MODERN THEORY
- how we combine genetics/heritability with our understanding of evolution
- Mendel demonstrates that traits are heritable (predictable way of what happens in the next generation)
- Huxley moves forward and figures out that there is a way to explain Darwin’s traits moving from generation to generation based on what Mendel saw within his peas
- Major breakthrough: apply genetics to how heritability occurs & apply it to a population of organisms (Darwin vs Lamarck)
	- Lamarck – individuals change and pass on their traits (big flaw)
	- Darwin – there is an innate amount of variability within a population of organisms & the ones that have favourable traits pass them on to the next generation (Darwinian fitness)
	- individual vs population
	- Difficult: how do you do genetics of a population? When Mendel only gives us variation within an organism within the pea plants
	- Huxley (1887-1975) pull these 2 things together
		- how we end up with the Modern/Synthetic Theory of Evolution
		- Darwin NEVER gives it to us		

Microevolution
· Evolutionary changes that result from changes in allele frequencies in a population
· The POPULATION changes not the individual
· Huxley takes Darwin’s idea of variation within a population and applies Mendel’s genetics to it
· If we can detect changes in allelic frequency to mutation, and we see a change in the frequency = EVOLUTION
· Peppered moth – allelic frequency change that was documented, 1st instance of a natural population going through an allelic frequency change = evolution/natural selection is occurring 
· Microevolution – not making new species, but we’re heading toward a path to make new species because of allelic frequency changes can be detected
· Issue arises – most people don’t understand that natural selection is a change in allelic frequency = natural selection. Natural selection can lead to new species

Some basic terms for microevolution
· Mendel – only way that he can make his crosses and predictability work is that every organism has 2 packets of heritable material, doesn’t know that it’s DNA & genes, math will only work if it has 2 alleles/characteristics
· Allele – genetic package
Meiosis – diploid to haploid when gametes are formed
Haploid to diploid when packages recombine
· Phenotype – appearance of an organism, not necessarily related to what the actual genetic combination is because there is incomplete dominance, there are things that when you recombine you get intermediates with it as well
· Genotype
· Homozygous
· Heterozygous
· Dominant and recessive

Hardy (1877-1947) and Weinberg (1862-1937)
· Independently figured out the mathematics of predictability on genetic recombination within a population
· Both published at the same time
· Identified that their solution is the Hardy Weinberg principle 

Punnet Squares
· Mendel puts together an analysis mathematically that the only way you can get predictable results is if there are 2 alleles & that they separate from each other only to recombine in the next generation 
· This is the ONLY way the mathematics is going to work
· Mendel’s work is considered as a law
· There are mathematic statements how 2 alleles are recombined in a population
· Mendel – if the traits used in the analysis were on the same chromosome, none of this will work because traits have to be on separate chromosomes 
· Independent assortment works because traits were all on separate chromosomes

Incomplete dominance – snap dragons
· Darwin – don’t look at the genetics of an individual, look at the variation that is within a population
· Hardy & Weinberg figure out how to apply Mendelian genetics to a population
· Know the allelic frequencies within the population 

Using the Hardy Weinberg principle
· Hardy & Weinberg figured out the mathematics of predictability
· If you have a population is undergoing random mating, what is going to be the allelic frequency when you recombine the alleles? Diploid  Haploid  Diploid what would you expect the population to look like?
· They take Mendel’s punnet square– gene frequencies are placed on the top & side row- and used it in a way to predict the allelic frequency of the next generation
· p2 + 2pq + q2 = 1
· Hardy & Weinberg gives us a way to measure a gene frequency in a population & way to predict what will happen in the next generation
· Gave us the mathematics to prove whether allelic frequencies are actually changing within a population 
· Population genetics – when allelic frequencies change, one of the things that may be going on is natural selection 


