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I Dream of Failure in a Distant Land

The Proterozoic Eon (~2 billion years) 
· Cyanobacteria produce oxygen. World goes aerobic — beginning of the oxygen atmosphere. 
· Appearance of the eukaryotes. All single celled, no multicellular. 

Domains: Monera become Eubacteria and Archaea, and the other four Kingdoms (plants, fungi, animals, protista) are placed into the Eukarya. 
Central Dogma: DNA is self-replicating and is the information bank, creates the functional proteins through translation... 
· histones, more complex RNA synthase, and methionine as first amino acid vs. formylmethione present in archaea and eukarya but not the bacteria. 
· Eukarya are more complex… contain no operon genes. 
· Archaea is closely related to the eukarya. 

Eukarya Autapomorphies 
· Nuclear envelope with nuclear material now contained within a nucleus. 
· Bacteria would infold their plasma membrane to increase surface to volume ratio. 
· As the plasma membrane invaginates from two sides. 
· Creates a specialized environment inside the nucleus. The cytoplasm and nucleus are biochemically different to focus on their specialties (gene control with specialty enzymes in the nucleus). 
· Optimal location for DNA replication and message production.
· Endomembrane System.
· Endoplasmic reticulum — rough or smooth ER. Creates specialized environment. 
· Fluid filled space that is intercellular fluid (not the same as the cytoplasm). 
· Important for transport, can transfer toxic material around cell. 
· There are a number of pieces of evidence that lead us to this conclusion. 
· The first piece of evidence is that mitochondria is surrounded by a double bilipid membrane. The inner membrane is the original bacterial membrane. The outer mitochondrial membrane was produced by the cell as it surrounded the bacterium in the membrane that would have normally been a food vacuole. 
· Mitochondria have their own DNA which is circular, a configuration that is typical of the bacterial genome.
· Genetic sequence of the mitochondrial DNA closely resembles the bacteria genome rather than the host cell. 
· Contains its own transcription and translation system using ribosomes. 
· Use binary fission as a means of replication. 
· Mitochondria. 
· Endosymbiosis of bacterial cells that creates the mitochondria. 
· This happens with the chloroplast and plastid later on. 
· Some bacteria engulf other bacteria. The mitochondria were a swallowed bacterium that could produce ATP. 
· Mitochondria would have been happy and had a surplus of carbon compounds to produce the energy to sustain themselves (also due to the double plasma membrane now caused by invagination). 
· Enters endo-symbiotic relationship with cell. 
· Mitochondria gets beneficial conditions, surplus of food, protection. Host cell gets ATP it can use for growth and development. 
· This is confirmed due to the mitochondria having a circular DNA, GCAT ratios are bacterial, intermembrane material is bacterial. 
· Mitochondria has a very similar form in all eukarya, are in charge of their own reproductive cycle. 
· Mitochondria is inherited maternally (no genetic complications). 
· Multiple chromosomes and diploidy
· Larger genomes, multiple chromosomes — no more single circular chromosomes. 
· Multiple linear chromosomes. 
· Better for replication (large circular genomes would be harder to replicate than linear fragments, due to more starting points). 
· Diploidy: two of every chromosome. 
· If there is a mutation or change of a chromosome, could mask/take over the function if the mutation is deleterious. 
· Huge amount of variation due to gamete segregation, crossing over, etc. 
· Centrosomes 
· Composed of tubular structures (microtubules, made of tubulin, which is made of two proteins). The centriole always has nine triplets of microtubules surrounding a microtubule. 
· Called basal bodies (cilia, flagellum), called centrioles when they are at the opposite ends of the cell. 
· Direct the formation of micro-tubulin (polymers) that align end to end in a cylindrical form and make the cytoskeleton of the cell. 
· Can also control the disassembly of cells.
· …when they make spindle fibres. 
· Microtubules are guides/railway tracks for the molecular motors: 
· Dynein (towards the centriole), Kinesin (away from the centriole)
· Polarity to the tubular fibres… the molecular motors have little feet that interact with the polarity of the tubulin. There’s ATP burning that twists the body, causing the feet to walk along the microtubules. 
· There are “arms” on the top of the motors that can carry things such as vesicles. 
· Augment transportation around the cell greater than the ability of diffusion. 
· Genetic variability would never have happened without the molecular motors pulling everything apart. 
· Myosin…
· Chemistry inside a centrosome is very different, referred to as the pericentriolar space. 
· Always in pairs, except when the split apart to opposite ends of the cell, where they regenerate themselves. Tubulin made by the genetic material of the cell, but there is no understanding on how a 100% pure protein structure reproduces itself without DNA and RNA. 
· Contains information when it creates the cytoskeleton on where to place the organelles. Which is why cells always look the same. 
· Some cancers where the programming of the centriole fails, therefore cytoskeleton fails and therefore the cell is in a damaged state which becomes a cancer.  

How did Cells Learn to Move? 
· The flagellum in the bacteria is different from the eukaryotes. What did the first eukaryote cell to move? How did it get food? 
· Centrosomes may be the source of locomotion, by moving the plasma membrane forward from the inside of the cell. Recovery from the back and glides the cell forward. [CELL GLIDING/CELL CREEPING – not amoeboid motion]. 
· Centrioles created an optimal organization of microtubules in a membrane bound structure [flagellum]. 9+2 organization. Created a wiggling motion. 

Division of Eukaryote World 
· Based on the wiggling structure. 
· Unikonts (only one) 
· Wiggling structure in a groove, created a water current, which brought nutrient rich water across the surface of the cell. Cell would then use phagocytosis or pinocytosis to absorb the nucleus. 
· All animals are unikonts. 
· Bikont (second flagellum) 
· Same as Unikont but has a spare flagellum. 
· Extra flagellum could move up in the water to the photosynthetic zone. Could ingest photosynthetic bacteria and get plastids and chloroplasts. 
· All plants are bikonts. 

