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INSTR. HAYLEY KELLAM: All right everyone. We are going to get started. Good afternoon. Can you hear me? The first thing I want to do little bit of house keeping two thing. First thing scheduling. Next week reminder you have quiz 3. You are your R assign. Second one due and first midterm exam on Friday. Today's lecture Monday then Wednesday going to be review and Friday is going to be your first midterm. Quick reminder there.
The other thing that I wanted to touch on is give you a better answer to our followup question from the quiz. So switch over to doc cam. The question was there was a fill in the blank question which said equilibrium in the Island not...	When one of the following things are true. M is equal to blank zero you have no migration. PM and when PM is equal to PR. So when you have the same allele frequency in population that is migrate on to the Island the proportion of allele frequency will not change. The yes is why can we not set PM to 25. The particular slide we went over to have island model does show a situation where equilibrium end up occurring at .5. But this is because the proportion of P on the migrating population in was .5 you can run this again with any particular PM value what is going to happen is equilibrium will be reached when the island's proportion of P is equal to whatever the Mainland is example you when over is
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.5 but you could do this as well as .2 you can do this as .3. So one of the misconceptions is that in order for there to be equilibrium you need the ripe ratio of P to q. P plus q equals 1 the idea is if you set both of those at .5 that is equal which is true but you can also get equilibrium when evolution isn't occurring at values other than .5, you can reach equilibrium state where evolution is not occurring. If you have a P value of .8 and Q value of .2. Another way to look at this is if you are trying to figure out what two conditions you need for equilibrium is to talk about what equilibrium is. So in the case of this equation here is our island model equilibrium will happen when p'r which is the new proportion of P in the resident population of island is equal to the proportion of P before migration happens. So what we can do is take our equation and we can substitute any time you see pr or p'r and then rearrange so you throw this term to the other side it cancels out you have p'r ... You move this m'r to the side you end up with this equilibrium here this is the equilibrium. You can end up with this equation being balanced two ways. Either you can set m to be zero in which case you are getting zero equal to zero.
Doesn't matter what the proportion of the P allele is on the islands or mainland. Migration is not happening this isn't going to change much the other way that you can do that is having these values be equivalent. Migration regardless of



what it is is going to be multiplied by the same value, M on both sides this number on the same on both sides you end up getting equilibrium. It's possible you can set this to .5 but it require that the proportion of that allele in the other population is also .5. You can have this .5 .5 and have this .2 .2. Is that clear? If you have questions about that wants to follow up you can come in office hours.
Today we are continuing our lecture on phylogenetics and if we are time we are talking about how to build trees. Now for those of you following along open the slides from the first phylogenetics lab we went through examples of analogy and now we are going to talk about some key terms when it comes to trait. Any kind of particular thing that you see in the organism can be derived or ancestral. Derived means that the trait evolved after that group branched off from other organisms this is something unique to that group we also call this apomorphy. If we are talking about mammals we would say having hair is derived trait it was something we evolved after splitting off and it's unique to that group, because that evolution happened afterwards only members of that group have it. And ancestral characteristics are traits that evolved before the group split off from other groups.
Example of this would be looking at these horses so if I'm talking about a zebra I would say the zebra stripes are derived. But I would say the fact that the zebra has four



limbs, that is ancestral. Not unique. That group evolved before it split off. This is also known as plesiomorphy. Something shared between groups. One thing that I find confuse being the traits they relative to the group you are looking at. I would say for the example of mammals and hair this is a derived trait. When it comes to mammals. If you are talking about hair when it comes to humans this now becomes ancestral because it's not unique to humans, it evolved before we broke off from other mammal groups. So keep in mind a trait in itself could be derived or ancestral depends what circle of the tree you are looking at.
Now, let's look at this example tree there's something that you will notice when you looking at some trees. The first is often trees have what are called polytomies this is a node where instead of it bifurcating going in to two branches it branches off into three or more branches. Called polytomy. Can you see one on the tree?
Yes. Down at the bottom so at node number 5 you have the Jaguar, lion and the leopard all branching off from one point. This does not mean generally this there is a moment where one species instantly became three. One could imagine a theoretical weird mutation polyploidy possibility where this occur. Generally this never happens. What this mean social security there's uncertainty about the branching pattern. So we don't know base on that available data if the



