Principles underlying evolution by natural selection: origin of variation, heritability, differential reproduction, change in genotype of the population over time
· Variation: Any difference between cells, organisms, viruses. Can be due to genetic differences, in which case those which have a genetic advantage over their environment are more likely to survive and reproduce and natural selection takes course in favour of these (ex. mutations make some virions that have drug resistance to AZT)
· [bookmark: _GoBack]Heritability: How much of the variation in organisms/viruses are due to genetic differences. if there is a low heritability, genes are not contributing to phenotypic individual differences significantly, so as a result natural selection has a limited effect. (ex. AZT resistance passed from ‘parents’ to ‘offspring’)
· Differential reproduction: Organisms/viruses that are best adapted to the environment are more likely to survive and reproduce. As a result, better adapted organisms/viruses reproduce at a greater rate than the less well-adapted organisms (ex. Not all virions reproduce, selection pressure to AZT resistant strains)
· Change in genotype of the population: Over time, the organisms/viruses which are more suited to survive in their environment tend to survive better than those which are not. As a result, the better suited organisms/viruses reproduce while the less-suited ones may die out. Eventually all that’s left are the organisms which are well-suited, which has changed the genotype of the entire population. (ex. In the presence of the drug, the AZT resistant forms are more likely to reproduce Viral population changes over time).

Evidence from the fossil record, historical biogeography, comparative morphology and molecular biology that support the idea of descent with modification from a common ancestor
· Descent with modification can explain why certain traits in related species have an underlying similarity even if they have very different functions.
· The Fossil Record: Darwin stated that because evolution results from the modification of existing species, all species to ever exist are genetically related. Fossil records document continuity in morphological characteristics and proved clear evidence of ongoing change in biological lineages – evolutionary sequences between ancestral organisms and their descendants. 
· Historical Biogeography: The study of geographical distribution of plants and animals are generally consistent with Darwin's theory of evolution. Species on oceanic islands often closely resemble species at the nearest mainland.
· Molecular Biology: Early embryos of related species are very similar, but as they grow differences start to appear, all proteins are coded with DNA, proteins are synthesized using RNA, cell division - Molecular biology of different species are insanely similar 
· Comparative Morphology Homologous traits: characteristics that are similar in two species because they inherited the genetic basis of the trait from their common ancestor. Analyses of the structure of living and extinct organisms are based on homologous traits. Ex - the forelimbs of all four-legged vertebrates are homologous because they evolved from a common ancestor with forelimbs composed of the same parts.

Characteristics of a scientific theory and the importance of falsifiability
· A theory can only be considered scientific if it can be proven, if it can be falsified
· Intelligent design aka “ID”, e.g. Religion based beliefs such as God is the creator cannot be considered scientific because it cannot be proven nor can it be falsified. 
· In order for a theory to become a fact their needs be both a logical explanation to explain it and sufficient evidence. 

Changes in amount of DNA throughout the cell cycle
· The n value represents one copy of all of an organism’s nuclear chromosomes (one set of chromosomes) ‘the NUMBER of CHROMOSOMES in the cell’. For humans there are 23 chromosomes. Of these chromosomes there are TWO copies of each chromosome in a cell, this means that there is 2n (2 x each chromosome.) This leads to 46 TOTAL chromosomes, 2n=46.
· Later, when you look at meiosis which halves the number of chromosomes in each cell (only one of each pair is transferred to each gamete) the resulting cells (gametes) will have n=23.
· The C value is the AMOUNT of DNA in one set of an organisms nuclear chromosomes, this is expressed in picograms. Human cells have a pair of each chromosome resulting in 2C. So, in mitosis when the chromosomes are replicated in S phase the value of C doubles (4C) as there is now double the amount of DNA present.
· However, don't get confused here this doesn't mean the n value doubles, there is still only 2 pairs of each chromosome. What has been doubled are the chromatids. Each chromosome now has two chromatids attached together instead of the usual one, we call these sister chromatids. A pair of attached sister chromatids still only equates to one chromosome.
· Once the cells have split each resulting daughter cell again has 2C and 2n
· 
Main features of each stage of mitosis with respect to cytoskeleton and chromatin
· The cytoskeleton is made up of Tubulin which makes up the microtubules, Keratin which makes up the intermediate filaments and Actin which makes up the microfilaments.
· During prophase, the chromatin fibres become coiled up and chromosomes condense.
· During Prometaphase, the microtubules attach to the kinetochores located at the centromere of sister chromatids or overlap with other microtubules. 
· During metaphase, the microtubules of the spindle guide the sister chromatids into alignment along the metaphase plate-->because of interaction of cohesion proteins that tries to keep the sister chromatids together and the microtubules that try to pull them apart. 
· During anaphase, motor proteins in the kinetochores disassemble the microtubules causing the separation and movement of the sister chromatids to opposite poles of the cell. ** don’t kinetochores just “eat up”/disassemble the microtubules and that makes them move? 
· During Telophase the chromatin fibres decondense and return to original uncoiled state.
· During cytokinesis the microfilaments that composed the spindle disassemble and pinch off the cell at the metaphase plate.
· The intermediate filaments keep the shape of the cell
· In general, the cytoskeleton is key in the partitioning of the chromosomes