Secondary Endosymbiosis
· Eukaryote cells that have both Chloroplast A and B, which would be caused by eukaryotes engulfing another eukaryote. 
· Four membranes surrounding the original bacterial cell. Peptidoglycan in the inner wall of the photosynthetic organelle in algae. 

Two hundred billion years need to figure out how to become a multicellular organism, in which only two lineages of the many lead there. 

Protists as Primary Producers
· Everything is happening in the ancient oceans. 
· The single-cell eukaryotes that have become photosynthetic become the primary producers of the universe. All photosynthesis in the ocean is coming from single cell. 
· Small food source, small multicellular will form. 
· Has not changed today. Light is still harnessed in the oceans in the same way. 

Protist Locomotion 
· Flagellar/Ciliary 
· Microtubules in a 9+2 arrangement. 
· Dynein arm walking in the flagellum cause a back and forth movement (???) 
· Cilia are shorter, but have 9+2 structure, found in 100s – 1000s over cell wall. 
· Only moves in one or two ways. 
· Dynein motors crawl differentially up… not in a bacterium, in the flagellum of the eukaryote up in the shaft. Helicoid beat which is a spinning motion. 
· Planar beat… flagellum beats in only one direction, in a plane. Power stroke is longer than the recovery stroke (max. surface), so that it moves and doesn’t stay stationary (min. surface). 
· Cilia beat in at a 90 degree angle that power stroke and recovery stroke don’t tangle. (???) 
· Tremendous agility and they do the wave! Metachromal wave (beat is out of synchrony) — even amount of forward trust at all time. 

Myosin in Protists 
· Myosin moves along actin. 
· In an amoeba, amoeboid movement... 
· Actin in solution as simple monomers… hits the hyaline cap at the end of the cell and the actin gets polymerized into actin strands. The myosin moves along the actin rails and changes the shape of the cell. Squeeze and contract the cell to send the cytoplasm forward. 
· Converts the plasma from endoplasm (liquid, sol) to ectoplasm (gel). 
· At the opposite end the opposite happens gel  liquid. The cytoplasm is being replaced by cytoplasm at the back. 
· The organism, at a moments notice can change direction, by just polymerizing and depolymerizing actin.  

Protist Anatomy (The Paramecium) 
· Have a tremendous amount of complexity. 
· Ciliates are the most abundant. 
· Cilia are used to trap and capture food. 
· Series of cilia that surround the body for locomotion, but other set that drives water with a current containing food particles into a gullet/depression, creating a food vacuole at the cytostome “cell mouth”. 
· Food vacuole will fuse with a lysosome which contains digestive enzymes. Breakdown of the food and out of it will leak sugars, amino acids, single monomers that are the nutrients which will supply the cell. The final pH inside the vacuole will be alkaline. 
· Cycled through the cell by molecular motors. 
· Constant current of cytoplasmic content caused by dyonein and kinesin motors. 
· Faster and more efficient than diffusion. 
· Waste is ejected through exocytosis in a cytoproct. 
· In a fixed placed due to the structure for the reinforcement of the cilia. So that there are only two openings. 
· If the skeleton was disrupted, there would be uses with coordination of the structure. 
· Different from an amoeba because it has an amorphous shape. Can surround its food with pseudopods. At any time from wherever on their surface. 
· Don’t need to worry about oxygen because of perfect surface to volume ratio. 
· Diffusion gets rid of nitrogenous wastes. 
· Feeding — phagocytosis and pinocytosis. 
· Two types of nuclei. 
· Macronucleus. 
· Polyploid, varying in numbers. Every chromosome is represented more than just twice. Every gene is there more than just twice. 
· Gives the organism the ability to produce material very rapidly. Ex. 64 copies of the message that makes protein right away. 
· Housekeeping of the cell — makes proteins to make the wall, makes the lysosomes, etc. 
· Micronucleus. 
· Standard diploid nucleus. 
· Does nothing until reproduction. Undergoes meiosis. 
· The genome copy used for reproduction is never used for anything else. Therefore, there is less potential for damage because its never been used. 
· The animals do this too. Set aside a cell that becomes a germ line. Somatic cells vs. germ cells. The micronucleus is like the “germ nucleus”, while the macro is the “somatic.” 
· Most are marine, but some live in fresh water (like paramecium). 
· Higher salt concentration in cell than fresh water. Might lead to expansion and bursting due to the gradient and diffusion. Fungi and plant had a cell wall that prevented them from bursting. 
· There is a mechanism to deal with by the contractile vacuole (water expulsion vesicle). Part of the endomembrane system — has an environment that is continuous to the outside of the cell. Water that comes into the cytoplasm from diffusion through the plasma membrane gets immediately diffused into the contractile vacuole. 
· When it is full, it opens to the outside and squirts out the extra water to the outside of the cell. Like a pump! 
· Found in all the freshwater protists. 
· Cilia can form cirri which are cilia fused to be used for cell locomotion.

