Microevolution
Darwin & Wallace
· Give us a new way to think about evolution in change, variations w/in a pop, some organisms are more successful (passing on genes) than other
· All of Darwin’s theories (artificial selection – nature) are missing Mendel’s theories “WHY?”
Mendel
· Eukaryotes consist of genetic traits in pairs on homologous chromosomes, called alleles
· Everyone has 2 alleles for a trait
Huxley
· Within a population there will be a mix of certain alleles (everyone has 2, in a room of 350 ppl there are 700 possible alleles)
· Look at POPULATION, like Darwin
· No matter how we mix all the alleles, even if they are mixed in different ways, the frequency of that allele has NOT changed, no microevolution = stability in gene frequencies
· Evolution = change in allele frequency within a population
· If there is a mutation and an allele is changed, lost or gained (from outside environment) there will be microevolution
Phenotype = outward expression and visibility of alleles hiding underneath, plant may look tall, but really they may have a short and tall allele but the tall gene is dominant
Genotype = inventory of the alleles that are there, expression may be masked because of dominance
Incomplete Dominance e.g snap dragons, red, white, and pink, frequency of 3 genotypes = 1
Hardy Weinberg – snap dragins; for red is is (p2) and white (p2)and pink (pq), no change 
· No natural selection
· No mutations (change in allele frequency will occur) 
· No Gene flow 
· No genetic drift - moved from other locations
· Random mating – small sample, get more variation
· Mathematical equation saying nothing is happening!
· Able to determine when change is occurring, why and what type of changes
SLIDE 12 Model
· Selection – inability of zygotes to mature to adult form to produce new gametes
· Migration – add new adults through juvenjile or adults to the population
· Mutation – has to happen to the genetic material set aside because we don’t have somatic things being passes on
· Drift – small sample size, not enough numbers to pull randomly to get back to the original sequence 
· Effect of selection 
· EX disadvantage to having a small “a” gene might imply that 50% of organisms that have it die, might affect the heterozygous, they won’t pass on and produce zygotes, when gametes are produced for population the allele frequency changes 
· Expected allele frequencies different than observed frequencies = not following the Hardy Weinberg principle
· EX (mice) – some mice like running on the wheel, select mice which spend more time on the wheel, you can breed these active mice selectively, can also breed the “couch potato” mice with only each other, within a few generations you can breed a trait into a mouse for increase/decrease of running and speed, expressed in phenotype, change in frequencies have changed = artificial selection, many selectable traits
· How strong the selection is?
· Need extreme selection for change, if selection is not great enough (ex: only .1% or .4%) no change will occur, if selection is very severe/extreme (knocking out a significant # of the individuals) and we get fixation – 1 allele dominates and one DISAPPEARS,  creates a loss of genetic variation in the gene pool
· In agricultural practises we only grow 5 potatoes worldwide, characteristics of many crops were bred out to select for most beneficial ones removing the variability and creating fixation – loss of alleles, in order to overcome this we can find outer species and bring them in to generate variation
· Example of why we have disease resistance, pesticide resistance, etc, if you knock out a genetically veritable trait (ability to survive a pesticide) and you remove all the ones that have lethal traits you start selecting for the traits that can survive, reinforce and augment the frequency of the gene or allele you do not want
· Decreases genetic variation (loss of allele/gene), artificial selection of lethal traits, create uniform characteristics
· Losing Alleles is bad because you never know when it will be of use, why we understand that most organisms have a bunch of their genome not coding for anything
Effect of selection – Hardy Weinberg analysis
· Against recessive – EX beetle; homozygous recessive allele lethal in beetle, if you take a population and start if off with all heterozygote, decrease in frequency of recessive allele within the population *allele never disappears, frequency drops and incidence is low however even when we select against the recessive it will not be removed in NATURAL SELECTION
· For heterozygous – heterozygous is the non-viable individual, start off experiment by using a recessive allele which heterozygous is selected against, the variability of the other allele rises because were eliminating one of them through the heterozygous, often we end up with the heterozygous being retained in the population – heterozygous advantage
· Heterozygous advantage – 
· sickle cell anemia and malaria, a single point mutation on 1 of the chromosomes, if you have it the red blood cells sickle (change shape) and cannot bind as much oxygen as regular sickle cells, homozygous for sickle cell amenia you have a poor oxygen capacity in blood and bad respiratory problems, if you are hetero only a small percentage of reb blood cells sickle, not as many problems with respiratory system
· Liver constantly identifies the sickle cells, and removes them but they are replaced at the same rate, liver cannot cure you
