

March 13, 2026, BISC300
INST KELLAM: All right. Check check my mic is not working.
Hello. Good afternoon. I want to say good afternoon -- good afternoon a small group of you. Welcome back. Today is part two of origins.
Continuing the major transition. For those here last week, this is the kind of main four things I saw repeated at least two or three times in feed back.
People liked the giant wall of key terms list so asked if I can provide that earlier. Yeah. There's a full week between the lecture and exam but I will aim to give you a week before. More practice questions, I will try. I keep running out of time to give them to you. But I will see if I can carve out time in my schedule. I want to get them to you, I will try.
More use of the white board. Yeah. Less math as time goes on from which review some are excited about and some are sad. I will try to white board any time it makes sense. And there were two feed back -- piece, about course load concerns, about how much work this course is compared to others. I'm planning to send out survey to gauge where people are at...how I planned for the work load to be in the schedule and we will see if we are...in that particular area.
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Questions about that?
Cool.
So as I said in the announcement, I posted recording from Wednesday. Weird IT things have being going on at SFU and Langara, Canvas issue may be. If you missed last week it's up there now.
Quick review for those not here or haven't watched the video. Major transitions. Start of life. Simple individual molecules, to nucleic acids...and RNA and today we will keep going up the tree looking at formation of first types of cells and messiness of prokaryotes and last major step is multicellularity.
To get there, the three things that we will need to do to become a cell is get them into a proto cell.
That's something that has a memory.
May be doesn't do all the things we think about cell machinery doing but at least we need to get these things into some sort of capsule. Then we can talk about chromosomes. Take the things that are replicating and have some sort of -- if talk about prokaryotes it's a circle chromosome usually and then last step to making a cell is all the machinery we think about being in the cell able to maintain homeostasis, replicate, et cetera.
Now, these three steps are very difficult.



So there is a famous bio gist and in 1999 she wrote to go from bacteria [reading].
So she has given a description of how difficult and how many steps need to get in place to go from nothing to a bacteria and from bacteria to eukaryotes like us.
And for those who have not heard of MARGULIS she is considered sort of Charles Darwin of...symbiosis that we will talk about today. Early proto cells we will have look at just the membranes. We have just structures formed by long chain fatty acids within water and that leads us to questions of how they do the types of things that we are used to more complicated cell membranes doing. We have complex proteins like ATPAises and transport channels and electron transport chain and a variety of other proteins that allow for cell division. The questions and research that goes into proto cells and how [reading].
How they divide in the early stages of cell formation.
Now, from prokaryotes to eukaryotes there's a variety of differences between the two. All of you have talked about prokaryotes. Eukaryotes -- one major difference is size. This is average size of



eukaryotes cell. This that is the average size of prokaryotes cell. There's a variety of things you can think about with the differences. This is you don't need to know all of this but there's a variety of different things that we see are different between the two. So in order for this to happen all of these changes also occur with the evolutionary transition.
Some are obvious. If you were asked in a first year exam, deference between eukaryotes and the prokaryotes, you would probably say the first two.
[Reading].
So by membrane bound organelles we mean special structures in the cell surrounded by membrane. That's [reading].
Now we can look at differences in motility.
Cell wall and plasma membrane. [Reading].
What is really interesting is if you look at ribosomes here.
So within prokaryotes, they have smaller 70S ribosomes.
Whereas in eukaryotes they have two different size of ribosomes and depends where they are found within the cell. The larger size are found within the cytoplasm and the smaller ones, 70S are found within organelles. This is kind of weird and the researcher



I brought up before, MARGULIS is like it's weird that why do chloroplast and mitochondria...why find...also why is that ribosome identical to the ribosome size we see in bacteria.
And remember back to our tree of life, the first one assembled, the way they did it is look at ribosomal RNA. If you look at that of those that you find in chloroplast, they are very closely related to the ribosomal RNA of bacteria. This is a first piece of evidence for what we know now is endo...the things that look like little bacteria within the cell are originally bacteria that were engulfed by a larger preeukaryotic cell and didn't get digested...so this leads to the idea of endo symbiotic theory. This is the chloro plast and mitochondria of corn. If you just look at their DNA, it puts corn as a full thing within bacteria but corn itself is a eukaryote.
...the question is which came first.
Did the chloroplast get engulfed first or the mitochondria. All...all the mitochondria is closely related to each other. There are multiple chloroplast types so seems like all mitochondria evolved from one...symbiosis. The current theory is that you had this bacteria, it was engulfed by this an robic preeukaryotic cell and it was ate and not digested.