Life Cycles of Eukaryotes (defining the three Kingdoms of life) 
· Haploid — when a cell is half its usual number of chromosomes. 
· Diploid — a cell with paired chromosomes, one from each parent. 
· Meiosis — cell division that reduces the number of chromosomes in a cell in half. 
· Mitosis — chromosomes in a cell are separated into two identical sets with their own nucleus. 
· Zygote — eukaryote cell formed by the fertilization event of two gametes. 
· Diplontic Life Cycle — lives most of its life in diploid state, meiosis occurs only at a short period of time to form gametes. And if the gametes don’t fuse to make a zygote they are short lived. 
· Humans and other animals. Amount of time in the haploid state is very short (as gametes). 
· Ingestive heterotrophs are the animal like protists with this life cycle. 
· Haplontic Life Cycle — large amount of longevity in haploid form. Only get gametes form to the diploid state, then revert back to the haploid state. 
· Most fungi. Mushrooms are entirely haploid cells, spend most of life in the multicellular gametophyte stage (n). When it comes time to make a gamete, one of the haploids undergoes a morphological change (no genetics) to become a sperm/egg. Sperm and egg are released, if they’re fused they get a zygote (diploid). Then undergoes meiosis and makes four products (n) and becomes a spore that gets released into the water and travels and lands and undergoes mitosis and gets a multicellular structure again. 
· Absorptive heterotrophs are the fungal like protists with this life cycle. 
· Alternation of Generations — haploid and diploid are both dominant. Both have very distinct functional roles. 
· Plants. Fern plants are diploid, certain set of cells will undergo meiosis and they will pack up the meiotic products (spores) that will be released into the air. The products will undergo multicellular division to make a multicellular structure (gametophyte) of haploid cells. Therefore, when gametes are needed it undergoes a morphological change  fertilization to zygote (2n)  mitosis back to fern (sporophyte). 
· Photosynthetic protists follow this life cycle and are plant like and have a cellulose cell wall. 
· Multi-cellularity arose in the form of three different life cycles. The Protist world can be divided like this. 
· Parasitic (single cell organism life cycle) — 
· Malaria
· Mosquito ingests two gametophytes (one large [will become egg] and one small [motile sperm]). 
· The conditions in the stomach triggers the morphological development of the two. 
· Female gamete and male gamete form  fertilization (2n)  zygote embeds in the walls of the mosquitoes gut and immediately undergoes meiosis (n) where the their undergoes hundreds of rounds of mitotic divisions where they are turned into “sporozoites” and can swim to the salivary glands of the mosquito. 
· The salivary glands of the mosquito inject anti-coagulants into the blood they are sucking on so that the blood doesn’t clot. Therefore, the sporozoites enter the blood of the host. 
· The sporozoites now move and invade liver cells and undergo a morphological change and start feeding on liver cell contents. They get bigger and undergo mitotic divisions and become schizonts. 
· The liver cells burst  schizonts released  morphological change to merozoites (swimming)  infect RBC  become trophozoite (feeding) through morphological change and they feed on the hemoglobin in the RBC and increase in numbers  once RBC is filled the trophozoites turn back into the merozoites and the cell bursts  repeat 
· The plasmodium (malaria) changes the behaviour of the host because the RBCs all burst at the same time, decreasing the RBC count of the blood. This lowers the oxygen in the blood, causing fevers and chills and sweats (moisture gradient) that attract mosquitoes. This spreads the malaria. 
· Certain merozoites will ultimately differentiate into gametes — “gametogony” because they are formed from a morphological change. 
· Schizogony describes the multiple cycles of fission.


Paleozoic Era 
· Beginnings of multicellular life… not flowering plants and dinosaurs. 

Cambrian (550Ma) 
· Origins of multicellular animal life in the oceans. 
· Unique geological positioning of things on the face of the planet. In the oceans, the most productive parts are called the continental shelves (under the water but shallow, light penetrates, algae, predators feed on algae, incubator of life). Equator increases biodiversity.
· Straddling the equator is Laurentia (bare rock). This is where the multicellular life arose. 
· Cambrian biota (Cambrian animals) — really weird array of organisms that don’t exist anymore. 
· Burgess shales in British Columbia. In the 1920s and 30s there was a rock slide and some guy decided to clear the rocks off the trail. And there were hundreds and thousands of the same fossils.
· The dug into the shale bed and they found a bunch of unusual fossils (that were soft bodied/invertebrates). No bacterial decay on these organisms due to them getting swept into deep deep water and sediment decay fossilized these animals. 
· Fossils so complete you can find out what the fossils were eating. 
· The Cambrian Explosion 
· Because there was such a great diversity that it is said to be bigger than the diversity seen today primarily in the invertebrates. Evolution of large predators. 
· Why did it happen? Goes against Darwinian theory because it happened so fast… 

Colonial Choanocyte (Protist) Ancestor
· Cell body with microvilli (finger like projections) collar… unikont flagellum out the centre of the cell. As the flagellum beats it creates a water current and that water current draws towards the collar, through the microvilli and up the centre and out. Algae get trapped in the microvilli, consumed by phagocytosis. 
· Mats or clusters. The emergent property is that Choanocyte pump water better together than they do separately. Better access to food, increasing fitness. Selection in favour of congregation. 
· Colonies do not communicate, just work together. 
· These still exists today (thought to be the ancestor of all animals as choanoflagellate). 
· Microvilli are organized the same in these organisms (collar) as they are in the digestive tract of humans. Therefore, we all all descendant. 

