

****************************************
INSTR. HAYLEY KELLAM: Good afternoon everyone. No quiz today I have survey round 2 we are going do it differently we are going to passion it up to you and bail for 10 minutes walk around the AQ and let you discuss kind of generally feedback for the course what you like, what you don't like. I've also added what has been the most challenging topic and most interesting topic and spot for anything else you would like me to know.
You can get into small groups or work on your own and then we will abandon you so you can discuss at free will.
**************************************
INSTR. HAYLEY KELLAM: You are all so quiet. Hopefully you had some chats. Pass them down this direction towards Jeffery that will be great then we are going to get started. Today we are talking about the very small topic which is the origin of life. So origins are topic of life, the order in which we get the amount of diversity that we have today. We are going to run through in today's lecture union our lecture on Wednesday. And we are going to start with the major transition that ...	Some folks we are going to be going back in time obviously to the start of life but we are going to be going back into time to think about the people who were thinking about the start of life. Now, this is a quote from Aristotle when he was trying to deduce the history of animals and he wrote as a general rule all testaceans these are
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things like clams, oysters. His thought was they grew by spontaneous generation in mud he is differencing in one mother according to the differences in material. So roughly Aristotle's thoughts on spontaneous generation was you had slime, slime would maybe be via eggs turn into oysters if you had sand you would get scallops and limpets and barnacles with would spontaneously generate out of hollow rocks.
Now, the other thing that was or had it to be thought of when it comes to the origin of life and the first thought that kind of starting period you need to figure out is if life started on earth. Which is an assumption in itself.
How old is the earth. So ha is the some sort of starting time to look at. This was a theory and continues to be a theory of long debate. Lord Kelvin was a physicist, he tried to answer this question of how old the earth was by basically saying okay. So the planet is like made mostly of iron. And it is slowly molten core of our planet is slowly cooling. If we make some assumptions, let's forget about all of the different materials let's assume the earth is a pure solid mass of iron. And it's cooling. If that is the case and it's cooling based on what we know about the properties of the thermodynamics, how old should the earth be based on starting temperature current temperature. He guesstimated based on we were a mass of iron somewhere between 20 million but certainly less than 500 million years old. This was kind



of our first estimate by just assuming we were a hunk of iron.
Now, the age of the earth by Arthur Holmes used the idea of radioactive decay. So earners Rutherford and Frederick Soddy discovered the idea of radioactive decay.
You have these atoms and they are decaying over time, things like potassium and atomic matter, and this allows for new calculations of the age of the earth. You can use this for dating of rocks. So Holmes at the time found rock looked at the age of the materials within it and dated it to about 1.6 billion years old. Which as we got better at dating these particular rocks now we revised the rock that he looked at to be closer to 3 billion years old. Now with additional information about the 1950s is when he started throwing around the number 4.5, 4.6 which is the number that we use now. The problem with finding rocks old enough is pretty much every piece of rock has turned over in the mantle. So there's no piece of rock still sitting here that would have been sitting on the surface of the earth when the earth was formed.
Now, the question now that we've set the idea of how old the earth is the next thing is when did life actually appear. Which requires us to define what we are talking about when we talk about life. What is life. I have a marker. You are biologists you study life you should know



what life is right. Something that reproduces: needs to be able to make copies of itself. What else. Made of some sort of cells. Some sort of container that accept rates it from environment. What else? Think about it like this I'm currently alive what happens when I die. Stop breathing.
What else am I going to stop doing. Metabolism no more. So depending on your definition of life it can include any kind of subset of these things. We ask the dictionary Britannica it says any system capable of performing functions such as eating metabolizing excreting breathing moving growing reproducing and responding to external stimuli. If you look at most of our most common criteria for life you can throw these which we mentioned you got all three of into three main categories. One is self-replicating with variation individuality or defined borders like cells and energy conversion or metabolism. You can make copies of yourself, those are slightly different. You have individuality, this is living this is not living. And there's some sort of energy transformation or metabolism is that is occurring. We think about this from an evolutionary standpoint the other way that you can think about this is that things that have a genotype. They have some sort of variation encoded stored in some sort of information normally DNA or RNA and a phenotype. This is some physical expression of those Genes. If we take those we can build it into this something has a genotype,