Jaguar branched off first and the lion leopard are sister species we don't know if the leopard branched off first and the Jaguar and line or if Jaguar and leopard or sister and lion is off first. Any times you see a polytomy we assume it's uncertain too in our phylogenetic tree. These are our best guess based on the data that we have. The more robust the data the more refined the tree. The less robust the data the more of polytomies are ... Another term you need to flow is autoapomorphy. Only one tax on the trait something that evolved. It is the stripes on the tiger. These are not that useful as you'll see when we come to actually building traits. They are useful for differentiating species if you are doing studies into special alienation these stripes are unique to this particular taxa that is useful when it comes to building the tree it doesn't tell us that much other than the fact it's a separate species which we already knew to begin with.
Now our goal in building trees today is build what we call monophyletic groups or clades. There's a particular test that your textbook will run through is a snip test.
It's could I take a pair of scissors and cut a branch off and the whole bough would go with it. Some groups will allow you to do this some will not. The way we define a monophyletic clade is that you want to have a common ancestor so one node here and all of it descendants included. We are going to do



that today using what we call synapomorphies. These are shared derived characters we talked about autoapomorphies but to build these we need to look at shared derived characteristics and are shared amongst multiple members of that group and derived from a group.
The idea of finding these synapomorphies started in 1966 Will Hennig but it is sometimes hard to do there are messes that we end up finding when we are looking for shared derived characteristics. First is that we are assuming if we are looking for something that is shared between them that they inherit it from a common ancestor that also have that trait. Ideally to confirm this we would like to see something in the fossil record that said I can see that the ancestor of these two things had that characteristic.
Because otherwise it's possible they both have to but through conversion. That is the second one which is analogy so you can have two different things that look similar, for example birds and humans are both warmblooded vertebrates so for a while we wanted to shove them together on the same part of the tree. And lastly reversals so this is where you have a group that had a trait but then lost that trait. So that can also get messy within you are trying to group these shared characteristics together.
Another type of grouping that we see and one of the issues this can lead to is what we call a paraphyletic group.



It's a group in which we include this common ancestor but not all of the descendants are included. The most common example of this is reptiles. If I say the word reptile if I said oh come back to my lab I have a reptile that is really cool and then I brought out a bird you would look at me really weird. Because we don't think of birds as being reptiles. So but evolution airily they are closely related to crocodiles snakes lizards, turtles and tortoises. If we were building a monophyletic groups we would include birds. But typically we only include the crocodiles, snakes, lizards, turtles and tortoises and cut out these birds so it's a paraphyletic group. The third option is when you are looking at certain groups but you don't include the common ancestor. This is when that common ancestor if you looked at it back in time that looks nothing like a reptile. Whatever this was would be we would recognize today as having the reptilian traits, this is called a polyphyletic group this is when you are clustering taxa together but not because that particular trait or category came from a common ancestor. The example is warm blooded vertebrates that would be birds and mammals this is due to convergent evolution. This is analogous.
now, when it comes to different types of traits they can tell us different types of information from the simplest or least information that you can get from a tree to the most. So one of the ways that you can draw trees is look



at the related in between individuals but you don't necessarily know which ones broke off from the group before or later. We call this an unrooted tree. Say that I have five individuals here, you don't necessarily know if A broke off first in time, if E broke off first, et cetera. The way that you figure that out is you find some distantly related organism to add to the tree. Like an F. So if you look at the characteristics of F you will kind of assume that they have similar ancestral characteristics and you can use that to root the tree. The trouble with rooting comes to when you get to a certain point where you look at more distantly related organisms but what do you do when you are trying to do an entire tree of life. So the trouble runs into if you are looking at an entire... of all living organisms there is not another organism that you can use to root the tree you have to rely on other types of methods mostly things like genetic sequencing which means there's still a lot of debate about where this branch actually started when you want to assign time to how this radiated out. If you actually go on to the website called taxonium.org this gives you a tree of life, what you will notice is a lot of polytomy. There's a lot of nodes in which you have branches to many many many different organisms. This is again because we don't have enough data to know what that bifurcating branching power looked like. At the end of this first lecture we have



