LECTURE 8: October 5, 2015: MICROEVOLUTION
Modern Theory and More:
Synthetic (Modern) theory of evolution:
· Huxley is the scientist who put this together 
· Population genetics and natural selection based on mendelian genetics
MICROEVOLUTION:
Evolutionary changes that result from changes in allele frequencies in a population, or in chromosome structure or numbers due to mutation and recombination.
Basic terms for microevolution:
Allele, Phenotype, Genotype, Homozygous, Heterozygous, Dominant and recessive.
Hardy Weinberg Principle:
· Ends up explaining how evolution works mathematically
Using the Hardy Weinberg Principle: 
· Had a p and q value in a percentile
· P^2 + 2pq + q^2 = 1 
· *This equation only works between generations if there is no natural selection

Effect of Selection:
LECTURE 9: OCTOBER 8, 2015: MICROEVOLUTION:
Hardy Weingber principle’s assumptions:
NO NATURAL SELECTION:
Directional Selection: Moving the average over
Stabilizing selection: Mean stays the same but standard deviation stays the same
*Both of these could lead to the creation of a new species
Disruptive selection: The mean is removed (middle) and we are headed towards two new normal distributions. This is the classic case of cladogenesis.
*Example, there was a drought on the Galapagos and the plants producing mid-sized seeds were having the hardest time producing seeds. There were only big and small seeds. Therefore there were only birds with small beaks and large beaks. Once the medium sized plants started producing seeds again, the population responded by distributing once again.
NON-RANDOM MATING:
Inbreeding: 
· When a population contains a certain amount of genetic variability
· A typical example is Mendel’s peas, he inbred them and identified the heterozygotes within them.
· Interbreeding removes heterozygosity (this is a problem) can spread disease etc.
Sexual dimorphism:
· Very often, males and females have different morphology 
· This can be used for fighting off other males, attracting the females etc.
· Males, due to the fact that they have tons of sperm, try to bring their genes to the next generations
Sexual selection: Male competition
· Females measure quality of males
· Competition between males, combat, infanticide
· In elephant seals, about 85 percent don’t mate, while only the strongest will mate with multiple females.
· Sperm competition
· Male dragon flies hold on to females until their sperm reaches the storage region, therefore their genes can successfully be passed on.
· Makes a structure called a copulatory wheel
· Infanticide
· One dominant lion takes care of the pride, and kills every single lion cub to get rid of the genetic material of the previous leader of the pride
· Thought that birds with small tails had healthy sperm
Genetic drift: 
· Increasing sampling size makes for more accurate results
Bottle neck effect:
· Something has come along and decimated an entire percentage of the population, therefore you may not have, among the survivors, the genetic variability that was there in the first place.
· Example: The bison, we are trying to repopulate the bison but they just don’t have the same genetic variability. 
Founder affect:
· A classic example of this in Canada is the settling of New France, these are very small sample sizes.
GENE FLOW:
Migration:
· Trying to connect isolated populations

LECTURE 10: OCTOBER 15, 2015: MORE MICROEVOLUTION
Eukaryote variability – random segregation 
· With meiosis, there is a large amount of variability possible. 
Mutation:
· Beneficial
· Neutral
· Deleterious
· Point mutations (do reading)
· Chromosomal mutations
· Inversions
· Translocation
· Deletion
· Duplication
· Crossing over
· One crossing over event doubles the genetic variability 
· When maternal and paternal chromosomes cross over, sharing genes
· Some chromosomes can cross over 2 or 3 times 
· Polyploidy
· autopolyploid
· Doubling of the complete chromosome number in a cell
· Self-fertilization may occur in plants
· Allopolyploid:
· Between species (genomes coming together)
· A classic example is wheat, they crossed and eventually led to the wheat that we crop today 
· Genome duplication
HADEON EON:
Major Eons
Phanerozoic
· Multicellular organisms
· Begins in the oceans, then later on land
Cenozoic
· Dinosaurs disappear, mammals and birds
· Nothing happened to plants or insects when meteor “hit”
Mesozoic
· Flowering plants, dinosaurs, even more insects
· Plants start to use insects to carry their pollen around
Paleozoic
· Marine invertebrates, algae, “Cambrian explosion”, first land plants and insects

Proterozoic
· Oxygen atmosphere, single celled aerobic organisms
· Eukaryotes
· 
Archaean
· Anaerobic bacterial life, oxygen starts to accumulate
· Oxygen can no longer be absorbed in the oceans, begins to be released into the atmosphere
Hadean
· Formation of the solar system and planet, ends with origin of life
Late Heavy Bombardment:
When the planets moved around, the asteroid belt was disturbed and either launched toward the centre or towards the outside of the solar system.
Thanks to Jupiter and Saturn , the small inner planets are safe from asteroid activity.

