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Independent Study Outcomes

Genetics of human ABO blood groups:
AA and AO give rise to A blood.
BB and BO give rise to B blood.
AB gives rise to AB blood.
OO gives rise to O blood.
A and B are codominant alleles.

Strategy to distinguish between a phenotype that results from codominance relative to incomplete dominance:
Codominance: alleles have approximately equal effects in individuals, making the two alleles equally detectable in heterozygotes.
Both alleles are expressed.
Incomplete dominance: the effects of recessive alleles can be detected to some extent in heterozygotes.
Alleles appear to be blended.

Characteristics that identify a pleiotropic allele:
Pleiotropy: single genes affecting more than one character of an organism.
Many traits are quantitative; most genes have some pleiotropic effects.

Lecture Outcomes

General pathway of eukaryotic membrane protein production:
Cell membrane has two receptors to make proteins: one for the dominant allele, one for the recessive allele.
Dominant receptor is more active and expresses the organism’s phenotype.
Transmembrane system.
Nucleus to ER to vesicles to Golgi body.

General physiology of skin/hair pigmentation:
Melanin produced in melanosomes.
Melanocytes make pigments; can make both colours of pigments.
Gene MC1R is a protein membrane receptor. 
Sensitive to external environment hormones. 
Signal internal environment. 
When MC1R is activated, AMP is created; high levels=black. 
Melanin production.
When not attained, high levels of red melanin is produced. 

Characteristics of dominant alleles: 
Determines phenotype of organism.
No interaction of alleles themselves (they don’t fight/compete).
Dominance occurs from expression of alleles.
Dominance is relative to the other allele(s) in question.

Which allele in a heterozygote is dominant, given the biochemical mechanism of action of allele products:
Membrane receptor MC1R normally sits in membrane. Black allele is insensitive to hormone control, cyclic AMP levels are always high and on at all times.
Brown allele may sometimes be off, red allele is always off; homozygotes always produce red melanin.
Allele that is on all the time determines phenotype.

Factors that do, and do not, affect allele frequencies over time in a population:
Future allele frequencies are the same as starting allele frequencies.
Relative dominance doesn’t affect frequency.
Dominant allele is not necessarily the most fit allele; frequencies will remain the same if they have the same fitness.
Dominance VS recessiveness: diploidy doesn’t drive changes in allele frequency.
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Independent Study Outcomes

Meaning of gene pool, allele frequency, genotype frequency, genetic equilibrium:
Gene pool: The sum of all alleles at all gene loci in all individuals of a population.
Allele frequency: The relative abundances of the different alleles in a population.
Genotype frequency: The percentages of individuals possessing each genotype in a population.
Genetic equilibrium: The point at which neither allele frequencies nor genotype frequencies change in succeeding generations in a population.

Allele frequencies in a population, given the genotype frequencies:
Consider the two alleles in the homozygous individual + the one allele in the heterozygous individual, and divide that number by the total number of alleles. Thus, given the genotype frequencies, one can determine the allele frequencies in a population.
For example: 3 RR, 2 Rr, 1 rr, 6 total (6x2 = 12 total alleles).
3x2 R + 2x1 R = 8 R total.
8 / 12 = 0.67
1x2 r + 2x1 r = 4 r total.
4 / 12 = 0.33

Genotype frequencies in the next generation, given the allele frequencies and assuming Hardy-Weinberg equilibrium:
The genotype frequencies would be the same, since HWE indicates that genotype nor allele frequencies change among generations.

Conditions necessary for Hardy-Weinberg equilibrium:
1. No mutations are occurring.
2. Thee population is closed to migration from other populations.
3. The population is infinite in size.
4. All genotypes in the population survive and reproduce equally well.
5. Individuals in the population mate randomly with respect to genotypes.

Lecture Outcomes

Whether a population is in HWE, given observed genotype or phenotype frequency:
Use genotype or phenotype frequency to calculate allele frequency. If p+q=1 or p2+2pq+q2=1, then the population is in HWE.