practice slides I'll let you go through those. Getting practice reading through trees.
Any questions before I move on to building trees?
STUDENT: I have a quick question how the lecture slide polymorphy. I was wondering if loss of the tree would also count the autoapomorphy ...	[Inaudible].
INSTR. HAYLEY KELLAM: So losing traits will count as a difference and if it's unique to one taxa then you would get an autoapomorphy as well. Going back to the uniform coat also autoapomorphy. Nice catch. Anything else?
Now we are going to do some tree building. Before you get started couple of things you are why going to need. First is data. Our phylogenetic trees hypothesis based on data that we have about taxa. Second thing is a model of evolution you need some sort of way especially if you are trying to assign something like time to your phylogenetic tree. Trying to go ...	You need a model of evolution, you need no know how evolution statistically plays out and then when it comes to statistics you need a way to assess the validity of your tree. How robust is it.
When it comes to data not all data is made equal some are more useful than others for differentiating these branching patterns. The first that your trait should be homologous. Wings between butterflies birds are going to make for a messy tree. The second is it should be discrete.



Discrete as in separate. It's going to be much easier if you are looking at if we are looking at coat colour in cats and this one has no stripes this one has stripes that is a discrete characteristic. If you say this one has two stripes, this one has three or four this one light or dark stripe but there's a lot of in between that is not really useful because you can't say there has been a change here.
The next is there should obviously be variability. All of them have the same amount of stripes looking at stripe colours is not going to get you very far. Lastly you should try to have them independent. Independent is the idea that these changes aren't dependent on each other. So for example, there are fish in which the size of their and fin and pectoral fin are correlate. This means if you are using those independent measurements they are linked to each other. So that change is going to end up being overrepresented in your dataset because it might be only one amino acid change that impacts those two things. Talking about ...	One gene causing change. Or linked traits. Might be traits are on a particular chromosome they are more likely to be linked to each other. Two categories of data that you can use one are called characters and one are distances. Characters is single individual units of change whereas distances are collections of changes. We are going to start with characters that is the simplest one and later I'll show you



how computer models use distances to build more complicated traits. Examples of this can be things like single nucleotide polymorphism or morphological traits.
Let's start with a simple tree we are going to build a tree that is unrooted. I'm going to turn on my and say that I have four species of flowers. And I look at a variety of different traits. Some of these are going to be more useful than others. So remember I'm looking for synapomorphies, these are derived traits found in more than one taxon. They are not shared between species. So if I look at the first one height this is not a synapomorphy.
Only one species has a different in height. It's a different species but it doesn't help me species to relatedness to other things on the tree. This isn't autoapomorphy, other one that becomes an issue is if you look at colour so this is the second one this also is not going 20 be useful to actually differentiate between them. There's no difference here you are caught is not useful ...	This is a this is ancestral trait that is shared all of them.
Who wants me to take time to fix the beeping? A bump of these aren't going to be useful we have A only unique to one group, so we need to find one that is actually a synapomorphy. Look through A through F which one is useful? F is the one that is a snap for me. So there are a couple of options for how we want to draw this on a rooted tree. So if