· Where malaria is prevalent, amount of those with heterozygous for sickle cell amenia is high, being heterozygous for sickle cell is an advantage if you live in a site where there is malaria, the malaria parasite invades red blood cells which are normal & sickle cell, when it invades a sickle cell it is subject to the corrections being done by the liver, therefore the liver is destroying sickle red blood cells containing malaria (In hetero) however in those with homo the liver does not take out the red blood cells containing malaria
· Sickle cell gives one a way to fight malaria if you are hetero, red blood cells are not purged the same way if you do not have the heterozygous gene
Multiple loci traits
· Not all genes have one set of alleles e.g height in humans has many alleles = multiple loci traits
· Cannot do punnet square
· Instead look at variation, normal distribution of traits 
· [image: ] Z = standard deviation, 0=mean
· Directional selection –FORCING POPULATION TOWARDS ONE END traits that aren’t beneficial will not move and will eventually not occur in the population of a species anymore e.g small tail of a bird not beneficial, other birds will not select to mate with these birds, curved shifts, no change in bell of curve
· Stabilizing selection – TAKING EXTREMES & STABILIZING IN MIDDLE taking the variation on extremes and stabilizing it towards the middle e.g baby weight at birth * a selection pressure between very heavy and very light babies
· Golden rods – fly deposits an egg in the stem of the golden rod, maggot (fly larvae) process tissues of the plant gull, maggot eats plant and comes out as a fly OR wasp deposits egg in fly larvae which feeds on the formings maggot, uses small goldenrod galls where the wood pecked can open the gull and eat the maggot inside, uses the large golden rods THEREFORE the medium sized galls maggots make will survive because the maggots in these are not eaten by wasps or birds
· Disruptive selection – how to get divergences to 2 different species, e.g finches have a variability in the size of their beaks small beaks crack open small seeds best, big beaks crack open big seeds best, normal season creates plants with a mixture of different sized seeds, there was a drought and the medium sized seeds plants died, the beak length  for medium sized beaks was no longer present, the large and small beaks increased
· Same for mutations
· For the most part mutations are not the major driving force of change in a population
· Point mutation
· Don’t need to connect to diseases
· Normal – one big fly has one red eye
· Missense –  thr one big fly has one red eye
· Nonsense – the one big (terminates too early)
· Frame shift – the one rge hyr egr one beg eyr (change causes the rest of the sequence to change)
· Chromosomal mutation – chromosomes break, put back together and mutate
· Inversions – invert
· Translocation – put onto another chromosome
· Duplication – seen in homeotic gene mutation
· Deletion
· Crossing over – chromosomes cross over each other, double crossing creates 4 different chromosome strands
· Polyploidy – something goes wrong in meiosis, instead of breaking down to become a haploid, gametes are made out of diploids, we get a tetraploid (4x the genetic compliment) = DEADLY to animals, they do not tolerate it, plants do tolerate polyploidy (tolerant of self-fertilization as well), new plants can be created with a tetraploid, can occur with 2 different species of plants, advantageous because they can take advantage of both genomes e.g wheat and rice are polyploidy plants, have fused genomes, results in a plant that stands out in a good way, creates plant diversity, plants cannot move around like animals can (stay in one position), therefore this is a different way they can create genetic variability
· Genome duplication – plant diversity, not animals
· Genetic drift
· If you have a population with a mixture of variants, it must be big enough that when you sample it the probabilities of every combination are present, you can lose an allele if it is small 
· Bottle neck effect – large population which has existed, there is some form of environmental disaster e. loss of food, habitat…and it decreases the population size which then repopulates again they have a smaller number of descendants and therefore a small variability
· American Bison, buffalo were hunted to extremes, there numbers greatly decreased, when you introduce the bison again they are only descendants of 700 other bison
· Elephants, killed for skin, now only descendants of 30
· Founder effect – take some individuals from a population, used to populate a new environment/habitat
· Finches which move from South America to the Galapagos islands, do not bring as much variability to the islands
· Human populations
· Migration
· If you have 2 populations with different variations, when you mix them you will add variation to the populations
· You can 2 pop. which may have been effected by the founder effect, etc…when you mix them the variation will increase
· Solution to genetic drift issues
· Isolated populations are subjected to found effects, if you connect them (migration) then variability increases
· Parks Canada try to do this, in Jasper they put trees and plants over the bridges attempting to connect environments which are separated by high ways and bridges

· Non-random mating / Inbreeding
· Mating is not random, darwiningly fit and their genes will pass on to the next generation