something has a phenotype it is alive.
Now, how these actual first living organisms started you first have to start with okay we have building blocks we have monomers individual chemicals, how do those assemble into the starting building blocks of life. One of the main models is called the Oparin-Haldane model. The idea is if we assume back in time what types of molecules existed with atmospheres and oceans, we have hydrogen and nitrogen gas, ammonia, CO2 . The idea here is if you look at these and put them in different environments they can self-assemble into more complicated organic molecules spontaneously. They can assemble. Eventually they assembled to the point we get these more complicated monomers and we'll look at experiments that try to test how far we can get to amino acids and nucleotides. Those monomers then assemble into polymers, so our nucleic acids and proteins. The nucleic acids can store information, proteins can catalyze reactions, together you add a membrane, you have protein, you have some sort of DNA encapsulated, you have life. So those are the steps you need.
So you have from chemistry to monomers to polymers to both of those things together encapsulated within a cell you are good to go. So we needed to find evidence of where these major steps happened over time.
Now, we can break this in and these three steps down



to three major questions. So where did the building blocks come from. Where did those monomers originate. How did they then form into these more complex polymers. And then what was this first cell that was encapsulated what did that look like.
Now, when it comes to question 1 where did the come from, there are three different major theories for where these first monomers were found. The first is this idea of a prebiotic soup so this is the idea that at a basically the surface of the ocean there was enough chemistry going on with lighten strike and the interface between the atmosphere and the ocean that these monomers with enough energy put into that system could spontaneously generate. Second option space, they could have arrived on meteorites either the life itself or just building blocks, lastly is deep sea vents.
We'll go through each of those.
The first is prebiotic soup this was an experiment run by Stanley Miller in the 50s. And he set up this apparatus basically just had what he thought at the time was what would be in the atmosphere chilling around and what would be in the ocean surface. And put a bunch of energy into there and saw what he could end up. Now, what is interesting is this on its own can yield some essential monomers. So glycine, alanine, two of the very simple amino acids will arrive spontaneously. What is interesting to note



they do so in equal parts with both stereoisomers. If you remember I don't know if you come across this, L and there's D versions of these amino acids. Depends which arm has which molecule on it. The thing with life is that we are only made of L monomer. So the slight problem with this is this makes it an equal portions. There's not that like handedness bias. But what is interesting is they also have run different experiments that give rise to ribose as well. You can get these seven sugars being made as well as adenine. Those are two components for RNA.
Now, two issues with Miller's model. Some essential molecule that is we would expect would have had to be here in this early situation before we get polymers were either low they weren't present at a high amount or they were absent.
What is interesting to consider those about this 50s experiment is that we didn't know a lot of we were making assumptions about what the ocean and atmosphere chemically were composed of that determined what he through into the apparatus. Nowadays our modern view early atmosphere is much more likely CO2 based and nitrogen based. Chemistrily are very different because CO2 and nitrogen are both oxidizers will accept electrons whereas in the experiments ...
Now, option 2 question.
STUDENT: [Inaudible].
INSTR. HAYLEY KELLAM: Yes, so there's a bunch of people who run this



experiment with a bunch of different combinations so much so that I haven't added a bunch of them you can depending on the ratios you use end up with a bunch of these base building blocks. The main issue you still have though is the fact that you don't have the L versus the D. So you ended up with both spontaneously. Option 2, space, option 2 is they arrived on meteorites. There was a meteorite found in 1969 which they called the Murchison meteorite. It contained glycine, alanine, valine, proline. What is interesting here there was a bias. Both L and R amino acids were found.
There was more L amino acids found and this leads to a hypothesis called panspermia, which again the pan is multiple, the idea that live exists throughout the universe and that it is spread to new planets on meteorites or space dust.
Now, something to consider is that if we consider archaea which are closely -- they are not quite bacteria, not quite... they were extremely tolerant of extreme environments so although unlikely there is a possibility that something archaea like could survive some amount of pressure differences and extreme access kind of without sunlight within these meteorites, Francis Crick the Watson and Crick Crick guy. He thought panspermia was the solution to this.
He was a big proponent of the fact it arrived on meteorites. Problem is that it kicks the can down the road. So it is