LECTURE 11, 2015: HADEON EON AND MORE
Habitable zone: Earth is the planet in the habitable zone, water can exist in ice, gas, liquid. 
Stabilizing phase: Earth now has water on land and no longer has to superheat or super freeze 
Origins of life on earth:
It is believed that origins of life on earth arrived from extraterrestrial origins (Panspermia)
Chemical evolution:

Wacky water:
· Cohesion, adhesion, and surface tension
· Solvent properties
· Ice formation
· Temperature
Polar bonds and hydrogen bonding
Surface tension due to hydrogen bonding between water molecules

Water is considered the universal solvent 
Organic evolution
Biopolymers (macromolecules)
· Proteins
· Nucleic acids
· Carbohydrate
· Lipids
The central dogma of Biology 
1. Replication (DNA self replicates)
2. Transcription
3. Translation
*RNA can turn into DNA
HIV/AIDS converts its RNA into functional DNA in the organism
Clay
Bubble hypothesis for cells
-Microsphere
-Micelles (liposomes)
- Hollow lipid droplets
-Protobionts (protocells)
- A mixture of phospholipids, creates a bilayer
LECTURE 12, OCTOBER 22, 2015
ARCHEAN EON:
Linnaean taxonomy was changed, fungi, Protista and Monera (bacteria) were added to the list.
Eukaryotes: Have the seed (nucleus) is is karyote aka kernel in latin
Prokaryote: Before the seed (nucleus)
Difference between Plantae, Fungi, and Animalia:
Plants: multicellular autotrophs
Animalia: multicellular, eukaryotic ingestive heterotroph
Fungi: Multicellular, eukaryotic absorptive heterotroph
Bacteria’s central dogma processes are very different!
Domains of life 
Bacteria:
Archea: 
Eukarya:
(see table with info differences)
Morphological diversity:
Size, shape, mobility and metabolism
Bacterial cells:
What is so important about surface to volume ratio?
· Volume increases area for reactions to occur
· Volume is a cubic ratio, surface area is a square ratio
· Big volume cells have a hard time absorbing nutrients
LECTURE 13, NOVEMBER 2, 2015: 
Bacterial reproduction:
Endospores and pilli:
· A protective, additional layer that can occur for survival of bacteria over long periods of time
· Pilli are hair-like projections in order to swap genetic material
Binary Fission:
· Completely replicating the circular genome and making two copies of the organism 
· Variation is possible due to slight mutations in the genetic code
· Because they are haploid, if there is a mutation that is detrimental, that is the end of this bacteria.
Bacterial conjugation plasmid transfer:
· The plasmid uses the pilli to make the cytoplasmic bridge, sends the chromosome over to the other side to be replicated and then changes the second bacteria
· The plasmid can transfer between all types of bacteria, but for example E.Coli, if a plasmid for antibiotic resistance gets transferred to the deadly strain, we lose control of that bacteria.
Bacterial conjugation gene transfer:
· The plasmid can be inserted into the genome, as a fragment of the circular DNA.
· Horizontal gene transfer, without reproduction, is being moved into another cell and can cause genetic variation
Transformation:
· Bacteria can pick up fragments of DNA from the environment. The bacterium can either die or survive based on this.
· Can be integrated or killed
Transduction:
· The minimal amount of material that can be used to propagate an organism.
· A virus injects its genome into the bacterium, then the virus proteins destroy the nuclear material of the bacterium. 
· The virus will then use this material to synthesize its own genome over and over again.
· The proteins creating the case for the virus will again be synthesized, then the protein will pick up the virus and it will lyse, spreading the virus throughout.
Metabolic diversity in ATP production and carbon sources:
· Autotrophic:
· Photoautotrophs (light, used by plants)
· Chemoorganotrophs (carbon, carbon bonds)
· Chemolithotrophs (minerals)
· Heterotrophs:
· Photoheterotrophs
· Chemoorganoheterotrophs (these are the animals and the fungi)
· Chemolithotrophic heterotrophs
Redox pair:
· The controlled transfer of electrons in order to receive a proton gradient.
· NAD -> NADH etc.
Nitrogen Fixation:
· Elemental nitrogen is highly stable
· The bacteria are capable of trapping energy to create protons from nitrogen that they can use to produce ATP
· Nitrogen is very important to the central dogma
Nitrogen Cycle:
· Bacteria converts nitrogen to ammonia, which dissolves to form ammonium, then goes into soil and is produced by primary producers (plants etc.)
· Nitrogen is the limiting factor for plants to grow
· Excess nitrogen causes a bloom in algal growth, then leads to dead zones.
Prokaryotes and humans (diseases)
· Can be airborne, arthropod, direct contact, or food and waterborne.
· Lyme diseases, salmonella etc.
Extremophiles (Archaea) 
· Halophiles, thermophiles
Stromatolites:
· Harnessed energy using light, water and co2. These were the first organisms to do this and led to more ATP.
· Cyanobacteria created oxygen in the water, causing the earth to rust.
· Eventually the oxygen starts to be in equilibrium with the atmosphere, leading to oxygen in the atmosphere. 
END OF ARCHAEAN 
Viruses!!!
Protein casing:
· Contains the genetic material inside, non-enveloped virus
Phospholipid bilayer:
· Contains the genetic material, enveloped virus
Viruses are not cells!?
· No cell membrane
· No ribosomes
· No mitochondria
· Only thing it has is genetics info (DNA RNA) 
Viral phases of replication:
· Entry
· Transcription and viral protein production
· Replication of viral genome
· Assembly of virions (virus particle)
· Exit (lyse)
· Transmission to new host
Lytic Cycle:
· Typically a faster spread of infection, an example is the common cold.
Lysogenic Cycle:
· Typically a slower spread of infection, lurking in our genomes. 
· An example of this is Shingles.
Exit Host – Budding:
· Can use the host membrane to pinch off and bud.
Viral Replication:
· An infecting virus needs to get its genetic material into the nuclear envelope to be able to replicate (due to the fact that these materials are not in cytoplasm, they are in nucleus)
Prions (Protein replicating functional molecule)
· Bovine spongiform encephalopathy (mad cow disease)
· The aberrant form of this disease can reproduce itself, and upon contacts with the normal form, will force it to change its shape to the aberrant shape.
· IT CANNOT BE STOPPED!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Viroids:
· A very small circle of RNA
· It can replicate itself, therefore is a catalytic property
· Hepatitis D is an RNA viroid