Animalia 
· Multicellular eukaryotes, ingestive heterotrophs, cells with different functions (not a multicellular until cells are connected together that have different functions other than reproduction), choanocyte (ancestor, base of the fungal lineage as well) and collagen (cells stick together; only in animals) 
· Animal architecture 
· Tissues (none, diploblastic, triploblastic) 
· Ectoderm (outside), mesoderm (makes muscle), endoderm
· Diploblastic (ectoderm and endoderm) 
· Occurs in embryology… when a zygote replicates (cell divisions), turns into a hollow ball of cells one layer thick called a blastula (true tissues! Hollow ball of epithelium). Certain ones of these on the outside receive a signal and they invaginates, growing inside, creating a cellular lining around a new cavity (gastrula, formed by gastrulation) and creates a mouth. 
· Triploblastic (ectoderm, mesoderm, endoderm)  
· Symmetry and cephalization
· Asymmetrical, radial (floating, or sitting on the bottom) and bilateral (arose when movement [muscle] occurs, moving in one direction therefore sensory organs at the head) 
· Embryology 
· Protostome
· Blastopore mouth 
· Spiral Cleavage 
· Schizocoely  
· Deuterostome
· Blastopore anus
· Radial Cleavage
· Enterocoely
· Cleavage 
· Cell division occurring between the four and the eight cell stage. Four cells go on top of four cells. 
· The four cells can rotate and fit stably in the grooves of the bottom cells. SPIRAL CLEAVAGE. 
· Radial cleavage: the cells sit right on top. The animals that are triploblastic all do one of two things. 
· Gastrulation: 	
· Hollow ball of cells, set of cells that differentiate and fill the inner cavity (due to proliferation) and become the gut w/ and blastopore opening becoming the mouth. Incomplete gut. 
· Has to be a fusion of the cells at the opposite end and then have a second opening. Complete digestive tract. 
· Create unique environments in the digestive tracts… acid digestion area… alkaline digestive follows… this was not possible in an incomplete digestive tract in the cnidarian.  
· Blastopore can become either mouth or anus. 
· Body cavities 
· Coelomate
· True body cavity. Completely surrounded by mesoderm and coelomic fluid. 
· Both digestive tract and somatic mesoderm (around gut and ectoderm).
· Pseudocoelomate
· Partially lined with mesoderm. 
· Not a monophyletic event, occurs many times. Arose as a consequence of miniaturization. 
· Digestive tract with no mesoderm, only somatic mesoderm (near ectoderm).
· Acoelomate (actually the derived characteristic) 
· Don’t have a cavity in the mass of mesoderm, just solid mesoderm around the gut. 
· Coelom formation. How does mesoderm form? 
· Schizocoel: The cells located at the lip of the blastopore (junction between endoderm and ectoderm) get a single and differentiate into solid layer of mesoderm cells between endoderm and ectoderm. The mesoderm splits at the other end and a coelom forms (fluid filled body cavity). Schizo = to split. 
· Enterocoel: When the endoderm starts to invaginate, coming off the side of the endoderm are little hollow ball like tissue that comes off. The hollow ball grows. “Entero” = gut-forming. 

Porifera (No tissue, asymmetric) 
· Autapomorphies
· Choanocytes in an aquiferous system 
· Highly efficient organisms trapping food 
· Cells but no tissue (no cell junctions, independent cells, no coordinating mechanism)
· Totipotent cells
· Any cell in the body can turn itself into any one of the other cells 
· Organism made up of stem cells 
· Asymmetrical 
· No mouth
· A mass of cells with Choanocytes (picking up food) lining the inside (choanoderm) of the cavity (spongocoel), the flagellum force water up and out the top of sponge. Water is coming through the walls through pores (porocyte). 
· Pinacoderm is the outer surface of the body (not a tissue!) 
· Jelly like surface that allows the Pinacoderm and choanoderm to stick together called the mesohyal (collagen). 
· Choanocytes feed the amoebocytes on the inside of the mesohyal… if not may pass it to a pinacocyte. 
· Amoebocytes can turn into any of the other cells through differentiation. 
· Supporting structure (skeletal elements) called spicules made up of glass, calcium, protein… 
· Natural sponges used in arts and crafts are acid-boiled solution that gets rid of the spicules, which leaves it very soft. 
· First organism to trap the primary productivity of the ancient oceans and diversified in huge numbers. 
· Sponge sex 
· Choanocytes (which have a flagellum) changed their morphology into a sperm 
· Archeocytes (amoebocytes – sponge stem cells) and fill up with nutrients and become an egg 
· Sponges ejaculate billions and billions of sperm, which other sponges trap with their microvilli — gametic isolation is at play, can recognize their own species, if the sperm recognized is not their own species, the sperm is food to them 

SYMPLESIOMORPHIES 
1. Gap junctions (Cell Connection, comes at a different time to basement membrane), loss of a choanocyte 
a. Gap (septate) junctions
b. Complex that can open and close that can pass signals 
2. True tissues (internal digestive epithelium, leading to symmetry) 

Cnideria (Diploblastic w/ Embryology, Digestive Epithelium) 
· Autapomorphies 
· Cnidocytes
· Way they capture their food… jelly fish sting will Cnidocytes. 
· A little cell with a discharge organ (nematocyst), that when it touches something (triggers cnidocil) it turns itself inside out (might have bards, toxins, poisons) very very fast to penetrate the skeletons of the arthropods. 
· Polyp body plan (hydrostatic skeleton) 
· U-shaped body with a set of tentacles surrounding it 
· Gastrodermis (lines the gut) 
· Epidermis (true tissue) 
· Epitheliomusculature 
· First skeleton in animals and therefore can move 
· Skeleton’s role is to lengthen a contracted muscle (ATP can only shorten a muscle) 
· First strand of muscle (not a muscle cell) called a myonene (arranged in a circle around the central cavity, also longitudinal myonene in the epithelial — Epitheliomusculature cells) 
· Polyp shape allows the Cnideria to close its mouth to trap water, and if it contracts its epitheliomuscules, the body will shorten and the diameter of the space will get fatter. The opposite happens when the circular contract.
· All predators, no muscle 
· Mouth, no anus (incomplete digestive system) 
· Medusa vs. polyp. Medusa is the jellyfish… 	
· It’s like a polyp upside down 
· Mesoglea is the matrix between tissues, mesohyal is the matrix between layers 
· In medusa it’s a thick, larger incompressible matrix
· This is cool: The muscles that are in the circular orientation constrict and cause the outer edge of the bell to compress inwards towards the cell, compressed in the mesoglea. Therefore, when the bell relaxes it causes the bell to spring back to their original position with no ATP and no opposable muscle. 
· Lift of animal caused by water being shot out. 
· Life cycle: Jelly Fish 
· Immobile organism that grows a polyp and more polyps used for feeding, but also one used for reproduction called a gonozooid. 
· On the surface the gonozooid will produce medusa which will swim away from the parent. They undergo meiosis and release gametes and get a zygote, undergoes cell divisions to become a planula. 
· The planula moves across the substrate in a directed motion (traits of bilateral symmetry) and will stop and differentiate and create a polyp. 
· There are fossils that exist that are older than the Cambrian, which suggests that the Cnidarians and the sponges are actually a lot older 
· Coral reefs are polyps connected 
· Really important habitat 
· Most coral reefs live alongside an algae symbiont 
· In recent years the algae have been killed by the rise of sea water temperatures causing coral bleaching 