Hardy-Weinberg principle’s assumptions
	- prediction won’t work if there was natural selection, non-random mating, genetic drift, gene flow, mutation
	- if allelic frequencies change, it is not necessarily natural selection. It may be random mating, genetic drift, population size, gene flow, or no mutation
	- other 4 weren’t accounted for in the peppered moth experiment
	- gene frequencies don’t change, giant mathematical proof of nothing, if it changes…
1) No Natural Selection
· No allele is favoured as a more fit allele to be passed on the next generation
2) Random mating – sexual selection (non-random mating)
· Individuals in the population are seen as more viable or fit by the mating process when males select females and vice versa
· Bias based on morphology
· If allelic frequencies change, it may be natural selection or non-random mating
3) No genetic drift – population is large
· With large populations, you will get what you expect statistically – sampling error
· If populations are small, you may not get expected probabilities in the remixing 
· Small populations often don’t reflect the original genetic composition of the founding population – the same allelic frequency is not seen
4) Gene flow
· Some alleles migrate out of the population 
5) No mutation
· Mutation – genes may change overtime 

Effect of selection
	- many of traits are controlled by multiple genes – complex things can be heritable
	- mice experiment – active vs lazy mice 
1) Fixation
· If we have very low natural selection, there is a percentage removed that makes an allele detrimental for the population – weak fixation
· The allele is never eliminated from the population even if there was weak fixation – in terms of genetic variability, selection NEVER removes alleles from a population
· Natural systems maintain alleles within a population
· FIXATION – within a population, one of the variants is lost forever -> very strong selection 
· Ex. Selecting for survival vs dying – the use of antibiotics. In the populations of bacteria fought with antibiotics, we are selecting for survivorship by a small percentage of the population. While doing that, we are FIXATING on the ability of the bacterium to survive. The population then becomes dominant and very few individuals are attacked by the antibiotics. So, new antibiotics are created to kill the population. Medical system ensures that the only bacterium that survive are the ones that are completely resistant to antibiotics and treatments. As a consequence, we have superbugs in hospitals. We have done a genetic fixation on the microbes we use. It includes bacteria & diseases. 
· In natural systems, we always maintain the base level of all genetic variability. But we’ve done severe damage in terms of fixating genes across the globe. 
2) Against Recessive
· do predictability
· ex. Beetle has a gene that if it’s double recessive, the gene will kill it. It has the ability to metabolize a certain compound. Population = heterozygote, gene frequency is 50%. Mild selection does NOT remove alleles from a population it just suppresses their frequency.
· Hardy-Weinberg allows us to predict things we will see I natural populations
3) For Heterozygote
· There is something that is retaining the allele in the population that we wouldn’t expect in Hardy-Weinberg
· Heterozygote advantage – occurs in all kinds of circumstances
· Most classic one is Malaria 
· Malaria is involved in transmission of a protest pathogen to individuals through blood systems. Those individuals who have sickle celled anemia have a hemoglobin that has one amino acid replacement in the hemoglobin chain. Hemoglobin doesn’t load oxygen properly, aggregate together and change the shape of a RBC.
· Incidence of sickle celled anemia matches the incidence of malaria
· Having sickle cells provides a mechanism to kill off the malaria parasite. There is a heterozygote advantage.
· Malaria plays a role in history in terms of how Western Europe was not able to build a sustainable population in the middle east since they were not resistant to malaria until a cure came along
· Quinine was a drug that was distributed as quinine water aka tonic water. But now, malaria is resistant the drug.