LECTURE 14, NOVEMBER 5, 2015 PROTEROZOIC EON:
At the start of this eon, we see the eukaryotes (still unicellular)
Eukaryote autapomorphies:
· Nuclear envelope
· Endomembrane system
· Mitochondria
· Multiple chromosomes and diploidy 
· Centrosomes
Origin of the nuclear envelope:
· Infolding of the cell membrane, leads to the endomembrane system
· As we envaginate from both sides, the nuclear envelope forms.
· Nuclear material gets packaged here.
· Now the cytoplasm does not have to do everything, allows for specialization
Endosymbiosis of bacterial cells:
· A bacterium swallows a smaller bacterium that can produce ATP from carbon.
· It was living outside and doing this, but then continued to do this inside of the cell, and the cell used this for itself to produce ATP.
· For the most part, every single eukaryote inherited this mitochondria due to high stability of the genes.
· Mitochondria are in charge of their own reproductive cycle.
· Later on happens in photosynthetic bacteria, aka chloroplast.
Multiple linear chromosomes:
· The circular DNA has been broken into fragments, this increases speed to replicate compared to a large circle of DNA
· Diploidy is added to this, we now have TWO of every single chromosome
Crossing over + Random assortment = HUGE VARIATION
Centrosomes: (centriole)
· Arranged of cylinders (Microtubules)
· Always has a triplet around the outside
· They direct the formation of microtubulin, directing the assembly of the cytoskeleton of the cell.
· Can replicate themselves and then build/replicate themselves and RNA and DNA aren’t even involved! (possible proof of protein first world)
· Centrioles build cytoskeletons that contain the instructions for where everything in the cell goes
· Cancers are caused as a result of disorganization of the cell (centrosome went wrong)
Molecular motors:
· Dyenin – moves toward centriole
· Kinesin – moves away from centriole
· Myosin – moves along a actin strand
Origin of cellular motility:
· CELL GLIDING AND CELL CREEPING 
· What we believe is that over time, those centrioles created an optimal organization of microtubules in a membrane bound structure.
Unikont and bikont protists:
· UNIKONT: Wiggling of flagellum that brought in the nutrient rich water into cell
· BIKONT: Second flagellum, could continue to feed with one, but then move up in the water with the other ones, to the Photosynthetic zone! 
Protist super groups:
Bikonts: Plantae, chomalveolata, rhizaria, excavate
Unikonts: 
Secondary endosymbiosis of eukaryote cells:

Protists as primary producers:
· All photosynthesis in the ocean at this point is coming from single celled organisms
· Phytoplankton consume dissolved nutrients
· Zooplankton eats these
· Fish eat these, then large fish eat these smaller fish and invertebrates. 
Protist locomotion:
· Flagellar
· Ciliary
· Amoeboid 
· [bookmark: _GoBack]Gel needs to be converted back into sol 

Flagellar and ciliary movement:
· Walking of dyenin arms give the flagellum a very specific way of moving
· This is called 9+2 organization
· Either moves in a helicoid beat (circular motion) or it goes in only one direction (planar) and both lead to positive motion.
· These are similar to swimming strokes (breast strokes)
· 