Relative VS absolute fitness:
Absolute fitness (W): the number of surviving offspring produced over an individual’s lifetime.
Influenced by survival to adulthood, longevity, attracting mates, fertility, and offspring survival.
Relative fitness (w): fitness relative to other individuals in a population.

How to calculate relative fitness:
Standardize absolute fitness to get relative fitness.
By definition, fittest genotype in a population has w=1.
All other genotypes w = W/WMAX

How to quantify strength of selection:
Difference in w indicates whether selection is weak or strong.

Relationship between dominance/recessiveness of alleles and response to selection:
In diploid organisms, dominance relationships can interact with selection.
Selection can weed out copies of an allele, but not to 100%, due to the presence of the heterozygous genotype keeping the recessive allele alive.
You can weed out the dominant, but not the recessive.

Effect of heterozygote advantage on genetic variation:
The heterozygous genotype keeps the recessive allele alive. Even if selection were to try to wipe out the recessive allele, it would be masked, and thus still present, in heterozygotes.

Effect of positive and negative frequency-dependent selection on genetic variation:
Negative frequency-dependent: there is an advantage to having rare alleles (rare alleles are advantageous).
Positive frequency-dependent: there is an advantage to having common alleles (rare alleles are disadvantageous).
[bookmark: _WNSectionTitle_2][bookmark: _WNTabType_1]Selection and Fitness	10/29/2013 3:55 PM

[bookmark: _GoBack]Independent Study Outcomes

Examples of directional, stabilizing, and disruptive selection:
Directional selection: individuals near one end of the phenotypic spectrum have the highest relative fitness. This shifts a trait away from the existing mean and toward the favoured extreme.
Stabilizing selection: individuals expressing intermediate phenotypes have the highest relative fitness. This reduces genetic and phenotypic variation and increases the frequency of intermediate phenotypes. 
Most common mode of natural selection.
Disruptive selection: extreme phenotypes have higher relative fitness than intermediate phenotypes. 
Promotes polymorphism.
Less common than other selection types.

How inbreeding and nonrandom mating affect allele frequencies, and how they affect genotype frequencies:
Inbreeding: a special form of nonrandom mating in which individuals that are genetically related mate with each other.
Increases the frequency of homozygous genotypes.
Decreases the frequency of heterozygotes.
This is because related individuals have the same alleles.
Decreases the variation of alleles within a population so the allele frequency of one specific allele would increase.
Inbreeding may cause recessive traits to be expressed, leading to genetic disorders.

How gene flow and genetic drift affect genetic variation within a population, and genetic differences between populations:
Gene flow: organisms or gametes moving from one population to another.
The effects of gene flow are based on: differentiation between populations and the rate of gene flow between them.
If two populations are genetically different, a little gene flow may make them much more similar.
If two populations are genetically similar, even a lot of gene flow will not make much of a difference.
Genetic drift: chance events cause allele frequencies in a population to change unpredictably.
Occurs when a population engages in sexual reproduction.
Primarily in small populations.
Leads to loss of alleles and reduced genetic variability.

Examples of founder effects and population bottlenecks:
Founder effect: a few individuals colonize a distant locality and start a new population.
These individuals carry only a small sample of the parent population’s genetic variation.
Leads to the possible loss of some alleles and the possible high frequency of rare alleles.
Bottleneck effect: a stressful factor (disease, starvation, drought) kills many individuals and eliminates some alleles from a population.
Reduces genetic variation, even if the population numbers later rebound.
Genotype/allele frequencies remain nearly uniform after the population bottleneck.

Lecture Outcomes

How heterozygote advantage and heterozygote disadvantage affect genetic variation:
In heterozygote advantage, allele frequencies stabilize to 50/50.
In heterozygote disadvantage (homozygotes are equally preferred) the common allele frequency approaches 1 and the rare allele frequency approaches 0.

Whether selection always results in evolution:
Selection does not always result in evolution!
Evolution only continues until allele frequencies have stabilized.
Evolution is a change in allele frequencies from one generation to the next.