we assume something like this has happened. We have some options for where species 1, 2, 3, 4 come from. We could put species 1 and 2 as sister species. We could put species 1 and 3 as sister species or we could put species 1 and 4 as sister species.
STUDENT: How do we know [inaudible].
INSTR. HAYLEY KELLAM: We don't know so that is going to be some sort of limitation in our data. Reversals are fairly rare so we are going to assume and we'll get into talking about probability in a bit. The simpler answer that we can get the more likely it's the answer to the question you are asking. So with all of these we are going to assume the easiest or solution that is most likely is the one that requires the least amount of change. But yes, reversals is one of the things that we are kind of not accounting to. So if we are looking at our one useful synapomorphy here which is F half of them have spots, we can assign how this would look and where these changes would happen on our three candidate trees. So if I see that species 2 and 3 have -- species 1 and 4 have spots. You have to assume half and half where that change is going to happen. So species 2 and 3 don't have it. So we would have to have two changes on this tree. So 1 and 4 do, and then 2 and 3 do not. On this tree if we want the division to be between 1 and 4 you would have to put them here. So again that is two changes that need to occur to see that difference in spots.



But if we have our last tree weekend up with just one mutation. So something happened here between this side of the branch and this side of the branch. Based on that we would say it's probably most likely that 2 and 3 are sister species and 1 and 4 are our sister species. This is for our unrooted tree.
Say we want to build a rooted tree of two things that we are going to need, first find data characteristics to compare. Here is some information about mammals and which they vary and then the other thing we are going to have to do is find and outgroup this something that we know fairly closely related to our group but definitely outside of what we are interested in. So say that I was curious to figure out the relatedness between three marine mammals otter, seal, walrus. I want to choose something I'll pick a mammal. We are at SFU so I picked the most important mammal besides humans which is the humble raccoon. I stole this from a raccoons at SFU Instagram page. You can see a raccoon up top going through the garbages in the AQ. I'm going to pick my raccoon to be my outgroup. What I will assume is the traits that I see in the rook coon are being to be my ancestral traits. What this means is I'm going to want to do something which is keying out my data. So instead of working with all of these names I wants to work with numbers. So the way I am going to simplify this with numbers is I'm going to go here



is my raccoon, here is my otter, seal, walrus. Then we have our different traits so A, B, C, D, E, and F. So I am going to assume that our raccoon has the ancestral traits for these characteristics so I'm going to set these to zero any change from the ancestral trait I'm going to assign a different number. The first difference I'll write 1 the second I'll write 2. If we look at our otter. It has same that is still zero, same as raccoon this one is different. We know there's been a change here between the raccoon and otter for kidney structure. This is the same this is the same, same. One difference between our otter and our raccoon. Do the same for the seal. This is 2, this one is 3, code it as 1, same, this is the same as the otter so not going to go to 2 but this is 1, same change. This is now different testis position abdominal inside the body. Tail length, the different, different. Lastly I'm going to look at the walrus. Walrus is same as seal, same as everything else, 1, zero, zero, and 1. That is how you are going to code your characteristics. If I remember correctly I have them on the side here. Double-check our math by math I mean binary counting. Good to go. Now that we actually have these traits keyed out this is much easier to see where there's been a change compared to our outgroup. We have to figure out which is our most likely tree combination. So there's three possibilities we know our raccoon is outgroup we assume



it has not emerged from the water and so that has remained a land mammal and so either the seal or walrus the other two or sister species otter the other two or sister species equals or the walrus broke off. The way you are going to figure this out is try to label those changes on the tree and see which requires the most amount of steps. Or the least amount of steps. Say we have option this is assuming this is raccoon ...	R, W, o, S these are our three possibilities.
So I know from looking at my coding on side that there was a change in trait A between the raccoons and the otters compared to the seal and walrus. So if I look at this one here in order to get a change in the raccoon but not a change on these two what I would have to do is put a change in A here and have to put a change in A here. So there would have to be two mutations for that trait in this particular trait.
If I look at the second one, if I place it here, I end up getting my walrus and my seal having that trait but my otters and my raccoons do not. And I can do the same thing here. Raccoons ...	We assume A0 starts at the bottom.
Instead of that trait it doesn't matter you are going to end up with the same lines but you should have that change happen Ng the seal to 1 and the walrus 1. And on the last tree you would have our walrus again and the change in the seal. So based on our one trait it seems like this is more likely.
You can go through the other ones as well I will point out B