· Inbreeding – small pop breeding within itself, leads to homozygous, heterozygous split up there alleles creating 2 homozygous groups, if there is a trait that stands out it is not masked by heterozygousy
· Hazardous – leads to homozygosity and expression of disadvantageous traits
· Sexual dimorphism – sexes are separate in their appearances, female/male beetle have different shells, male birds are more colourful than females, in animal kingdom males are usually more aggressive
· Heterozygote creates an increase in homozygosity
· Sexual dimorphism – biggest random mating, males and females have distinct dimorphisms, male birds are colourful, lions are strong and fierce
· Females select males, males compete (combat, sperm competition and infanticide)
· Males and female have different strategies of the reproductive system
· Females produce eggs, metabolically produced, limited # they can produce, takes time, few reproductive elements which require work
· Males produce as much sperm as possible and pass it to as many females as possible, genes are being spread more, increases chances of genes being passed on
· Female choice
· Choose males that have good genetic traits
· Birds use signals to females about male fitness
· Female birds are attracted to males with long tails, shows he is fit, healthy, good sperm
· Birds wiggle wiggle wiggle wiggle wiggle yeeeee budday to attract the ladies 
· Male competitions 
· EX – Elephant Seals come on to land to mate (predation), usually one male mates with all the females, males are players they battle other male seal if they try to mate with their population of females, the stronger one wins
· Female has no choice
· Sperm competition
· EX –Dragon flys; copulatory wheel = male grabs hold of female and maneuvers her so she picks up sperm from him, 1st he has a special structure which scrapes out any sperm from any other dragon fly that may have mated with her and replaces it with her own, holds her for as long as possible so sperm starts to fertilize the egg, prevents the female from mating with other males and possibly having their sperm scraped out
· If female does not like male when they separate she dumps out the sperm
· Infanticide
· Opposite of sperm competition
· EX – When a new male lion takes over as head of the pack, he kills all the cubs and mates with all the females so his progeny is passed on
· Speciation
· 8.7 million organism on the face of the planet, only have classified 1.3 million (14%), able to do so by going down through kingdoms, phylums, etc
· Biodiversity is disappearing faster than it takes to name everything, losing biodiversity, we will never know these organisms that disappear/what they can contribute, this is why and inventory of species is important
· Species concept – KNOW STRENGTHS AND WEAKNESSES OF 3 MAIN GROUPS!
· Species are groups of actually/potentially interbreeding populations which are reproductively isolated from other such groups –Ernst Mayer 
· Populations when separated are different species, when they come back together we must question that (Subspecies – on the way to becoming isolated but species may still mix)
· Biological Species
· Most important
· Once we know what a species is we can broadcast it around the world
· Genus species name = how species interacts with environment
· Canola – Canadian oil, rape seed had toxic oil, agriculture Canada made plants without it and made a Canadian oil for the population
· How do we deal with fossils? Since they are asexual they are not interbreeding, biological species  great with dealing with living things
· Phylogenetic species
· Cladograms
· Species at the end of the branch – phylogenetic species, allows us to incorporate bacteria and asexual reproducing species by characterizing various characterisitics
· Works well for fossils, molecular info
· Problem of when to stop branching, where is the limit of when to drop the branch to define a species, you can always keep going on the branch
· Morpho species 
· Important when Darwin comes along, put common characteristics together ( failed with lophotrophozoic, group with no morphologic similarities, however some species look identical even though there are no similarities)
· Collapses if there are no species in the morphological characteristics or if they go in and there are no morphological similarities
· Reptiles and birds – only thing different between the two is that birds fly, are actually similarly related and should not be separated into a separate category, now birds are a part of reptile group
· Dogs – were given a species name of canus familiaris its own species, now we know the evolutionary history of the dogs, most direct ancestor is the grey wolf (canus loupus), however if dogs go wild they will interbreed with the canus loupus, it was artificial separation, now dogs are known as a canus loupus familiaris = subset of the grey wolf
· Ecological species – added in by textbook
· Niche
· Where it sits in a food web defines it, defined by ecology
· Not using phylogenetics (cladogram) or genes (biodiversity), we use the ecological relationships
· Usually all 3 concepts are used – biological, phylogenetic and morpho species *not ecological species
· Ring species
· Snakes – interbreeding and speciation occurs in their own environments and zones, yet black, yellow, everglades, gray and texas rat snake are all subspecies
· Salamanders – in California have distributed themselves  and are radiating out of dry zone, once they joined together they were separated into subspecies
· Reproductive Isolation – IN BOOK!