Structure of a replication bubble
· The 2 replication forks meet forming a replication bubble but each fork moves away from replication origin to the next replication bubble and 2 strands are replicated in opposite directions. Due to anti-parallel direction both still replicate in 5’- 3’ direction.
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· Both strands technically replicate continuously and discontinuously
· a replication bubble is formed when two replication origins diverge on opposite sides
· Leading and Lagging strands alternate between the different parent strands
· Lagging and leading strand are on opposite sides of either fork; moving away from each other.
· Leading strands are formed when they are facing in the direction of the unwinding replication fork

Relationship between DNA replication and metaphase chromosome structure
Difference between DNA damage and mutation
· DNA damage: after one round of replication (There has been an error), affects only 1 of the strands
· Mutation: after second round of replication (now its DNA mutation, since the DNA would consider this round all normal, no error there, but everything is changed!), affects both strands; often occur when trying to fix DNA damage
Origin of various types of genomic variation
· Venter (a person) individual genome sequence showed 1.2 million variants  His DNA sequence is different that the draft in 1.2 million places
·  ¼ of variant bases are SNPs (Single Nucleotide polymorphism that come from replication errors)  AA TT CG
· ¾ are CNV (A copy number variation (CNV) is when the number of copies of a particular gene varies from one individual to the next)
· Genome is an ecosystem, something that is alive and changing (half of our genome consists of mobile elements), not a book
· Variant can mean single nucleotide pair (SNP), whole coding region (5000 base pairs, genes inverted in opposite order (reorganized chromosomes)
· Insertion sequences have two inverted sequences which serve as a recognition site for enzyme transponase. An insertion element carries only a single DNA sequence, which codes for its transposition. If two insertion sequences are close together, then when transposed they carry the DNA sequence between them along with them, forming a transposon. A special type of transposon called a retro transposon also exists whereby the DNA sequence is transcribed into RNA by reverse transcriptase and then back into a DNA strand which is inserted into target DNA strand.
· ·      Tautomeric shifts occur when the wrong base is added to a sequence. If not recognized, the replicated DNA will have a transition mutation of a single base pair.
· ·      In/del mutations occur when there is a slippage in DNA strand during replication. This causes the DNA strand to loop resulting in one strand with an extra DNA base pair and the other strand having one less base pair.
· ·      Substitution mutations occur when single base pair is incorrectly added in place of another one. 
· 
Main differences between meiosis and mitosis
· The essence of mitosis is sameness, but meiosis changes both chromosome number and DNA sequence. The essence of meiosis is difference  
· Meiosis produces a halved chromosome number and recombined DNA sequence  
· Two representatives of each chromosome in a diploid cell represent a homologous pair which have the same genes, arranged in the same order in the DNA of the chromosome 
· One chromosome of each pair is the paternal chromosome and the other is the  maternal chromosome  
· Although the two homologous chromosomes carry the same genes in the same order, different versions of these genes (alleles) may be present on either chromosome  
· Meiosis reduced the number of chromosomes from diploid (2n) to haploid (n). Each cell produced by meiosis therefore carries only one member of the homologous pair 
· When an egg and sperm cell join in fertilization, the diploid number is restored. Mitosis then works to make sure the diploid number is maintained in body cells  
· Meiotic cell division also produces genetic recombination of the actual DNA sequence on the chromosomes. As a result, each chromosome passed onto an offspring is a novel mixture of both maternal and paternal DNA sequence  
· In mitosis, 2 identical daughter cells are produced, both of which are genetically identical to the parent cell. The daughter cells have the same number of chromosomes as the parent cell; the daughter cells are diploid. There is only 1 division in mitosis. The number of chromosome remains the same throughout the process. Mitosis is used for the growth and repair of cell. Mitosis is used in asexual reproduction. 
· ·      In meiosis, there are 4 genetically different daughter cells are produced, all of which are also unique from the parent cell. The daughter cells have different number of chromosomes than the parent cells; the daughter cells are haploid while parent cells are diploid. There are 2 divisions; the first division is reductional (reduces the chromosome number) and the second is equatorial (reduces amount of DNA not chromosome number) Meiosis is used for sexual recombination. Meiosis is used for sexual reproduction.
· 

