E. All right no one is unhinged. Great B is kind of the most common thing that you'll so in textbooks either oriented with the root of the bottom or the root generally on the left because in English at least we are used to seeing kind of things spread out and reading from left to right. Which one is the hardest? Let's try that who thinks A is the hardest, B, C, D, E? Yeah. I really like E from an idea of species radiating out you are starting simple and then things are just but it is a mess I'm going to make you practice in a bit to create one these. It does show information in other way.
Now, some notes is that no tree can show anything or every single piece of information. We don't have the paper. So a lot of the time clades or the tips or what is shown on a tree is often condensed. If you see a phylogenetic tree of birds they might not show you all sparrows, they might say sparrows they group those sparrows together. Now, let's do a little bit of tree practice one of these things is not like



the other. I'm going to give you a minute to look through these three trees one of them is an imposter tree telling you a different story. See if you can figure it out. You have an idea. Who thinks it's tree number 1? 23, yeah. If you look at tree number 3 you'll see that GH shows as being more closely related to A, B and C whereas on the other ones it's more closely related to D, E, F great work
Now, there's different styles of trees what you should ask when you are looking at a tree is what type of tree I'm looking at because they tell you different things we know that the branches are telling you which ones are more closely related to each other, there's different tree that is can give you different information on branch length. Now, the simplest tree that is you can possible get are what are called unrooted trees. These are trees where we don't know where the first branch happened. We know that things branched off from each other but we don't know where the root is. Next week we will he talk a lot about how to root these trees and basically you look at something that is more distantly related than A, B, CD E and E in this case you find F some other species more distantly related than the individuals you are looking at to find some way to root, figure out which of these branches happened first. A could have branched off from all of the other ones if we set the root here or maybe D and E branched off from all the other



ones first. There's different techniques we'll go over next week. The three main types of rooted trees the most simple one the one you see most often is what is called a cladogram. It tells you the least amount of information. All it tells you is the branching, tells you that B and C are most related to each other but the distance of these lines don't tell you anything. The most easy way to spot a cladogram from the others ones is that graphical designers from textbooks is going to space these out nicely so it looks easy to interpret. There are two other examples of these types of rooted trees where those branched lengths, in this case vertical axis means something. There's two different types of information you can put to deal with branch line. One of them is the amount of change so this is the amount of evolution usually in the figure it will tell you what that is measuring. So is it number of mutations at an allele is it number of actual phenotypic change that is is occurring at a particular organism. If I was trying to interpret this phylogram here, I was looking at B and C I would say since B and C diverge from each other it seems like C has undergone not a lot or any evolutionary change where B has undergone an amount of evolutionary change and then you don't know necessarily absolute values without looking at the figure but you can get an idea of ratios. So E has evolved almost twice as much as D since they part ed ways. Evolutionarily



speaking. A chronograph tells you time. Instead of you looking at the branch length as amount of change, what you will do is say very, very root is say that this whole root diverged away 10 million years ago then the root of the tree would be 10 million years the top would be the present and the amount of distance would tell you okay B and C and D and E separated from each other about the same time. So you can actually put a graph of years on this particular chronogram.
Say that I have this particular again like cat species tree and I decide that to make my slides more pretty I want to shorten the hinge bobcat and jagarundi line, I've taken this cut this and I've shortened it. Depending on what type of tree this is, that may have different consequences.
So if this is a cladogram in which the branch length means nothing it's a free for all I can do this. It doesn't change any of the information. If this was a phylogram where this means amount of evolutionary change, I have now done a bad thing I have now messed up my DNL where I'm saying there has been less evolution that occurred here as compared to here.
If this was a chronograph I've done a very bad thing to the lynx and bobcats they now extinct. They have not made it all the way to the present by saying this I'm saying jagarundi bobcat and lynx are no longer exist the end their tree their bud as Darwin would say got cut. Depending on what type of tree you have the branch lengths may not be important or be



very important depending on what they are telling you.
Now, when it comes to building these trees which is what we are going to do on Friday, it's important to look at certain especially if we are using phenotypic traits to first ask ourselves if these or homologous traits or analogous.
Homologous are useful for building trees because they are trait that is are similar in two organisms because they evolved from a common ancestor. The common ancestor had them, they were passed down to both species. Analogy is where things get messy. Analogous traits are system popular but that is due to something like conversion evolution. We also call this homoplastic traits. The traits can be similar but it's a red her ring because their common ancestor didn't have that trait they evolved them separately.
Bat limbs and our limbs the bones all of the fingers very much the same. And that particular shape we would call homologous because if you look at the ancestor of bats and us they would have also had those particular or general representation of bones. The length of them has obviously changed their function obviously changed but the bones themselves the order in which they are developmentally laid are homologous. If you look at flowers, I have some forget me knots and some or kids. Flowers are considered ...	If you look at confers, fir cones pine cones they are similar because they are common ancestor had cones and the last one



we don't often think about this photosynthesis is homologous. Chlamydomonas is favourite single cell green algae is able to photo synthesize because it has chlorophyll and has a chloroplast in the same way ...
Some example of analogies or analogous traits wings if you look at the wings on an admiral butterfly and wings on a northern cardinal they have similar function they have similar-ish form they are thin light weight they allow them to fly but if you look at the common an processor of a butterfly and bird that thing did not have wings. So the two would have been evolved separately through conversion evolution wouldn't it be great to not be on the ground basically. If you look at cacti spines and euphorbia thorns the reason we call spines and thorns they look the same but the botanical definition is that thorns come from the leaves and spines come from the stem. I might have that -- it doesn't matter, different particular plant tissues would have evolved to form these defensive structures and we can tell that this is conversion evolution because it's different tissue types therefore different genes that cause these particular forms. Potatoes, sweet potatoes both exist in the grown but also developed from different tissues for the same thing. Sweet potatoes are modified roots for carbohydrate storage. Potatoes are technically tubers not large roots.
If you ever tried to make potatoes grow them in the ground



know you put them in you let them grow if you want a good yield you could do what is called mounding you take more dirt and cover more of the stem it's stem tissue which will make more potatoes. Lastly one of the most famous examples is the body shape of dolphins compared to a very, very old species called Ichthyosaur. They look the same that is a pretty idealized physiological shape to be in for swimming in the water.
We'll run through the rest of this next week. I think that's all. See you all on Friday when we actually get to tree building.
******************************************