SYMPLESIOMORPHIES  
1. Triploblastic / mesodermal musculature
2. Bilateral symmetry ^not related 

Protostomia: Bilateral Triploblastic w/ Complex Embryology and Body Cavities 
· Autapomorphies 
· Blastopore is the mouth 
· Spiral Cleavage 
· Schizocoelus (both not yet)
· Therefore, the trinity is wrong! It doesn’t happen all at once. 
· Three major lineages down this line: 
· Ecdysozoa (1)
· Autapomorphies 
· Protein cuticle (exoskeleton) excreted by underlying epidermis to protect their body (arthropods and insects) 
· Only way they can grow is by shedding and put on a bigger one and grow into it: molting or ecdysis 
· No surface cilia (because of the nonliving matrix… what would cilia even do?) 
· Enterocoely  
· Not spiral cleavage, only blastopore is the mouth 

SYMPLESIOMORPHIES  
1. Collagenous cuticle / longitudinal but no circular muscles (circular muscle disappears) 
2. Epitheliomuscular pharynx

Nematoda
· Pseudocoelomate 
· Can’t change its shape by lengthening and shortening 
· Moves by contracting muscles on opposite sides of the body, whip-like motion 
· Found in soils, motion used to weave themselves in between particles
· Manages to get nerve signal to muscle cell without any intervening nerve cells, further miniaturization 
· Amoeboid sperm (amoeboid movement rather than flagellum — caused by the loss of cilia?) 
· Epitheliomuscular pharynx
· Pharynx squeezes food down the digestive tract 
· But there are no muscles in this animal in the digestive tract 
· Since constantly in motion, there is always hydrostatic pressure, therefore gut is always being squeezed 
· If the pharynx opened to swallow, the food would be shot out the muscle
· Therefore, they developed “muscle” to create two valves. These valves work to make sure the food doesn’t fly out. 
· Triradiate valve with myonene (the Epitheliomuscular) — could be related to miniaturization 

Other Branch…

            SYMPLESIOMORPHIES (Panarthropoda Autapomorphies)
· Cuticle of chitin 
· Polysaccharide polymer with n-acetyl glucosamine units
· Food manipulated by limbs 
· Captures food with appendages not just for moving. 
· Manipulate food before ingestion (don’t have to eat it in large chunks) 

Onychophora (velvet worms) 
· Autapomorphies 
· Oral papillae with slime glands
· Body wall musculature continuous sheet 
· Unarticulated limbs 
· Segmentation (units that are repeated down the body) 
· Not hardened cuticle, circular and longitudinal muscles that can change the shape of the body 
· Circular and longitudinal muscles, hydrostatic skeleton 
· Antennae, eyes 
· Appendages
· Hydrostatic skeletons that grab on to substrate with claws 
· Oral slime glands 
· Jaw that tears and the food  

Arthropoda  
· Autapomorphies 
· Articulated exoskeleton of plates
· Hinge locations where shell can bend with a membranous zone of cuticle and muscle that can contract and bend the limb 
· Muscles arranged in bands 
· No changing the size of the organism (circular and longitudinal) 
· Bands to create movements 
· Compound eye 
· Trilobites 
· Came from the Cambrian explosion and disappeared (extinct)  
· Crustacea 
· Marine arthropods, shrimp, crab, lobster 
· But these are not the ancestral form 
· Segmented body, each with a pair of appendages 
· Not fleshy, but tubular formed from exoskeleton 
· Unique: group segments together to carry out specialized functions 
· Form tagma (the groups) 
· Appendages of the mouth 
· Claws 
· Walking legs 
· Swimming legs (swimmerets) 
· Used by the female to give oxygen to eggs 
· Antennae
· This is not the same layout for each species 
· Cambrian: ancestral crustacean 
· Every appendage is the same down the length of the body (originally for swimming) 
· Appendages work as a metachronal wave with shorter recovery strokes 
· Filter feeding  
· Cuticular hairs on the limbs that will filter water being pumped down the midline of the organism into the box (and out the sides) 
· Algae (primary producers) get trapped on the filter 
· Recovery stroke pushes food up the midline with a squeeze and the food is pushed towards the mouth 
· Efficient feeding while swimming (up and mobile) 
· Important because they are the main harvesters of the primary producers of the oceans today (and in the Cambrian) 
· 



· Lophotrochozoa (Lophophore OR Trochophore) (2)
· If you look at molecular dated, genome sequences… these two morphologically distinct groups that are closely related genetically. Therefore, it’s also really really hard to name them by because there was no physical relation. 
· Lophophore 
· Feeding structure. Ciliated tentacles that trap food particles by pumping water. 
· Trochophore 
· Very unique larval stage. Band of cilia around the organism that propelled food into the mouth. Spun through the water. 
· Autapomorphies after Ecdysozoa  
· Spiral Cleavage 

            SYMPLESIOMORPHIES (Lophotrochozoa Autapomorphies)
· Presence of a U shaped gut and Lophophore 
· OR Trochophore larval stage 

Lophophore (Bryozoan) 
· Autapomorphies 
· Lophophore 
· Cilia beating with a water current that trap the food and cilia transport the food to the mouth 
· U-Shaped Gut
· Immobile, look like Cnidarian colonies 
· Have an anus (complete digestive tract) 
· … but they’re immobile, so the anus needs to be beside the mouth (U-shaped gut) 
· anus is positioned so the cilia water current pushes the fecal material away from the organism 
· Reef builders 
· Calcium carbonate 
· Geological structures in the oceans (like Cnidarians!) 
· Makes a casing (of calcium) and extend Lophophore outside of the casing 
· Hydrostatic skeleton manipulates their tentacles 
· Moss like animals because of the leafy tentacles   