The membrane around it disappeared and continued to live freely quote unquote within the cell. Over time the two co-evolved with each other. They started to depend on each other. Transferred genetic information and now we can't live out that and that can't live without us. The second thought is photo synthesis is gained through the engulfment of photo synthetic bacteria. This is bacteria CYAN in colour and they are engulfed by early eukaryotic cell. This has happened multiple time in algae. A lot this is...all of the different lineages of ALGAE...chicken is not a chicken. For example. You will learn a lot about endo symbiotic theory...and gets weird because you get like -- this one eats this one, that's primary and that one eats another thing is that's secondary and kelps have under gone tertiary and it's wild and this is how we think we arrived at plant cells that have both mitochondria and both chloroplasts...we talked last class about the idea of a universal -- last universal common ancestor. The idea of LUCA which is our shared ancestor between all current living things. There's complexity about whether or not this individual was an individual.
Or whether or not this was kind of a cloud of life that was all freely exchanging information with



each other. So the idea is universal gene pool, I picture a swimming pool, and LUCA is not a single species but the constant mixing due to horizontal gene transfer. So bacteria can transfer genes and the idea is three different forms evolved from that pool. So we have bacteria archaea and...the idea is they will pass a Darwinian threshold. That's a point at which replication has like self replication has a prominent role in the next generation. Basically you switch from replicating from sharing genes and alleles side ways to vertically. You can basically leave this cloud of specieslessness to becoming distinct lineages. This is pool and you are all doing horizontal gene transfer and at some point these three lineages changed and called the Darwinian threshold because this point on we have what we need for natural selection to occur. Here we have decent with modification and we have heritability and differentialness. Another hypothesis is we call the ring of life hypothesis.
The ring of life hypothesis is shown up on the top right.
And it's the idea that after the three lineages split or after sorry after two lineages split off, one archaea and one bacteria combined to make the third



major three of life. Eukarya. This is the result of affusion between a bacteria and archaea. In some versions of this tree of life theory the bacteria partner becomes the mitochondria. And in some version the...and maintained as nucleus. This is on going research trying to...we also have a nucleus with DNA in it's own...now the chron site hypothesis is deferent. Instead you have bacteria...both of those combine to make the third tree of life. The other idea is there would be another type of proto cell called a proto site...developed the ability of phagocytosis...this we don't think bacteria or...can do in the early days...engulf in archaea and basically kept that archaea within in it as a nucleus. Not sure what order this happened. Whether this engulfed and gained a mitochondria layer or if they were gained at the same time. Other hypothesis. One is that eukaryotes and archaea developed separately...there was no weird mixing at all.
The other idea is that instead of you have a pool and you have three or either you have two things that emerge from the pool combined to make a third and now three things out in the world on their own or three of them come out separately, two come out and one splits into two lineages. Third option is



everyone in the pool. There's a lot of diversity of types of life like these. Like with bacteria and archaea...and mass extinction. Everything in the pools dies except for...you get the three main branches of life. That's an interesting idea.
This makes things complicated because you get vertical -- sorry. Vertical gene transfer you pass genes from you to the off spring.
...this makes things really complicated when it comes to determining how things are related. The fact that bacteria can do -- if you look at gene and two things have this, when looking at eukaryotes that is a indicator of close evolutionary relationship. This is not always the case.
So especially genes that are very useful for things like resistance to like novel pesticides.
These gets shared fairly -- at fairly high rates.
So if we look at say a bacterial reductis gene, which is found in archaea, it evolved here.
It has been horizontally gene transferred into the bacteria clade. If you look at this bacteria it has archaea gene within it. So if you were to try to build this tree of life based on that gene you would accidently end up putting a bacteria within the archaea clade or vice versa.



The problem with this is means we can't trust a tree based on one gene anymore. When this type of lateral or horizontal gene transfer exists. When you do this type of analysis you need to look at a bunch of different genes, and then go with okay, statistically we will go with the option that makes the most sense the for the most amount of data we have. Four option here.
We can have bacteria splitting off...[reading].
All three are kind of like equally branched apart or bacteria and eukarya are closer than archaea. You can see how many different...so what scientist now have to do is say, okay, probably we have the most evidence now for this being the case.
Eukarya and archaea being more closely related than bacteria because more of the locations we looked at support that lineage.
Again, assuming more of those are transferred vertically than laterally.
Now, when we try to figure out when the split happened, we can look at models using our molecular clock hypothesis. 95 do little did this and looked at set of house keeping genes. Genes that are highly conserved required for the cell to keep doing all the things. Based on this he suggested, assumed, if only