Products of meiosis in animals vs. Plants, fungi and algae
· Meiosis in animals: Gametes produced by meiosis fuse together to form a zygote which grows by dividing in mitosis
· In plants, algae and fungi, meiosis produces spores which grow through mitosis into gametophytes which produce gametes through mitosis.
[image: ]
Characteristics of homologous chromosomes
· Homologous chromosomes have the same genes in the same order, but with different version of the genes (alleles) being present. Same size and shape 
· Alleles are located at the same spots on the homologous chromosomes, but they are DIFFERENT
Mechanism by which recombination creates new combinations of alleles
· Homologues pair one on top of the other, (not side by side), in order for all non-sister chromatids to be close enough to each other to participate in recombination 
· “normal recombination”  
· generates new combinations of alleles  
· When homologous chromosome pairs up, alleles switch between the two non-sister chromatids. When that happens, new combinations of alleles are created 
· [image: ]Random segregation (happens in each division). Alignment during meiosis. The homologous chromosomes line-up randomly at the metaphase plate.
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Various mechanisms by which meiosis generates variation
· Crossing over (recombination)
·   	Alignment during metaphase
·   	Random assortment
·   	Random fertilization
· Mutations found in meiosis

Segregation of various alleles during meiosis in monohybrid, dihybrid and sex-linked situations
Law of Segregation: alleles maintain their individuality and segregate independently of other alleles.
·  	There are different forms of a given gene called alleles. In a given pair of different alleles, one may be dominant while another is recessive. The dominant allele is characterised as controlling the phenotype of the organism. Regardless of their dominance, the two alleles of an individual segregate evenly into the gametes of the organism. In the case of a dihybrid cross, the 2 different genes have NO effect of the others segregation.
·  	Monohybrid cross follows ratio, 1:2:1
·  	Dihybrid cross follows ratio, 9:3:3:1
·      In a sex-linked situation, the alleles again segregate independently but a recessive allele carried on the x chromosome will be automatically expressed in a male ( only has 1 x chromosome) while a female would merely be a carrier of the allele.


