Modern Theory of Evolution and more…

· Gradual change was not accepted right away because nobody knew what was changing, now we know its gradual changes in allelic frequencies within a population

Julian Huxley (1887-1975)
· Synthetic (Modern) theory of evolution
· Population genetics and natural selection based on Mendelian genetics
· Recognizes the work of Mendel’s, recognizes that this is the source of variation within a population

· Darwin and Wallace told us to focus on variation; you cannot focus on individuals you must look at the variation within a population.
· Mendel gives us the heritable bases for this and tells us that in many cases, the variation is genetically inheritable and when we want to see natural selection, we need to be able to measure this variation and we do this within a population

· Huxley combines this and gives us population genetics and natural selection based on Mendelian genetics with an equation. (p2+2pq+q2)
· Microevolution:  the evolutionary changes that result from changes in allele frequencies in a population, or in chromosome structure or numbers due to mutation and recombination E.g. disturbing factors are mutation, selection and recombination
Terms
· Alleles: carry traits present in two forms associated with the homologous chromosomes
· Phenotype: visual expression of the underlying genes, may not tell you the allele frequency. E.g. 2 (TT) tall genes, and that population would be 100% T but the thing is you can also be tall with the heterozygous Tt, the frequency would be 50/50 even though your tall you can’t tell the persons genes.
· Genotype: the underlying genes which can illustrate allele frequency e.g. homozygous, heterozygous, dominant and recessive genes
· Same allele  homozygous, different alleles  heterozygous

Hardy Weinberg Principle’s assumptions 
· Both solved the mathematical puzzle together
· Mathematical equation that you apply to when nothing has happened; allele frequency in the population is not changing 
· Genes can be removed by natural selection, mutation, gene flow and etc.
· Principle gives us an indication that when populations are evolutionary stable and when you don’t get the same frequency in the 2nd generation that you had in the 1st then something has happened. That is when you start to question whether is was due to genetic drift, selection, mutation or etc.
· For a population to be in equilibrium, no mutation, genetic drift, gene flow, natural selection or random mating has to occur.
· When there is a change in genetic frequency then microevolution has occurred
· This principle tells you when there has not been any microevolution and nothing is happening. If there has been a change in the gene frequency, then a disturbing influence has occurred. E.g. mutation
· Example: the peppered moth had a large population to look at. Mutation is fixed rapidly so when we saw the gene frequencies of these moths changed showed that selection was occurring. It was the first mathematically demonstrated case of natural selection & microevolution. 
· Snap dragon 
· Incomplete dominance: occurs when the dominant gene does not completely suppress the recessive gene