Selection with multiple loci traits (Quantitative traits) 
	- most of traits are a result of multiple genes having an effect/polygenomic/multiple loci, there isn’t a gene for 1 trait, how do you measure gene frequencies? 
	- deal with traits that are variable within a population 
	- Normal Distribution/Bell Curve – median (mean-average) + spread (plus or minus SD)
	- true/actual value can’t be measured, but with more measurements, an accurate estimation can be made
	- Bell curves are important when dealing with complex traits
1) Directional selection
· Ex. We are selecting against/the thing that is disadvantageous is short tail feathers
· Overtime, a shift happens = Directional selection (ex. selecting AGIANST short tail feathers)
· Directional selection = mean changes, spread does NOT change
2) [bookmark: _GoBack]Stabilizing selection
· Both extremes can be selected (long & short tails is a disadvantage)
· Stabilizing selection = mean does NOT change, spread REDUCES
· Ex. Goldenrod galls
· When a goldenrod gall fly wants to lay an egg, it flies up to the goldenrod and sticks its egg laying apparatus inside the stem. The fly larva produces chemicals that are equivalent to plant growth hormones. It induces a cancerous growth in the plant = swelling of the stem. Cancerous plant tissue is its food. Turns the plant to a feeding machine. Ultimately, when it matures, it creates a hole in the gall, pupate, becomes a fly and does it all over again. 
· Larva/Protein inside the plant is an ideal food for wasps. Wasps lay their egg inside the fly. In the end, the fly larva becomes a wasp.
· Fly larvae that create big galls are immune to attack
· The woodpecker attacks the large galls 
· For fly larva, it’s ideal to create a gall not too big or small
3) Disruptive selection
· Middle of the distribution curve is selected
· The mean is maintained, but 2 separate curves are created
· Most probable way to create new species
· Ex. Finches in Galapagos – seed feeders
· Major drought in the Galapagos islands, plants were not able to reproduce/laid dormant, plants that survived had seed size did not have a normal distribution
· Finches that fed in the mid-sized seeds disappeared because the size of their beaks are proportional to the amount of force needed to crack seeds open
Natural selection works in a number of ways in the various groups that are there. The most important is the concept that unlike Hardy-Weinberg, in populations where there are multiple allelic things, we need to know & watch the change in the variation

Non-random mating Inbreeding
· Inbreeding
· Inbreeding – what you have in a population is a set of individuals that are mating in a very close population, heterozygosity is going to diminish
· how Mendel made his peas, he bred out by selecting for the extremes any heterozygosity, how he was able to get homozygous pairs that were only of 1 trait
· Inbreeding is NOT a case of natural selection because the gene pool doesn’t change, it is just distributed differentially between the homozygote and heterozygote pairings
· even if 1 is deleterious, it will increase its prevalence within the population 
· Heterozygosity is an important characteristic in the population because it helps retain genes in the population & masking the deleterious effect
· inbreeding brings the deleterious effect to the front
· ex. Royal lineages of Europe, hemophilia
· this is now Mendel got his traits to do his work, but it is NOT a case of non-random mating
· Sexual dimorphism
· Typically, an animal phenomenon
· There is often a dimorphism between males and females
· Dimorphism is important because females select males based on their characteristics (i.e. brighter coloured, larger)
· Some males are more likely to have their genomes passed on the next generation = fitness
· There are 2 reproductive strategies between males & females. Females have a limited number of gametes they can produce in a lifetime. Resources are put into fewer eggs and try to guarantee their survival. Goal: find the best sperm to fertilize eggs. Males produce a lot of gametes and spread them everywhere.
· High metabolism, well nourished, fit = adornment to show off to females 
· Sexual selection
· On males – female choice
· Ex. Female birds mated with males with long tails more frequently
· Adornment signals that male is fit (i.e. colouration, behaviour, morphology)
· Ex. Bird mating dance
· On males – competition 
· Combat
· Ex. Giraffes – hit each other with long necks
· Ex. Elephant seals – dominant males mate with hundreds of female seals but females don’t have high success in reproduction
· Sperm competition
· Ex. Insects – when they mate, males give a package of sperm to the females then the females move the sperm into a storage region
· Ex. Dragonflies – males attach to females, guarding them. Males scrape out sperm out of the female, deposits its sperm and holds on to the female long enough for the sperm to migrate to the storage region in order to succeed in mating
· Males make sure that their sperm is in the best situation to compete for access to the egg – sperm competition
· Females can eject the sperm out if they don’t like the male
· Infanticide
· Common in predators
· Ex. Lions – males compete with each other & dominant male kills the cubs of defeated lion because they contain the genetic information of the defeated one
· Females go into eustress and are ready to mate again to produce new cubs