like, okay so it wasn't at the surface of the ocean, maybe wasn't at the base of deep sea vents it happened somewhere else, okay. Where else still at some point there had to be an origin of life somewhere else.
Deep sea vents is also fun. I think this is really cool my uncle used to work for the coast guard and he was responsible for getting scientists to these deep sea vents safely so they could take samples so I grew up learning about these cool deep sea vents. And the idea here is again there's very cool chemistry so you have a lava flow coming out, you have high temperature, you have a bunch of different chemistry happening. So this is an active area of research to see again running the similar type Miller experiments but having different chemistry that is present here.
Now, the next question is did the start of life happen more than once. So currently a lot of pieces of data though that life began at one point and has diversified since then. The idea here is we all have one common ancestor, this didn't happen multiple times. Four major pieces of evidence. Genetic code is nearly universal question all use the same genetic language. 2, life shares ribosomes, DNA, polymerases and same amount of amino acids. We all use ATP and
co-factors. And we use a proton gradient to generate power. So like across the membrane of mitochondria, this is how ATP gets generated. That is a lot of things to be in common to



have just coincidentally ...	For all intents and purposes we assume life ...	There's two different ancestors that we can refer to. There's LUCA who is our last universal common ancestor. And there's also Ida. So Ida is the initial Darwinian ancestor. We use this to talk about the first material on earth that transformed from not living to living. So this was the first living creature. LUCA on the other hand is our last universal common ancestor. Probably if you were to draw out the tree of life you would we'll do this next week, you would have here is Ida, here is first life, you get diversity and then there's being to be some branches that die out and then all life that is now living is descended from this individual which is LUCA. So we assume there are lineages that don't make it to today there's a differentiator between Ida and LUCA.
Our first attempts to build a big major tree of life, the limitation with this is we have to pick genes or some sort of genetic material that stores information that is shared between all living life. You can't look at the gene for breaking down starch, you can't look at amylase if most organisms don't have that gene. So the first major assembly of the tree of life was by looking at ribosomal RNA. So this is shared between all living things. So you can compare to to between all living things. What is interesting is that pointed to a third group that we hadn't really considered to



be different at the time. So we knew about bacteria. They look different. They don't have a nucleus. We knew about eukaryotes. ...all of the forgotten ...	That never make it on to the first trees, but there was this other group which was originally called the methanogens which we now call archaea. They grouped on their own they looked very different from bacteria, very different from eukaryotes and they were found in very interesting places that we didn't find other types of life. So areas like the dead sea with high salt concentrations, very deep down into solid rock and also just peppered everywhere. There is some inside right now, chosen soil spread out throughout the world and also these extreme conditions. The one that we find in these extreme environments we call thermophiles, so this is heat loving organisms, and if you look on the side one of the key differences between thermophiles and non-thermophiles is their GC contents. If you look at their DNA or RNA, the amount of GC paring they have instead of AT or AU is much higher. Why would you expect thermophiles to have more C and G content?
STUDENT: More stable.
INSTR. HAYLEY KELLAM: More stable. Three ...	Instead of two. You can look at this to get an idea of your difference between thermophiles and non-thermophiles. This can also be used to look as evolutionary history of some these groups have



changed lifestyles. If you see a really high level of this GC content, gives some sort of indication that there was a time when there was high selection for stable molecules.
Now, if we look at the tree of life so here is our eukarya, bacteria, archaea. The origin of life is somewhere on those branches. This is our unrooted tree we talked about limitations of trying to root this we don't have an outgroup F we are trying to put everything on tree what are we treating as or thing that is less closer related to everything else. What is interesting is based on this it gives us the indication that if you look at where all those thermophiles are the red branches, statistically we would assume the ancestral characteristic of wherever that point was probably was also a thermophile. So this gives us additional information that this LUCA, this last universal common ancestor probably liked living somewhere hot.
Now, the leading theory when we are talking about the deep sea vents is that this type of chemistry, these first organisms probably did not arise like at the very surface of these vents. They probably arose in a warm vent environment. So if you look at the protein that is these organisms have in common you do some coalescent trees, you can see all reconstructed proteins of what these models of the first protein might look at. Their optimum where they are most stable is it 55 degrees, compared to if you go to the bottom



of these deep sea vents you get closer to 100. Which would not hold the stability of these proteins. Building blocks for life degrade quickly.
Now, we talked about three differences. Or three potential theories. Prebiotic soup, meteorites, which I love the idea, kind of kicks the can down the road. That is someone else's problem to figure out and deep sea vents. The idea here is that either ribose, nucleic acids and amino acids are starting ...	Formed in one of these environments or they arrived from space. Regardless one of these three things happened, probably, now we have monomers, now we need to get to polymers.
Second question is how do they actually form these complex structures. Now, the old model our original thought if we were looking at RNA is that we are used to thinking of RNA as three distinction components. We have phosphate group, sugar and base. The thought was you would have phosphate, sugar and base those would come together so there was a lot of early research trying to figure out
chemistry-wise how do those assemble. More recently the newer models looks at the fact that this molecule here when you have the sugar and base together probably formed in a different order. It wasn't here is your base, here is sugar put them together. A lot of research into early polymerizations are looking at chemistry-wise how does this