· Law of Segregation: alleles maintain their individuality and segregate independently of the other alleles.
· In a dihybrid cross two alleles do not segregate independently if they are physically near each other on the chromosome
· monohybrid: e.g. in a Aa x Aa cross --> genotypic ratios are ¼ AA, ½ Aa, ¼ aa and phenotypic ratios are 3 A_ and 1aa (3:1)
· dihybrid: e.g. in a BbCc x BbCc cross → phenotypic ratios are 9/16 B_C_ , 3/16 B_c_ , 3/`6 b_C_ , and 1/16 bbcc (i.e 9:3:3:1)
genotypic ratio: 
· PRO TIP! Wanna stop drawing punnett squares for AaBb x AaBb dihybrid crosses? Memorize this genotype ratio (Note: not the PHENOTYPE ratio), 4:2:1. There are 4 genotypes where both alleles are heterozygous (i.e. AaBb. Aa is heterozygous and Bb is also heterozygous). There are 2 of each genotype that has one homozygous and one heterozygous (i.e. There are 2 offspring with AABb, 2 with AaBB, 2 with aaBb, and 2 with Aabb). Finally, there are 1 of each genotype that has both homozygous alleles (i.e. 1 offspring with AABB, 1 with aabb, 1 with AAbb, and 1 with aaBB). So remember the ratio, 4 both heterozygous : 2 one heterozygous, one homozygous : 1 both homozygous. Now you don’t have to draw dihybrid Punnett square crosses between two heterozygotes! And technically the ratio would be more like 4:2:2:2:2:1:1:1:1
· 
Example use of ratio: An individual who is homozygous aa will die unless that individual has a copy of the B allele. They will also die without exception if they are homozygous bb. In a cross between two AaBb individuals how many offspring will live?
· 
Sexlinked: (normally some trait that causes some condition is located the X chromosome. General example of a typical question: Given some phenotypic information, what % of the children would be affected by the condition)

Conditions under which allele frequencies change, or not, in a population over time
Allele frequencies of a populations in genetic equilibrium exist in a particular ratio; Hardy Weinberg Principle ( p^2 + 2pq + q^2)
·       When a population reaches genetic equilibrium, the genotype frequencies remain constant. Selection can continue to take place but when a population reaches genetic equilibrium, it indicates that evolution is not taking place.

Quick way to find if a population is in Hardy-Weinberg equilibrium!!! 
Step 1 - take the square root of both of the number of individuals with the homozygote genotypes
Step 2 - Multiply those two answers together then multiply that by 2
Step 3 - If the final answer is the amount of individuals with the heterozygous 
genotype then the population is in equilibrium!
Example: 49 individuals have AA, 42 have Aa, and 9 have aa. Step 1: square root of 49 = 7, square root of 9 = 3. Step 2: 7x3=21 then 21x2=42. Step 3: 42 is the number of individuals with Aa therefore the population is in equilibrium!
Example 1
In a population of lab-bred flies, a gene controlling eye color is discovered. The R allele produces regular colored eye pigment, while the r allele produces red pigment. Individuals that are heterozygous (Rr) have pink eyes. In a population of 150 flies, 15 flies have red eyes, 90 have normal eye color, and 45 have pink eyes. Check if this population is in Hardy-Weinberg equilibrium.
Step 1: Determine gene frequencies
	Phenotype
	Genotype
	# of Individuals

	Normal Eyes
	RR
	90

	Red Eyes
	rr
	15

	Pink Eyes
	Rr
	45


Given this information, calculating the allele frequencies is simply a matter of counting up all of the alleles.
· Remember, each parent carries two alleles, so the total # of alleles twice the population.
· Also remember that heterozygous individuals carry one of each allele.
Taking these two factors into account,
· f(R) = [(90*2)+(45] / 300 = 225/300 = 0.75
· f(r) = [(15*2)+(45)] / 300 = 75/300 = 0.25
Step 2: Determine expected genotype frequencies
Plugging the frequencies of each allele into the Hardy-Weinberg equation, we find the expected numbers of each genotype in the population:
· f(RR) = p2 = f(R)*f(R) = 0.5625
· f(rr) = q2 = f(r)*f(r) = 0.0625
· f(Rr) = 2pq = 2*[f(R)*f(r)] = 0.375
Multiplying each of these genotype frequencies with the total population number, we find that there should be:
· 84 normal-eyes flies (AA)
· 9 red-eyed flies (aa)
· 56 pink-eyed flies (Aa)
Since partial individuals do not exist, the numbers are rounded off.
Step 3: Compare with original population numbers
Comparing the expected numbers with the actual numbers of each phenotype, population geneticists can determine if populations are either in equilibrium (or very close to it) or are experiencing disequilibrium of some sort. In this example:
	Phenotype
	Genotype
	Expected #
	Observed #

	Normal Eyes
	RR
	84
	90

	Red Eyes
	rr
	9
	15

	Pink Eyes
	Rr
	56
	45


In this example, the population is not in equilibrium since the expected and observed values do not match. Disequilibrium can be attributed to different possible mechanisms, depending on (1) the context of the population, and (2) the manner in which the population is skewed.