obviously change is nowhere, this one kind of useless for building this particular tree. Kidney structure everything has difference than the raccoon. This isn't useful for tree building because that C is going to change in the same location of all three. It doesn't give us any comparative power. D and E also not particularly useful and then if we look at F we'll find this happens in the same relative place as A. So there would be one mutation for F but there would have to be two for F here and here. Base on that alone it seems like this rows tree is the most likely because it requires the least amount of changes. Now we call this principle Ockham's Razor. This is from philosophy. This is a concept that spans many different academic and philosophical thoughts and fields but the idea is all things being equal the simplest solution tends to be the best one. This comes from Willam of Ockham. He said no more things should be presumed to exist than are absolutely necessary.
The thing to think about in evolutionary context is mutations are rare. So the more mutations there are, the less like they that model is to be correct. When we are talking about evolution the term we use for this a maximum parsimony. We are trying to maximize this chance that what we see is what has occur. What is worth noting here is that evolution is not always parsimonious. So we brought up this idea of how do we know there's not reversals that have occurred. We



don't. So it is possible of course that these two characteristics evolved here and were lost in the otter. But it requires a couple of more steps to occur. So just because it is the most likely doesn't mean it's definitely what has occurred.
Now, the other type of tree and types of data that we can use are distances. So distances is instead of looking at discrete individual pieces of data you put those pieces of data together to get an overall difference. You can do this about morphological traits and do this with DNA sequences.
Say that I look at the differences between say that I want to look at the differences between mouse rat human pig dog chicken frog and compare them at a particular site. I can look at the percent differences that they have between them and use this to fill ...	The less difference I have between two taxa the more likely they are to be close on the tree, the more difference, the farther they are likely to be on the tree. The way that you can do this is you can do what is called ... so you take sequences, you line them up together and look at the number of differences between the two. So I have aligned our DNA up at the top and then I'm going to build what is a distance matrix. The way a distance matrix works is you draw out a little column graph table with A for Ds and you are basically counselling the amount of differences between two different species. If I have species



A, B, I am going it go through and count how many are different. Six. So there's six differences of nucleotides between A and B. I put that into my matrix. Then I'll do the same thing between B and C. There's three differences between B and C. You'll go through and complete that and then you can build a tree off of how many differences in this case we are looking at the total number between the two. So what you'll find sometimes and this is another misconception that comes up is just because two species are most closely related to each other based on the numbers of differences them in the sequence doesn't mean that they will always be sister taxa on the tree. This comes down to the fact that fend depending on which model of evolution you are looking at these difference mutations can happen at different rates. If we are assuming that mutations happen on all nucleotides at the exact same rate at the same likelihood, that gives us a different kind of model of how things are going to shake out than if you assume that transitions are more likely when you are looking at mutations. Other thing to consider is that you can end up getting especially if you have a really large distance between two individuals if you look at A and D here, out of these 15 or so nucleotides 14 of them have changed.
This number is probably likely underrepresented. Because we are just looking at the absolute difference between spot 1 and spot 1. It's possible that T mutated into an A and then



mutated into a C. So there's been two mutations at that site but you don't end up seeing them when you look at the actual DNA because there's no history of what that base was before it mutated a second time.
So I am going to have you try to build this distance matrix off of our unrooted tree of plants. Look through and then compare how many differences you see between all of these species and build a matrix here. I'll give you
five minutes.
So these are the numbers I ended up with. You can compare yours to mine. I did it at the same time as you to get a rough idea of how long it would take you. Between S1 and S2 I have you should end up with 3 and 3 and 3 kind of on the diagonal. The difference between S1 and S3 is 4. The distance between -- so you can also use this to build the same tree that we built by looking at characters but instead you are looking at distances. So what you can do is you can draw a tree.	Generally best practice to start with the one that has the least amount of characters or the least amount of differences. So I would say let's try S1 here S4 there.
We know that there is one mutation between the two of them. We don't know if it's going to be on this side or this side. That is going to the impact the rest the tree. Now look at the next two closely related ones which are S2 and S4. And we again know that there's two lines between these two. We