Effect of selection- Fixation
· Selective pressure, for the most part, has no impact on the equilibrium. E.g. marathon mice and couch potato mice examples 
· Activity in mice: activity might be a heritable trait that might be selected for, split mice into two groups, one group was active they bred them with each other, and did the same for the lazy ones, then they were all active, and they identified the active gene, activity gene was changing within a population; artificial selection and plant breeding is a good example of selection
· Hard selection, minimal number of survivors and maximum number of casualties, can cause the loss of genetic variability in a population causing a homogenous effect. View figure 6.12 
· If selective pressure is weaker then there is little change in the allele frequency but when it is magnified then we can lose an allele, like when we fix on the B1 allele the B2 allele can disappear.
· This is what happens in antibiotic resistance, when we weed out the survivors.
· Look at textbook for the mice example
· Take 1000 individuals and kill 900 of them using an antibacterial and the 100 left you let them breed until they become a lot and then you hit them again they become resistant, because their going to have a different composition of the originals  classic selection pressure
Effect of selection- Recessive
· Selection in which organisms that are double recessive disappear and die which shows the change in the allele frequency, showing microevolution.
· E.g. Flower beetles with the lethal recessive allele, when put into a jar with heterozygous individuals to introduce the recessive gene into your study.
· The lethal recessive allele dies out over time and the viable dominant allele increases over time but the lethal allele never disappears, rather it asymptotes out (stabilizes). 
Effect of selection- Heterozygote
· We can select against it or create a preference for it and model it using the Hardy Weinberg principle. 
· When you put a homologous population together and select against the heterozygous, the heterozygous gene never disappears even though they have deleterious genes, also have advantageous ones as well. 
· Case: Sickle cell Anemia, if you are homozygous for it, then you are in trouble and so your RBC crunch up, carrying less oxygen in the blood. If you are heterozygous for sickle cell you will have some production of healthy RBC and some production for sickle cells. You are still oxygen compromised, but you have a manageable position. 
· The incidence in heterozygousity is shown in the slide 22, showing your advantage to being heterozygous is that the malaria invades the sickle cells as well as all other RBCs. So any malaria infected sickle cell will be destroyed by the liver.  Normal blood will not allow the liver to destroy the malaria parasite. The attempt of the body to remove those sickle damage cells also removes the malaria parasite which a person with normal blood cells cant do, advantage to high malaria rate areas. 
Selection with multiple loci traits
· Most traits that have an impact are controlled by multiple alleles, like the human tall genes.
· When we cannot measure the allele frequencies, we look at the shape of the distribution curves, like mean, where the median is and the spread of the curve (Standard Deviation)
· Directional selection: the mean is changed in one direction but the shape of the curve has not been changed, the mean point has been shifted. Thus individuals near one end of the phenotypic spectrum have the highest fitness
· Example; female birds look for male birds with long tails, so if a male bird has a short tail it is less likely to mate
· Stabilizing selection: when both extremes are selected for, the curve (deviation) narrows by stabilizing around the mean point, thus intermediate phenotypes have the highest fitness E.g. eliminating very small and very large weights (human birth mass) by narrowing the birth mass of babies is stable to an ideal weight of around 3kg. Another example is the birds with long tails or short tails are not wanted. Also, other examples are the galls of flies in plants, fly inserts egg in the flower to stimulate plant growth need medium sized galls to survive against birds and wasps. If it’s a big gall woodpecker can break it, and if its small wasp can get in.
· Disruptive selection: when the middle distribution is selected against and ultimately removed. Thus, phenotypes of either extreme have the relatively highest fitness. Classic example is with finches in the Galapagos, the beak is used to crack open seeds so to crack a big seed you need a big beak and a small beak to break small seeds, so there was a drought and the plants with the middle sized seeds disappeared. After a while there were a lot of finches with big beaks or small beaks but no middle sized beaks. When the middle-sized galls came back, the distribution went back to normal. This can create the potential to create two new morphology 

Mutation
· Review in the textbook
· DNA mutation comes in three different forms:
· Beneficial; Extremely rare in terms of how often they happen
· Neutral; most are neutral, they have absolutely no impact on the protein that’s being produced
· Genetic code: There are only 20 amino acids and there are many triplet codons that can code for the same amino acid
· Rarely deleterious
· Beneficial (advantageous), neutral and deleterious (lethal)
· They are rare, stats are that 2 mutations occur per organisms per generation, so mutations are not a driving force of change but can still introduce new genetic variation
· Point mutations
· Silence: Mutation where base pair substitution mutation does not alter the amino acid specified by the gene because the changed codon specifies the same amino acid as in the normal polypeptide
· Missense: A mutation that alters the codon to specify a different amino acid, the resulting protein will have a different amino acid sequence 
· Single amino acid mutation  sickle cell anemia 
· Nonsense: The mutation changes a sense codon (amino acid-coding) to a nonsense codon (termination) in the mRNA. Translation of this mRNA results in a premature stop, and shorter then normal polypeptide, will be likely partial. 
· Frame shift: When a single base pair is deleted or inserted in the coding region of a gene, the reading frame of the resulting mRNA is altered. This produces a completely different amino acid sequence in the polypeptide from then on
· Chromosomal Mutations: polyploidy occur when there is an error in meiosis and diploid gametes are produced. Polyploidy is lethal in animals but beneficial in plants  ARE MORE IMP.
· Inversions: flips
· Translocation: one chromosome to the other
· Deletion: something disappears
· Duplication: when double something
· Crossing over: In meiosis chromosomes come together, the tips of the chromosomes break and intermix paternal and maternal alleles
· This can happen two to three times
· Polyploidy  plants
· Genome duplication

Polyploidy and Speciation- cannot mate back with the original parent

· Autopolyploid: when there is an error in meiosis and the plant self-fertilizes. Genome duplication. 
· Allopolyploid: sperm and egg from 2 different species and create a viable individual, such as wheat. Wheat contains 3 different chromosomal sets.