· Ecological & Temporal = Similar – Timing of the year, seasonality
· Ecological – 2 animals not in the same environment may reproduce well together but because of ecological distributions they do not encounter each other
· Temporal – shown on slide 68, species have different reproductive seasons therefore bullfrog won’t reproduce with a leopard frog
· Behaviour – Birds sing a song, brings the appropriate mate to reproduce, also fireflies the ones that fly are males, send out bursts of light which identify the species of the male, each burst pattern will attract the right female which sit on vegetation nearby and watch the patterns, the females respond back with a signal and the male comes to the female and mates, some females know another species light signal to lure them in and eat them to get proteins to make enough eggs, then when she has enough eggs she lures in her species and eats him too once he fertilizes her eggs
· Mechanical – Sometimes it’s impossible for male and female to mate, in insects they use a tale to mate with the female, like a lock and key, only works with certain species, also works with plants, base of plant is nectar, bugs suck nectar, pollen falls on it, goes to another one and passes it on, insects will go to specific plants, plants depend on these insects, ex orchid, moth with long tongue gets its nectar
· Gametic – Egg membrane produced can detect the sperm from the own species and recognize sperm from different species, ex sea urchin
· Hybrid inviability – Prevents development from occurring
· Hybrid sterility - Horse and donkey = mule, reaches adult form  but is sterile, sometimes there is development but the organism produced cannot reproduce
· Hybrid breakdown -  If hybrid does occur it is not as viable as the original population so it slowly gets eliminated from the population over time
· Allopatric – 2 populations are in a different environment when the speciation occurs, some event separates them from each other, when this event disappears the species may be so different that they will not mix again, 2 different species
· Allopatric speciation/Dispersal -  Species migrate to different environments, isolated, 2 new species occur,  associated with ISLANDS, ex Galapagos, Hawaiian 
· Ice age Vicariance – Ice cricket (grylloblattid), survival of last ice age, each refuge areas during the ice age sticking out of the ice is where we would bring organisms back, ice cricket can function in temperatures below freezing point, if you warm them above 6 degrees Celsius they die, as peaks retreat the crickets are isolated to these regions, cannot survive in warmer area
· Sympatric speciation – no separation of species physically, a bug fed on a seed of a plant, highly adapted to each other, an invasive plant was introduced which produced larger seeds, the insects with smaller beaks could not get to nutrients in the core, ones with longer beaks were able to penetrate, middle beaks disappeared 
· Autopolyploid – when hybridization is between eggs and sperm of the same species, two diploids reproduce, 2n + 2n -> 4n
· Allopolyploid – sperm and eggs from 2 different species of plants, resulting in a viable species ex wheat – GOOD WRITE UP IN BOOK
· [bookmark: _GoBack]If at the end of this 2 species that became their own species do mate and produce we may end up with a fusion of populations and we will lose the variation that occurred before OR might get 2 species where hybrids aren’t viable, it reinforces that the 2 populations and species are separate from each other’s OR sometimes 2 species mate and create viable young (bird populations are famous for hybridization zones), they may come back together and one may become extinct OR they may hybridize and create a new species
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