Trochophore  
· Autapomorphies 
· Special larva stage 
· Mollusca – second most abundant phylum 
· Symplesiomorphies (shared with Annelida) 
· Trochophore 
· Schizocoel 
· Dorsal heart and pericardial cavity 
· Autapomorphies (not shared with Annelida) 
· Radula 
· Way they feed 
· Tongue and grinding structures 
· Sticks its tongue and teeth and slide back and forth, and makes particulate food (like a sander… sawdust)
· Organic material stuck to rocks (algae) / off the substrate 
· Dorsal Mantle 
· Flap of tissue (epithelial) 
· Secreting the shell that surrounds a mollusc) 
· Calcareous Spicules or Shells
· All produced by the mantle 
· Ventral ciliated muscular foot 
· Visceral mass sitting on top of a muscular foot (which moves) 
· Movement separated from function 
· Muscles that allowed it to hide from predators 
· Gap or space called the gill that will oxygenate the shell even when its hidden
· They can feed while they’re hiding 
· Snails (Gastropods) 
· Adaptive radiation 
· Can pull its body up into a shell 
· Most abundant and diverse due to their appearance on land 
· Hermaphrodite 
· Don’t mate with themselves 
· Every time a snail a snail finds a snail, they can mate and they can BOTH mate 
· Seminal receptacle 
· Mature the eggs and then the eggs get fertilized 
· Their own sperm production is shut down so there is no chance of self-fertilization 
· Have a dart that they shoot at each other that makes it more likely to receive sperm than to send it and then can feminize the other snail 
· Squids and Octopods and Ammonites (Cephalopods) 
· Some of the most intelligent invertebrates 
· Elongated the shell into a cone shape 
· Foot becomes a set of tentacles that can be shot out 
· Ammonites survive through the Permian extinction, original form and have a shell
· Clams (Bivalves) 
· Burrows into the sediments
· Pumps water into the body and filter (no radula) 
· Gill feeding structure and muscles that open and close the shell 
· When you steam them, they pop open, and if they don’t, then you discard them. Because they were dead already because it went into rigor. 
· Annelida 
· Autapomorphies 
· Metamerisim of mesodermal structures 
· Mesoderm repeating down the animal
· Bigger animal = longer animal
· Four bundles of setae 
· Hairs that stick out the side when the longitudinal muscles contract, pulled back in when diameter decreases
· This contraction occurs differently down the length of the animal 
· Different segments have different grip, can move the animal forward 
· Marine 
· Filter feeds, swimmers, active predators 
· Metamerization 
· Circular muscle with longitudinal muscle underneath 
· In blocks and each of these blocks is an independent hydrostatic skeleton 
· Contract longitudinal, increase diameter
· Contract circular, increase the length 
· Function in independent segments that can stretch independently 
· Important because they dig into the substrate, they drill their heads into the substrate they’re in 
· First animal to burrow into the organic sediments, instead of pushing the food out of the way, they swallowed the sediment they were moving through 
· Platyzoa (3)
· Loss of the coelom (therefore, acoelomate or pseudocoelomate) 
· Loss of metanephridia and circulatory system 
· Circulatory: due to perfect surface to volume ratio 
· Metanephridia: nothing to filter 
· Flat worm / Platyhelminthes 
· Autapomorphies 
· Incomplete gut (no anus)
· Another reason why they were thought to be at the bottom of the tree
· No longer have specialized regions of the gut 
· Complex reproductive system w/ hermaphrodism
· Testes that produce sperm that go to seminal vesicles 
· Sperm transfer between both individuals with penis 
· Eggs pass in front of seminal receptacle 
· Different synchrony of when sperm and eggs and being made 
· Highly derived organism that lost a lot of characteristics 
· There is the same amount of selective pressure to create simple organisms as big organisms 
· Loss of coelom to acoelomate 
· Mesoderm arranged in the same way, with two sheets – circular and longitudinal 
· Cavity filled with not muscle tissue (mesoderm derived) 
· Dorsal / ventral muscles that stop the muscle from constricting that much and keep the worm flat 
· Spongy 
· Cilia (completely covered) — used to move and to beat and against the substrate (propel) 
· Set of very specific gland cells that secrete an adhesive that allows them to stick to the substrate (almost impossible to dislodge them) 
· Dorsal / ventral muscles, circular longitudinal muscles, cilia and this gland are the important features of how the flat worm moves 
· Stick and move forward, stick and move forward. 
· Being super flat is very protective because it’s hard to tear of the substrate 
· Mouth located underneath and the mid/central region 
· No cephalization (sensory organs not at front) 
· Endoderm on the surface of the organism that was in contact with the substrate 
· Secreted digestive enzymes, liquefied organic material in which it was sitting on and fed on it, such as coral 
· Over time the mass of cells invaginates 
· Figured out how to eat a cnidarian without the Cnidocytes firing
· The flat worms take the Cnidocytes and if an organism eats them they will have a very bad time 
· Parasitism (Fluke Clonorchis) 
· Get into fluid filled spaces, using hooks suckers or glues and adhere to the wall of the structure
· Because they are flat they don’t obstruct movement in that space (doesn’t interfere with body of the host) 
· They can get rid of organ system (tape worms no digestive tract because they are in one) 
· Chinese liver fluke found in the liver of humans when they are adults (more than one, therefore mating can occur) 
· Eggs are discarded in the fecal waste of the host 
· The eggs wait to reach water and become and miracidium, egg will hatch into a larva that will swim into the water, which waits for a certain species of snail 
· Burrows into the wall of the snail’s body, undergoes a morphological change to a large sporocyst (inside are multiple new larva stages) — could be hundreds 
· Fills itself will Redia until the sporocyst bursts and inside each Redia there are more larval amplification 
· These little guys are called cercaria (which have a tail) and will leave the snail and swim to find the next host (hopefully a human, but also can infect a fish) 
· Burrows into the muscle of the fish and form a cyst and lie dormant and wait for the human to eat the fish (especially if they don’t cook it — OH NO SUSHI!) 
· In the Cambrian this cycle was just with the snails until a fish came a long / or other vertebrates that came up on land (flukes always have a snail host) 
· Swimmer’s itch caused by cercaria looking for the legs of ducks (the rash is fluke cercaria bites) 