vertical gene transfer was happening then bacteria and archaea should have diverged around two billion years ago but now we know about lateral gene transfer adding that into the model the true split was probably about a billion years further back in time. Because they can transferred...than they actually are.
So because of this type of horizontal gene transfer the fact it happened for so long in our history, continues to happen in some lineages, some argue we should not think of it as a tree of life and the murkier parts of the past but the interwoven web. This is from the text. It's pretty I think. Looking at this tree would look like. Much more woven than the other...trees we looked at.
Okay. On to the last topic for today. Move from eukaryotes to multicellularity. We think multicellularity evolved about a billion years ago. You have independent cells coming together to operate as a unit and coordinate with each other. This means some individuals forfeit their ability to reproduce...now there is some benefits to multicellularity and some experiments done. This is a green ALGAE. Popular and cheep to order for labs.
It's been used a long time and kept in culture and sold for first year biologist to look at. And these



researchers order a culture of this and propagate within labs for thousands of generations and they had always seen it's just a single cell of ALGAE. They then added a predator. They add...it can engulf and eat the ALGAE. Within 20 to a hundred generation the algae became multicellular again. The benefit to this is if predator is trying to eat you via pack man style, if too big too fit into the mouth you survive. When there's selective advantage to being multicellular you see this behaviour. There's not a lot of genetic diversity change within the generations so the authors of this paper suggest the ability for the organisms to do this is always there but it's a fixed genetic adaptation. A phenotypic plasticity within the organisms. There's some other benefits.
One is that larger organism...more buffered from the environment. If you are one cell put in hot environment you will change temperature more quickly than a larger organism. Up north you see larger mammals. More stable. If you are the pack man, if you are bigger you can eat larger things. Get richer food resources. You can also -- this can from evolutionary arms race of the pack man versus the name of your character.
Three, you can be more complex and you can do



new and interesting things. You can't develop wings from one cell. So you can ends up getting into new activities which allow for new niches and resource extraction and specialization of labour. It's more efficient to have a cell specialized to make am lace and pepsin within your stomach than one cell that has to do everything.
More effectiveness. So one cell doesn't need to do it all.
Now there are major costs. So not all things are multicellular. So there must be a trade off as is for all of these things with multicellularity. One is longer development. So you can stay small and just reproduce right away. To become a large creature takes time...both until reach maturity and...longer it takes for things to diffuse. Relying on simple diffusion on it's own doesn't work. I remember sitting in on a one of Kevin lam's lecture when I TAed and he said for oxygen to make it from toes to the top takes longer than I forget the number. I should quote him better but there's no way we can be as big as we are relying just with on diffusion. So we have to put in extra energy in systems in our body to account for this. We need a circulation system. We need more advanced respiration systems. Et cetera. We don't



get into that.
Physiology course.
You can look at what this results in for how much energy it takes to maintain these cells based on the size and complexity of the individuals.
So this shows the measure of complexity which is the different average number of cell types. Log.
This is the metabolic usage per cell. [Reading].
And as things get more complicated they get more costly. That's the third cost to multicellularity.
The fourth things comes back to our talk on Monday about cooperation and conflicts. Which is selfish actors.
So if you are multicellular and sacrificing the good of your cell division...this is cancer. You run into the issue of cells being under high selective pressure to mutate and go back to a unicellular life. This is a hard problem to solve. It's only been solved threeish times.
And that results in the three major lineages of eukaryotes. We have protists. All eukaryotes except these groups and...so there are three different solutions to how to keep cells in check from being cancerous and uni cellular again. Three.



We call this the parliament of cells. How do you keep the governmental organization of the cells within the organism in place. In plants, plants solve this with a cell wall. Put individual there, they stay there.
They can get cancer, like you can get crowns on the base of plants, they can not migrate then up to the reproductive parts of the flower. Locked in place. Can't pass the selfishness on to the next generation. Fun guy have...quality check. Like
our -- when our cells are replicating they go through G one and G two check points. Same. They have more complicate mechanism to make sure they have the requirements to...we do this with a germ line. The cells that we are going to use in reproduction are set to the side. They are not the cells under going...throughout your body don't get passed on to the reproductive cells.
So if we throw this on our time line, from last class, big bang about 16 billion years ago.
Solar system condensing. Earth forms about 4.5 billion years ago.
Remember there's heavy bombardment until about 4 billion years ago...if life existed it will be vapourized. RNA world. We get to DNA based life.