molecule form. Not sugar first or base first but in some other order.
Now, the major initial major transition we are going to talk about so we started with our base chemistry nucleic acids, going into our RNA. And then on Friday we'll talk about the upper half of this. So cells, prokaryotes and eukaryotes and eventually multicellularity. We said that life it defined as anything having self-replication, individuality or defined borders and has some sort of energy conversion or metabolism. I said we can fit this into an idea of genotype, phenotype. The problem with both life means genotype and life means phenotype. If we define life as having both of those, which one came first. Because the problem with genotype is that is our DNA. DNA
self-replicating and provides a genotype. Phenotype are proteins, they are with the one catalyze reactions but they can't replicate or transmit information. So you can't make proteins without DNA and you can't make DNA without proteins so this leads us to the another besides chicken and egg with our phylogenic trees but another chicken and egg which one came first dilemma. So did we have DNA and then protein or vice versa. This was a big debate. The answer is neither. The answer is in between. It is the thing that links the two together which is RNA.
RNA can do both. RNA can have a genotype and it can



have a phenotype. Think about RNA when it role in replication. A bunch of RNA molecules are messenger RNA, transfer RNA, ribosomal RNA are key to making copies of RNA and DNA. The other thing is we should be looking at RNA because it's a thing that we knew and we know is present in all of life. It is the key thing that we use to build our first universal trait.
Now, it wasn't for a while we thought that maybe so we know that RNA can make copies but can it catalyze reactions, can it do this thing that now proteins do so well and it wasn't until the 80s that someone found an example of an RNA molecule that acts as an enzyme. So they called this the ribozyme and it was co-discovered as these things are by multiple scientists, they ended up sharing the Nobel Prize for it. They found this within an organism called tetrahymena thermophylia. This is one of those heat loving thermophiles, it has RNA that catalyzes a chemical reaction so it can break and form to phosphodiester bonds in RNA and DNA. It can do the job of a protein of assembling new RNA. This is the idea of autocatalyst. So the idea is that you have a molecule. That molecule can catalyze the creation of more of itself. So this is almost kind of like a living molecule. You have a molecule, it then facilitates more creation of that molecule. So it can at least in theory do this. Again, think about mRNA rRNA and tRNA. The other



thing is that again RNA can do both. Can store information so like DNA, RNA can form complementary base pairs. So you can get potential long-term storage of information. And we now have examples of RNA being able to catalyze reactions, so able to do the job of protein. It can do peptide bond, formation splicing, RNA polymerization, et cetera, et cetera.
So this leads to what is called the RNA world hypothesis. The idea here is that probably the first molecule we had was RNA and RNA allowed us to have a genotype and phenotype that was special hided into more specialized DNA and more specialized proteins that did a better job of catalyzing it but you still have RNA being the intermediate between those two things. So if we look at our timeline here is our big bang about 14 billions years ago. You had the formation of the solar system and then we think that the curative time right before DNA if we looked at the world we would have seen immense amount of diversity of RNA organisms.
Now, because this RNA in itself would have had a genotype and phenotype, natural selection would have been able to odour. You would have had variation in RNA molecule that is can still mutate. You would have had copy errors these changes in that sequential would have changed their shape which would have been their phenotype t would change how they would allow to catalyze reactions and because they are able to copy and replicate that would then be passed on.



So there's now ...	Variation and some of them were more stable and able to replicate more quickly. We have heritable variation and we have differential ...	Both of the things required for natural selection to occur.
There's been research looking at these ribozymes and seeing if natural selection can occur within them. The way researches have done this is taken ribozyme enzymes randomly mutated things and applied artificial selection and done this over time and have found that they are able to optimize catalytic activity of she is a RNA molecules so you can do this through artificial selection again because they have both a genotype and phenotype within them.
Now, the next question when it comes to when the life arose is when would the earth have been stable enough for life to actually have persisted. The main problem about the formation of solar system is that everything was chaos for the first few hundreds of millions of years. That is because as our solar system formed there was a lot of impacts. Here is time before present so we are going up to about 4, 5 billion years and then here is impact energy of these craters hitting the earth.
Now, up at the top you have an impact between the moon and the earth so how we think we got a moon is there was an impact basically asteroid that hit the earth that hit some of the earth off of the earth so there's bit of the earth on