Deuterostomia: Bilateral Triploblastic w/ Complex Embryology and Body Cavities 
· Autapomorphies 
· Blastopore is the anus
· Radial Cleavage 
· Enterocoelic coelom (both not yet)
· Therefore, the trinity is wrong! It doesn’t happen all at once. 
· Echinodermata 
· Autapomorphies 
· Pentaramous symmetry
· Radially symmetric (reversal) triplobasts (put next to the Cnidarians originally) 
· During larval development, it was bilaterally symmetrical 
· Secret of why comes from the fossils 
· All the ancestors are immobile and have stalks 
· Have and endoskeleton that allows them to sway or to be a rigid stalk 
· They were capturing food that was falling through the water column with their arms (new food source!) 
· Now starfish use the arms to walk across the substrate 
· Water vascular system (not the same as AQUIFEROUS SYSTEMS IN THE SPONGE) 
· Originally involved with moving food toward the move 
· Move the tube feet and how they are connected together 
· Filled with sea water 
· All tube feet have a valve that turns it into a hydrostatic skeleton as well as suction cups — they have circular and longitudinal muscles that stretch them 
· Predators (even though they aren’t that fast) and they prey on clams — uses the tube feet to pry the clam open, rigidifies the muscles and then turns its stomach inside out and places it inside the cavity of the clam, releases digestive enzymes and the cilia propel the food up into the digestive tract 
· Also feed on corals 
· Mutable connective tissue 
· Endoskeleton 
· Calcareous plates and structures covered with epithelium and articulate each other through connective tissue (under nervous control) 
· Can bend relative to each other 
· Depending on the nerve signal, the starfish can be rigid/hard or flexible 

An Explanation for the Cambrian Explosion 
· Snowball Earth / Slushball Earth 
· Late Proterozoic (culmination of eukaryote single cell organisms) 
· 650Ma there is a freeze 
· Continents are lined up in masses on the equator 
· Rock and stone reflects heat, causes a cooling effect 
· As minerals wash into the oceans (from erosion), the presence of Ca combines with the bicarbonate ion, forms a salt and precipitates out and takes a CO2 with it. As oceans lose the CO2, they pull it out of the are, and the air loses CO2. CO2 is a greenhouse gas that keeps the earth warm (removing part of the insulative blanket) 
· Aerobic world with oxygen available and is reacting with methane and destroying it (therefore there is no methane either) 
· Ice builds at the poles of the earth, which further reflects solar radiation. 
· The ice gets bigger and bigger and the ice formation can’t be stopped, the whole planet freezes under a solid mass of ice 
· When conditions return to normal, conditions are prime and reading to go for multicellular life 
· Fossils have been found that indicate multicellular life before the Cambrian 
· Doushantuo fossils (590Ma) that are about .5mm small 
· Appear to be small embryos in early stages (multicellular)  
· Ediacaran fossils (580Ma) 
· Represent moderately complex organisms (but still very simple compared to humans) 
· Modular way of building their bodies (spindle shaped mass) 	
· Repetitive branching 
· Cambrian Burrowing (around the time of Ediacaran fossils)
· Ocean bottoms were covered by an algae mat (dense) 
· Some organisms can break through this math (molluscs / radula) 
· As soon as the layer is broken, some organisms can break through it 
· There could have been an explosion due to the penetration of the algae math (burrowers with an advantage) 
· Advantages 
· Feeding 
· On something no one else was feeding on 
· Anchorage 
· 
· Protection 
· No one can get to them 
· The only way they can be fed on by another predator is if the predator is bigger than them 
· Shelled arms race 
· Animals need to be bigger to eat them, but if the shell is big enough, they wouldn’t be fed on and diversity happens 
· Developmental — hox genes 
· Molecular biology solved a major problem in terms of development 
· How do you get a homogenous egg to undergo development to produce things that are found in a bilaterally symmetric organism? 
· Homeotic genes 
· Each one of the cells have the exact genomic content but their genes in the genomes will be turned on or off based of the location
· How does a location tell a cell to turn their genes off? 
· There are a set of genes that produce transcription factors 
· This is how eukaryote genes are regulated 
· Fold the DNA in a way to express genes
· Concentrations of homeotic genes creates the signals in concentrations higher in certain areas of the cell 
· If you move a homeotic gene that had a predetermined function and move it to another part of the body, you could get a walking leg of a fly instead of an antenna
· The pattern in an organism is set by the homeotic genes 
· There is a set of genes that direct bilateral pattern 
· This complexity arose once and therefore diversity could be controlled by these genes 

End of Ordovician 
· Major mass extinction of the invertebrates
· By cooling, water gets locked up by the ice masses 
· Extinction and these were the survivors… 
· Cnidaria and coral 
· Molluscs 
· Shell cephalopods 
· Bivalves
· Gastropods
· Worms
· Echinoderms
· Bryozoa 
· Arthropods 
· Some trilobites 
· Marine forms (crustaceans) 

Silurian and Devonian (443Ma) 
· Massive explosion of multicellular plants and vertebrate fish. 
· About 100Ma. 
· Middle Silurian: Large continent in the southern hemisphere (Gondawana), Eurasian contents on the equator with a shallow continental shelf. 