· Changing allelic frequency causing microevolution
· Plants can increase their genomic content as a way of creating new individuals and genetic variation

Genetic Drift
· Populations are effected by genetic drift, which are chance events that can cause allele frequency changes within a population by reducing genetic variation. It is devastating within small populations since few individuals contribute to the gene pool so any given allele is present in only a few individuals.
Two circumstances that stimulate genetic drift are:

· Bottleneck affect- when catastrophic events occur, like drought, starvation or natural disasters, it wipes out many individuals within a population which greatly reduces the genetic variation and can cause the elimination of many alleles, even when the numbers start to rebound. E.g. hunting of the elephant seals
· Sea otters, whales and conservation of animals in zoos
· Founder affect- occurs when a small sample of individuals migrates and start to found its own population they only carry a fraction of the original population’s genetic variation. Thus, some alleles from the original population can be missing or rare alleles that were carried with the founders may become relatively abundant in the new population. E.g. Darwin’s finches at the Galapagos island, humans that colonize different parts in the world, religious groups, putting endangered species in a zoo (example of bottle neck & founder affect)


Gene Flow- migration
· Isolated populations that have been through the bottleneck effect or founders may have a different genetic makeup but were once a part of one population and have now developed into sub populations and are going through genetic drift situations
· If gene flow b/t both populations occur, there will be an overall mixing and this will increase the gene variation and stabilize the gene frequency
· Agents of microevolution that may introduce new genetic variation from another population when outside individuals join.
· Genes put in from outside population change the allele frequency, e.g. seed disperses on a heavy wind current and it will create a population that has a different genetic or allele frequency.
· When migration reaches a critical level it will become a homogenous population from small isolated colonies. Instead of trying to regenerate a habitat by remediation, it is easier to connect isolated habitats that were once a part of a bigger one. E.g. Mer Bleu Bog is an attempt to link the bog systems from Quebec to Ottawa. 
· Example: Yellowstone national park to our parks to the Yukon and connect them together so that all the animals in isolated areas will be able to migrate in between other areas to bring up diversity, Y-Y connection.
Non-Random Mating – Inbreeding 
· This is the choice of mates based on their phenotypes or genotypes, it does not directly affect allele frequencies but can usually prevent genetic equilibrium
· There are preferences for certain alleles to combine with each other. If, because of non-random mating, certain combinations of alleles are favored because of this advantage, like sexual selection, then these certain combos are more likely to be genetically fit and transfer these traits on to the next generation.
· Inbreeding: if there is a controlled population only allowed to mate within the population then there will be homozygous and heterozygous individuals. Over time, the heterozygous individuals will be eliminated since 50% of each of the respected alleles will become either homozygous dominant A or homozygous recessive a. 
· Disadvantages: diseases will appear, like in royal families by only mating within the family.
 Sexual Dimorphism
· Male and female have different genetic characteristics, like male lion has a mane while the female lion is bare. 
· Why did this arise? The female in the animal world invests time in metabolic reserves and energy into producing (limited number) eggs & incubation of the offspring. The male strategy is to scatter their genes to as many females as possible.
· Sexual Selection: the driving cause behind sexual dimorphism is because of females choosing their male mates by choosing the most suitable male based on criteria, like fitness displayed through desired looks which has fostered the evolution of extravagant structure, such as bright coloured feathers and long tails.
Female choice
· Females want to have the best possible genes to join with their eggs so they examine males by deducing whether, based on his physical attributes, his genetic makeup is viable. Active and passive choice depends on the species, e.g. elephant seals are passive.
· Example 1: long tail feather on male bird mean that you are fit and healthy so females look at long, healthy tails to choose a good mate; like birds of paradise.
· Example 2: males can showcase themselves through songs and rituals, as well as they’re looks. 
Male- Combat
· Males compete with each other and the dominant male has a pack of females to mate with. E.g. elephant seals must battle every day and giraffes
· They don’t just compete in battle; they compete with looks and rituals as well.
Male- Sperm Competition
· Male makes sure that female’s eggs are fertilized with his sperm by competing with other males. E.g. male damselfly has captured female and purges her system of any sperm from another male. Can go on for 12 hours so that no other males can mate with her until his sperm has fertilized. Female may throw out inferior sperm if she does not like that male  Copulatory wheel
· Alter the behavior of the female so she will not mate again, keeps a plug in the reproductive area of the female so if she does mate the sperm cannot fertilize the egg
Infanticide
· [bookmark: _GoBack]New male spouse may kill old male’s offspring’s so that the previous male’s genetic information is not passed on then mates with the female.  E.g. lions.
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