Lecture 12

 
Outcomes

Meanings of gene pool, genotype frequencies, allele frequencies, genetic equilibrium
· gene pool: sum of all the alleles at all gene loci in all individuals in a population.
· [bookmark: _GoBack]genotype frequency: % of individuals in a population possessing a particular genotype.
· allele frequency: abundance of one allele relative to others at the same gene locus in individuals of a population. 
· genetic equilibrium: point at which neither the allele frequency nor the genotype frequencies change in succeeding generations.
How to calculate allele frequencies, given observed genotype frequencies
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How to calculate genotype frequencies expected under genetic equilibrium
· let p equal one allele, q equal another allele
· equation that predicts genotype frequencies in offspring generation: (p+q)x(p+q)=p^2+2pq+q^2
· if population is at genetic equilibrium, p^2 is predicted frequency for CRCR, 2pq is predicted frequency for CRCw, and q^2 is predicted frequency of CwCw
· identify population 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
· conditions that must be met for genetic equilibrium to occur

Identify 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
 
Difference between relative vs absolute fitness and how to calculate each
· 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

 
Effect of heterozygote advantage and heterozygote disadvantage on genetic variation
· Balancing selection occurs when there is heterozygote advantage at a locus, a situation in which the heterozygous genotype has greater fitness than either of the two homozygous genotypes. Under heterozygote advantage, both alleles involved will be maintained in a population. An example of heterozygote advantage concerns the allele for sickle-cell anemia. 
· The effects of heterozygote disadvantage is that over time, the heterozygous genotype will disappear. This is because changing allele frequencies are required for there to be evolution, so there is evolution at first as the allele frequencies move toward 0.5 but once they stabilize, there is no change in frequency and therefore no evolution
· Under heterozygote advantage, you will get more heterozygotes than expected under Hardy-Weinberg Equilibrium
· Heterozygote advantage maintains the alleles, and therefore maintains variation within a population
· With heterozygote disadvantage, one allele at a locus can entirely disappear. The allele with a higher starting frequency will persist, because it is more likely to find itself and pair into a homozygote, and live. Eventually, the higher-starting-frequency allele will dominate.

Whether selection always results in 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

 
Difference between positive and negative frequency-dependent selection, and how each affects genetic variation
· Negative frequency dependent selection: whichever type is rare, will have a selective advantage.  This MAINTAINS genetic variation.
· For example, an eagle will keep eating the most common black squirrels until they are no longer common meaning that the brown squirrels are now common. The eagles then switch and start eating the brown squirrels.
· positive frequency dependent, the more common trait has a selective advantage which will eventually eliminate the rare traits thus eliminating genetic variation.
· 
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Because each diploid individual has two alleles at each gene locus, a sample of 1000 individuals has a total of 2000 alleles at the C locus.

Flower Colour Genotype Number of Genotype Frequencies %  Total Number of Total Number of

Phenotype Individuals C® Alleles % CV Alleles %

Red CRCR 450 450/1000 = 0.45 2 x 450 = 900 0 x 450 =

Pink cReW 500 500/1000 = 0.50 1 x 500 = 500 1 x 500 = 500

White cvew 50 50/1000 = 0.05 0x50=0 2 x 50 = 100
Total 1000 0.45 +0.50 + 0.05 = 1.0 1400 600

To calculate allele frequencies, use the total of 1400 + 600 = 2000 alleles in the sample:

p = frequency of C* allele = 1400/2000 = 0.7
g = frequency of CV allele = 600/2000 = 0.3
p+¢=07+03=10
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