don't necessarily know maybe two of them are on one side two on the other. And then we know that between S1 and S3 this is going to be the largest amount so you need to have four changes between the two. So now you just kind of play around with little lines. So say that I look at I -- I need to end up with two changes between S2 and 4. Say I put those two changes here in the row. Can I now find some way to balance this out. I would have to have one change between S1 and S4 and two changes between S3 and S2. This is correct, this is correct now you have check if that makes sense with the rest of the math. Between S4 and S3 I have 3 I have one too many. I have going to move this branch over here. See if it works now this works this works. S2 and S3 we need two changes.
So S2 and S3 between these two we need 2 changes one there and one there. Go back to the drawing board.
S1, S4 these are sister species only one difference between them. In S2 and S3 still visible. We have I got mixed up on this one. There's four differences between S1 and S3. Put distribute them like that. That gives us our 4 we know one difference between these two we are good there. Between S2 and S4 we only have one difference so we might want to switch this over here. I told myself I would not need an answer key. I told myself incorrectly. Did everyone get the same numbers as me.
STUDENT: Do you have to draw it in that form are two on the top on



bottom.
INSTR. HAYLEY KELLAM: You can draw it sideway you know it's unrooted so you don't know where the root is coming from. So let's try do this simple option 1 is that it goes in. S4 branch. Now let's look at 2 so we are going to are r have two differences between S2 and 4. Seconds choice is we can add it here or add it here. Let's see if we add it to the branch. That is the second choice that we made between S2 and 4. Now we go to one of the 3s. So between 3 and 4 we are going to need two differences. We can't add them here because that would mess up our existing difference between these two you have to add both of the changes here. Now we need to check the other lines. Between 3 and S2 you have three differences. Between S1 and S3 you would need three changes which we do not have. So one of our assumptions must be wrong it's probably the first one. So if it breaks you start again. Go back to your first assumption.
My first assumption was that that first change happened with S4 I think that is unlikely. I think the first change happened here. So between S1 and S4 we are going to try this assumption instead. So now we make the second assumption which is that S2 and S4 there are two differences between them we need to add them together. This gets very complicated. This is why computers end up doing character analysis. I was going see if I could figure it out live but



I can't when you are look at raw data when the numbers don't mean anything it gets complicated what I'm going to go back to is look back at the actual character analysis I am going to look at the changes that are happening to. I managed to figure out this last year but I can't do it. If we look at the actual individual in this case changes morphologically if you were looking at this within actual mutations and nucleotides we'll work through it. A one those changes is happening just to species 2 we know that looking at the table that change is happening here. Species 2. Colour don't have to worry about. Species 1.
STUDENT: I think I figured it out. If you want it.
INSTR. HAYLEY KELLAM: You can double-check. So C we know that change only happens with species 1 we need to put that line there. With pedals we know that that change happens here just uniquely with species 3. Stem it's happening just with species 3 as well and spots is happening between the two.
Are those the loons you figured out harder to do it that way you are doing a bunch of if this happens what happens as a result. If you like suduko puzzles, this is basically that. But if you have if you look individual nucleotides at the time which is what when you are doing character analysis.
STUDENT: Why do they [inaudible] is that assumption we made.
INSTR. HAYLEY KELLAM: That is an assumption you make so do you end up with.



STUDENT: In tree form if you change it.
INSTR. HAYLEY KELLAM: So you can do that but you are going to end up with more lines as a result because there has to be more changes.
I will not ask you do it without a table so I would give you a distant matrix on an example and I would also give you the table with all the characteristics. Any questions before you head out? Sorry we went overtime. We will see you all next week enjoy your weekend.
************************************** LANA G. ALLEN, RPR, RCR.
Accurate Realtime Reporting Inc. (604) 685-6050
Uncertified (Draft) Verbatim Transcript