the moon and that would have vaporize the oceans. So if there's water on the earth there's enough energy hitting when the moon hit us that all of that would have be instantly vaporized. So we are not saying that life didn't start potentially before that but it died out and was instantly removed from the earth so any record we have biological molecules instantly vaporized. Now, we think that up to about like getting closer to 4 million I don't know years ago we were still getting hit with large astroids. Now, two big yellow bars these are both hypothesized and hypothetical we are pretty sure they existed but unlike the moon where we have a physical piece of evidence that there was that impact crater since then all of the rocks have been turned over so these more recent impacts we have a hole left over in the moon that we can see or we have a hole in one the States somewhere where we are clearly something happened here. And we can date the rocks there. But we assume that there were more of these large moon like impacts happening up until about 4-ish million I don't know years ago. And then they decreased as the solar system got older and we got to a point where now we were getting hit by rocks still but not with enough force to fully vaporize the oceans. We hit this clear threshold and so that gives us a starting period of time where we need to start looking for something that would have lasted. Again it's not impossible that something would have



evolved before then but it would have been lost to space. Now, I find personally trying to picture long time distances incredibly hard. One of the ways you might see this shown is the idea of a clock. So say if you have a 24 hour clock and we are looking at the formation of the earth about 4.5 billion years ago each hour is going to be about
190 million years. So between midnight up at the top you have formation of the earth until 3 a.m. just meteor bombardments. Oceans are being evaporated. Anything that might have arose no longer exists. About 4 o'clock a.m. is when we think the origin of life is. So that is our Ida. So we have a group of chemicals that no longer fit the definition of being live that cross that boundary into what we call being live now. The oldest fossil records we have date from around 5:30 a.m. and then we have a bunch of evidence of abundant banded iron formations things like Instagram at lights which we'll talk about in a second then past noon this is where you start getting the evolution of photosynthesis so your single celled algae. We'll get into complex life going forward each turn. Now what we are looking for this evidence of early life there's two main things we are looking for the first morphological signatures these are microfossils, fossils of first cells. The other is chemical signatures, like when we are looking for life on other planets the main thing we are looking for is the



semi-cal signatures given off by planets we know that life has the ability through metabolism and other process toss make chemicals that wouldn't naturally be there through inorganic means.
Now, organic matter alone may not be sufficient so there's been planets where we are like oh, there's this thing that we think only life can do and then someone else publishes a paper that is here is a very logical scenario that won't happen without live. So these keep getting brought up and some of them end up being ...	Now the single cell micro fossils are very small, difficult to detect.
Especially in really really old rocks. We have found some examples of what we thought were these early micro fossils. So for example, William Schopf's fossil are or were now considered evidence for life by just looking at their phenotype. So they kind of look like cells kind of cell worm-ish shapes. These were found in western Africa and they were dated to about 3.5 billion years. Turns out that many of these species that they thought they found were actually just carbon bubbles so as rocks are forming you can get this thing that looks like a worm naturally occurring through inorganic processes.
There's better evidence nowadays so in 2002 in natural gee sciences it published these images here which look much closer and we have not yet found an answer to how



these could be produced inorganic but that doesn't mean we are not going to.
The other kind of better piece of evidence we have is stromatolites. So he stromatolites are these structures here that form as a result of sediment attaching to these biofilm layers of cyanobacteria, you have cyanobacteria that grows in mats on substrate, they are sticky so a layer of bacteria, small particles will come and land where the algae is and but if you have a rock without the algae they are just being to bounce off. What happen these end up getting added and compacting down and the algae keeps growing up on a new layer and you end up getting these very distinct formations as these sediments get incorporated in rocks these live to this day. Here are like the ones that are actively being produced by cyanobacteria. You can see what these cross sections look like you can see patterns there would have been algae that layered those marks. Here there would have been algae here, no algae or would have been scraped away. So this gives us evidence potentially because we know how stromatolites form now we can see them deep in the fossil record. This is one of our earliest pieces of evidence. Now, there's still arguments about which stromatolites are actually stromatolites and this continues on to this day debates and debunking of the stromatolites.
All right. That is my time for today no bonus



figures but I will see you all on Friday where we talk about multicellular karyotic life and mitochondria.
************************************* LANA G. ALLEN, RPR, RCR.
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