Genetic Drift
	- case of sample size
	- if there is a small population, there is a possibility that an allele disappears - fixation
	- large population, random mating – get statistically predicated values
	- large sample size is required for random mating to occur
	- when random mating does not occur, it is referred to as genetic drift
	- alleles drift away from the expected percentage within a population
	- both affects deal with small populations
· Bottle neck affect
· Huge populations of organisms in one area then something comes along (i.e. a disaster) & decimates them down to only a few individuals in the same area
· Don’t get a lot of genetic variability because the sample is too small
· Ex. Buffalos – thousands reduced to less than 100, went through an extreme bottleneck & loss of genetic variability, don’t have a lot of inherent variability that allow them to survive many diseases & pathogens they would naturally encounter
· Ex. Elephant seals - descendants of less than 100 seals that survived, have a lot of inherent problems 
· Founder affect
· When a population that is a subset of a much bigger population 
· A population is lifted up and moved to a new location
· Ex. Humans – due to religious & cultural isolation

Gene Flow – migration 
· Genetic material is moved around from one population to another – won’t get what we predict
· If genes flow in a disproportionate manner – don’t get what we predict
· Distributions of large populations become patchy
· Ex, Highway created an allopatric separation of the populations of organisms, began to genetically drift apart because they were isolated. Habitat bridge project allow populations to mix along the bridges.

Eukaryote variability – random segregation
· One source of variation in the population that most people don’t think about
· Eukaryotes undergo meiosis to create haploid gametes that recombine to the diploid state = source of large variability
· Most of genetic variation comes from the combination of haploid gametes, and not mutation

Mutation
· Beneficial, Neutral, Deleterious
· Less than 10 genetic mutations in a lifetime
· Correcting mechanism renders most mutations neutral
· Genetic code
· Is redundant = amino acids are coded by more than 1 triplet/codon
· Mutations are very rare
· Point mutations
· Silent
· Mutations does not affect the amino acid replacement
· Missense
· One is added or removed, complete new amino acid added in
· Sickle cell mutation 
· Nonsense
· When codons that initiate the stop codon early
· Frame shift
· A nucleotide gets inserted & everything else is misread because of the shift in the sequence, triplets are out of alignment
· Chromosomal mutations
· Inversions – when a piece of the chromosome breaks out & flips 
· Translocation – when a piece of chromosome is removed & placed on another
· Deletion – lose a piece of chromosome
· Duplication 
· Crossing over
· When chromosomes are duplicated and they align at the equator, and sister chromatins attach to each other to start being pulled apart = meiosis
· The strands of the chromosomes break & switch positions
· When it crosses each other, you get 4 different elements as supposed to 2 = example of simple cross over
· Polyploidy
· Genome duplication

Polyploidy & speciation
	- Ploidy = is a reference to the chromosome number in an organism’s cell
	- ex. Diploid – both pairs, haploid – gametes 
· Autopolyploid
· Auto = happening in 1 organism
· Frequent in plants – they often self-fertilize
· End up increasing the ploidy (chromosome #) within the resulting cell
· From diploid to tetraploid = with completely new genetic makeup, can never cross fertilize back to the parent because the chromosome #s don’t match up
· Way for specimen to create diploid sperms & eggs, when combined create a tetraploid individual that may be able to survive
· Many of our agricultural crops are polyploidy = traits get magnified
· Allopolyploid
· Allo = coming from 2 separate things
· Sperm & egg from 2 separate individuals/species combine
· ONLY in plants
· Animals have gamete isolation associated with their eggs 
· Plants accept self-fertilization as a way to make a dispersive seed that they can move to another area through the wind, animal fur
· Ex. Wheat – it consists of 3 different genomes, an allopolyploid plant