More stable.
And then we get the evolution of the photo synthetic bacteria, early photo synthetic eukaryotes and as a result, these photo synthetic organisms makes a lot waste. They pollute the environment with oxygen in the atmosphere and result in a Cambrian explosion. That results in a lot of eukaryotic development and...because allowed for cellular respiration. Our ability to breathe using oxygen and the sugar produced...lot of energy to do this multicellular...things we think of as causing this.
One is environmental. Suddenly lots of oxygen in the atmosphere and at the ends of a major ice age and therefore just overall the physical conditions were ideal. Developmentally, we saw the development of what are called HOX genes. Developmental genes that tell the body where to put what.
So there's a particular gene that says, we should have two arms here, two legs here.
If you mess with these, which developmental biologists have done, you can do it in fruit flies and they grow a leg on the top of their head or -- pretty wild stuff. Because you have this rapid diversification in HOX genes...there's a lot of selection that can happen on that. Rapid evolution



and last is ecological. As you have more of these species emerging it's a positive feed back loop. [Reading].
Which results in rapid diversity of life.
Now, when we go past the Cambrian radiation we run into the mass die off events called extinctions. We define that as basically any time a particular species goes extinct. Like the dodo bird but we can also talk about it in more nuanced terms. We can also say things are extinct in the wild so meanings that there are still living species of these organisms but within human control specifically.
And also things functionally extinct. If we have time I will play a video about that. Cool or sad example is the passenger pigeon. Wide spread all over North America into the 19th century. It is said the...they blocked out the sun for days of the flocks and they went extinct. Due to the fact that are bred rapidly and hunted by humans out of existence...
Now later in term, two lectures now we will start to talk about speciation which is the other side of the coin. These usually balance each other out.
We see balance of extinction rates and...this can get out of whack. Two major types of extinction on a global level. There's background extinction. Which



is gradual and on going. Roughly typical rates are between.1 in one species per million species, per year. And...events where over 50 percent of species world wide have died out and there have been five so far.
So here are the five major mass extinctions. The first one is about 445 million years ago.
This probable cause, we weren't there but we think due to a intensive ice age. Physiological or physical and geological processes happened. Made habitat less habitable and therefore 60 to 70 percent of organisms died out. The next is DEVONIAN period. It's my favourite. Obviously not for the organs who died conceptually it's cool. This was a drastic drop in oxygen levels in the ocean. If you know about time periods in the last lecture, I told you this is about the time we got the development of large land plants.
So what is hypothesized to have happened during the DEVONIAN is the that the ocean was killed off by trees. Trees starting to grow into bed rock and broke it up, you got water rushing down the soil. All of those nutrients, phosphorus specially rushed into the ocean and now you have a lot of high phosphorous, if you have taken ecology, what do you think about that in the water body? Algae blooms. Algae eat it up



quickly and they need to burn oxygen and they eat up all the oxygen in the environment leading to EUTROPHICATION. The amount of oxygen in the water goes down rapidly so trees are thought to have cause this particular major die off. Which I think is funny because we are so hard on ourselves but trees did it first. The next three are all to different levels of debate assumed to be as a result of asteroid impacts. A lot of these mark the starts and ends of different time frames as you see. A lot of debate now about with current rates of extinction if we are the cause just like the trees were back in the second, of impending sixth mass extinction.
Now, the data we have on this is that if we assume background extinction is about.1...per year. I have not up dated this, as of two years ago we were at about a thousand times higher than background.
Depending on which model you run for if this trend continues, we are likely to be about ten thousand times higher, obviously depending on which climate model you look at.
Okay. On the note of climate models, one thing I forget to mention is the SFU student society asked if I would share this. They were doing a current climate summit. They sent me this. This is happening



on March 22. It's all day event.
This is sub. There's free food. I would go if I was a student and free food.
And it's basically where people from deferent majors get together, you do a bunch of mentor ship and net work and learning about bridge between government and academia and you basically do a project, interdisciplinary policy case challenge based on food systems and there's a thousand dollar prize for winner. If you are interested I will post these slides.
You can scan this on the video. Okay.
Last thing I will do is, I talked about the different types of extinctions. And how there are organisms considered functionally extinct. One example is north white Rhinos. We will ends with a video and then we will be done for the day.

[video playing].


INST KELLAM: Can we hear this?


[video playing].



INST KELLAM: All right.
There's also a super interesting implication when comes to conservation. Resource allocation and at what point species become no longer worth saving.
But yeah, I will save that for if you end up taking a conservation class. Have a lovely weekend. I will see you next week.
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