Conditions that lead to allele frequencies changing
· Mutation
· Selective Advantage 
· Non-random Mating
· Gene flow: Migration between populations
· Genetic Drift occurring, finite population size


Populations that are, or are not, at genetic equilibrium, given observed genotype frequencies
· If populations genotype frequencies do not match predictions of null model, evolution is occurring and population is not at genetic equilibrium
Null Model 
· To recognize evolution, we need to know what a non-evolving population looks like. 
·  If genotype frequencies can be predicted from allele frequencies, population is in Hardy Weinberg equilibrium (HWE) at this locus. Allele frequencies will not change while this is true. 
· If not, one or more assumptions of HWE are violated. The population may be evolving. 
Conditions that must be met for genetic equilibrium to occur
· 1)No mutation 
· 2) Closed to migration
· 3)Random mating
· 4)No selective advantage
· 5)No genetic drift, infinite in size
· 6)All genotypes survive + reproduce well
· 
Calculate relative fitness from absolute fitness
· Absolute Fitness (W): number of surviving offspring produced over an individual’s lifetime
· Influenced by survival to adulthood, longevity, fertility, offspring survival
· Hard to measure, especially in natural populations
· Sometimes have to estimate W based on 1 or 2 of these components of fitness and assume others are similar across genotypes 
· Relative Fitness (w): calculated by standardizing a genotype’s absolute fitness; fitness of an individual is compared to fitness of an individual within the same species (divide by highest fitness)
· Fittest genotype in a population has a relative fitness of 1
· All other genotypes (between 0 and 1) w = W/Wmax (most successful genotype)

How the dominance status of alleles affects the response to selection
·  Dominant alleles will always be weeded out if they are selected against, but recessive alleles will decrease in frequency but never disappear because of heterozygotes
· This is because in heterozygotes, it expresses the dominant allele even though it has a genotype of Aa for example. The heterozygote and the dominant homozygote will be selected against because selection acts on phenotype, therefore, reducing the homozygous dominant individual as well as the heterozygote, increasing the frequency of the recessive allele. However, in the case of selection against recessive alleles, they will never truly be eliminated because they can hide in heterozygotes since they express the dominant phenotype. In real life, examples of this include, heterozygotes for sickle cell anemia.
· Due to fact that when q is low, q2 is much lower than 2pq
· Pigs with 1 copy of each were fine and were not eaten by wolves and so lived on to pass on their genes when they reproduce
· Selection can usually weed out all harmful dominant alleles with genetic disorders (less common) but not recessive alleles
· 
Relationship between selection and evolution
· Selection may result in evolution but, after time, as in heterozygote advantage, selection may eventually cause allele frequencies to stay constant. Selection still occurs but evolution does not, as allele frequencies no longer change
· 
Processes that reduce, remove, or maintain heritable variation in populations
· Reduce variation → genetic drift (bottleneck and founder effect)
			   → natural selection (depends what it selects for)
· Increase variation → Gene flow
			     → Mutations
· Maintain variation → Nonrandom mating
                                                → Natural selection (depends what it selects for)

Which assumptions of Hardy-Weinberg equilibrium have likely been violated, given an observed set of genotype or phenotype frequencies
· large population (no genetic drift)
· little mutations (negligible)
· no selection pressure (genotypes have equal fitness) 
· randomly mating
· no immigration/emigration
· Nonrandom mating -> decreases genetic variability (different phenotypes are less frequently chosen as a mate; same characteristics)
·  Heterozygote advantage -> both alleles are preserved and variation is maintained
·  Heterozygote disadvantage -> least common allele gets removed from population, which decreases variability.
· Gene flow -> maintains or increases variation
·  Bottleneck effect -> decreases genetic variability.
· Genetic drift (random fluctuation in allele frequencies) -> decreases genetic variability.
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