Chordata 
· Symplesiomorphies 
· Pharyngeal gill slits / Dorsal hollow nerve
· Endostyle, notochord, post-anal tail and tadpole swimming
· One in the burgess shale fossils (not a lot of this animal) — ancestor to the Chordates 
· Little beast that swims with pharyngeal gill slits
· Open mouth, as it swims water passed through the mouth cavity and out the slits 
· Extracts oxygen from the water moving across them 
· Endostyle 
· Creates a mucilaginous net and goes all the way up the pharyngeal slits and good gets trapped so the food doesn’t leave the slits 
· Constantly rolling the bag of food up and compacting it  
· Cartilaginous rod called a notochord allowing for tadpole like swimming 
· runs the length of the body
· cannot compress it/shorten it but it can bend 
· the muscle blocks down the length of the body, if they contract, can bend the notochord 
· segmentation extends beyond the anal opening = tail 
· Cephalochordate 
· Invertebrate chordate 
· Burrows 
· Vertebrates (not all) 
· Craniate
· Brain with three lobes (tripartite) and cranium (protective brain case, boney) 
· Axial skeleton with vertebrae
· Don’t know whether this or brain case came first 
· Axial skeleton replaces the notochord 

Vertebrate Phylogeny 
· Cranium comes first, because Mixini (hag fish) have a cranium but no vertebrae. 
· Early vertebrates lack a jaw. 
· Agnatha
· Swim around with mouths open trying to capture food (very bony fish) but will disappear in the Permian extinction. 
· Pteromyzontida (lamprey) 
· Autapomorphies 
· Unique feeding structure with circular suction with keratinized teeth 
· Mouth doesn’t close 
· Tongue covered in teeth
· Agnatha jaw with horny keratin teeth
· Latches itself to the side of a fish and the teeth embed in the skin of whoever they’re attached too. They take a tongue covered in teeth and scratch and claw at the tissue. 
· Creates a wound that oozes blood that the lamprey feeds on. 
· Nostril on the top so that it can breathe when it’s latched on. 
· Can live in fresh water and ocean. 
· Adult lampreys lay their eggs in creaks and when they are mature enough they swim out to the oceans (like salmon). 
· Gnathostomata 
· Autapomorphies 
· Genome duplication 
· Hox genes went through two rounds of two rounds of genomes, leaving 4 genome copies 
· Provides an experimental set — bigger potential for variation 
· The bony fish have 8 copies of the original chordate genome
· Jaw
· Gill slits are held and supported by gill arches (keeps them open) — the bones grow from the dorsal and ventral side 
· Over time develops the ability to bend and stretch the gill arches to change the size of the mouth 
· Grants a way to aerate the respiratory surface without moving around 
· The gill arches gain the ability to close right up and close the mouth and become the jaw 
· The jaws origin is respiratory 
· Gains an ability to trap food 
· Paired fins 
· Two sets: pectoral and pelvic 
· Stabilize the undulations of the body 
· Not an apomorphy but there is a top fin that will resist tipping 
· Chondrichthyes 
· Autapomorphies 
· Cartilaginous skeleton 
· Not connected to the pectoral and pelvic fins 
· Held together by the body wall 
· Therefore, not a lot of agility/ability to move this fins, all they can to is tilt them a bit (very gradual) 
· Little muscular effort in the fins 
· Less dense then bone, which lightens their body 
· Huge liver that produces shark oil and their tissue is very oily 
· Manages neutral density, which is also less dense than water 
· Placoid scales 
· If you have a smooth body surface and you swim, it creates a laminar flow as you slide through the water 
· Water tends to adhere to the surface it’s sliding through 
· When a plane is in turbulence it’s losing the laminar flow 
· Create not smooth water flowing around smooth surface and then there won’t be laminar flow 
· Decreases laminar stick with the Placoid scales 
· Embedded in the dermis and creates microtubulents
· Smooth in one direction, rough in the other 
· Made of calcium and has a layer of dentin with a pulpy core (like our teeth… a homologous structure) 
· The scales become big and they become the teeth of a shark 
· Heterocercal tail 
· Upper lobe of the tail is bigger than the lower 
· Upper lobe provides most of the force; therefore, shark should be propelled to the ground except fins actually turn the force into lift 
· Unique upper jaw bone 
· Teeth are easily ripped out of sharks due to the teeth being embedded into skin, not bone 
· There’s a little pocket that is constantly maturing new teeth that come to the front, replacing their teeth 
· Teeth cannot tear food apart with the jaw
· The jaw is used to clamp down on the food, upper jaw bone is hinge
· Shark with thrash and roll and sear the organism it’s feeding on 
· If you are getting attacked by a shark, grab its nose because the muscles used to open the jaw are very weak 
· Have to swim, only some figured out buccal cavity 
· Extremely unique reproductive strategy 
· Mermaids purse 
· Female sharks only produce one nutrient high egg and when inseminated, the egg will be put into a leathery case
· Glue the mermaids purse somewhere in the ocean where its not easy to get at 
· The one egg slowly undergoes maturation until it’s a small fully formed shark 
· Some female sharks incubate their embryo in utero with a milk and placental gland so she gives birth to a fully mature baby shark that can function on its own 
· Before actinopterygii, comes…
· Symplesiomorphies 
· Bony skeleton replaces cartilage
· Teeth embedded in the jaw 
· Swim bladder or lung formed from the gut 
· Actinopterygii 
· Autapomorphies 
· Fins supported with bony rays 
· Needle like bones called rays
· Pectoral and pelvic fins have moved forward and are now connected to main skeleton of the fish
· own musculature so that they can move 
· [bookmark: _GoBack]allow for 
· Swim bladder
· Modifications of the jaw for suction feeding 


Carboniferous and Permian. 
· Things moving up on land. Vertebrates appearing. 
· Huge plants and seed plants.
· Permian — 95% of the biodiversity gets wiped out (mass extinction). 




· Guard cell: rigid outer surface with closing inner surface that opens. Open during daylight (photosynthesis), closing at night. Minimizing water loss. 
· Determinate meristem: plant cells that can differentiate into specialized cells. “plant stem cell” … meristem that can turn into vascular tissue, etc. 
· A bundle of cells whose fate can change.
· Determinate: one specific form that it will take. 
· Indeterminate: can produce more meristem — fate is very flexible.  
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