How positive and negative frequency-dependent selection affect genetic variation:
Negative frequency-dependent: there is an advantage to having rare alleles (rare alleles are advantageous).
Positive frequency-dependent: there is an advantage to having common alleles (rare alleles are disadvantageous).

Effect of genetic drift on allele frequencies and genetic variation within a population:
Unpredictable change in allele frequencies.
Eventually: one allele drifts to fixation, other alleles lost.
Drift decreases genetic variation within a population.
Makes them more similar.

Effect of genetic drift on variation (differences) between populations:
Populations become more similar or more different, depending on the allele which has become fixated in each population.

Whether or not mutations are directed toward the needs of the organism:
Mutations create new alleles.
[bookmark: _WNSectionTitle_3][bookmark: _WNTabType_2]Selection VS Other Evolutionary Forces	10/29/2013 3:55 PM
It is not “random” but not directed towards the needs of the organism either.

Lecture Outcomes

General fitness effects of mutations:
Most have little effect on fitness.
Of those that effect fitness, most are harmful.

Why most mutations that affect fitness are harmful:
It is simply more probable that a mutation would be more harmful than beneficial because the mutation has no knowledge of the organism’s environment.

Effect of gene flow on genetic variation within a population:
Introduces new alleles into the population.
May oppose selection (selection-migration balance).
If there is a selection pressure for a certain allele, gene flow may reintroduce or remove it.

Effect of gene flow on variation (differences) between populations:
When an individual from one population migrates to another, this may introduce new alleles, depending on the similarity or difference between the two populations.
Gene flow can make two populations more similar or different.

How various evolutionary forces interact with (reinforce or oppose) one another:
Selection and migration may reinforce or oppose each other.
Selection pressure for a certain allele, migration either brings it in or takes it out.
Mutations often oppose selection.
Environment selects for certain genes, but mutations change those genes (oftentimes harmfully).

Reasons why not all living things are perfectly adapted to their environment:
Many factors constrain (limit) selection.
Dominance status of alleles, frequency-dependence, time, available genetic variation, trade-offs (compromises) between competing demands…
Non-adaptive evolutionary forces often oppose selection.

Relationship between reproduction and sex:
Reproduction does not mean sex, and vice versa.
Reproduction may be asexual.
Sex may be for pleasure rather than reproduction.

Effect of sex on genetic variation:
Sex leads to recombination: genetic diversity.
Crossing over, independent assortment generate new combinations of alleles.
Offspring distinct from either parents and (usually) each other.

Types of asexual reproduction:
Binary fission, conjugate bridges (parasexuality), fragmentation, budding, and vegetative propagation.

Types of sexual reproduction (monoecious, dioecious, simultaneous 
VS sequential hermaphroditism):
Monoecious: male and female function can be housed in the same individual.
Dioecious: every individual is either male or female (humans).
Simultaneous hermaphroditism: an organism able to reproduce alone (plants, seahorses).
Sequential hermaphroditism: when an organism changes from one gender to another in order to sexually reproduce.
Bluestreak wrasse: females become males because of body size (protogyny).
Ovaries shut down, gonads grow.
Bigger male attracts more females, passes on genes to make more fit offspring, increasing survival rates.
Clownfish: males become females as they age (protandry).
Bigger females can have more eggs, in order to increase offspring number, and thus survival rates.

Examples and predictions of size-advantage model of sex change:
Sequential hermaphroditism: when an organism changes from one gender to another in order to sexually reproduce.
Bluestreak wrasse: females become males because of body size (protogyny).
Ovaries shut down, gonads grow.
Bigger male attracts more females, passes on genes to make more fit offspring, increasing survival rates.
Clownfish: males become females as they age (protandry).
Bigger females can have more eggs, in order to increase offspring number, and thus survival rates.

Taxonomic distribution of sexual reproduction:
Most things, except plants and animals, reproduce asexually.
On the scale of life, sexual reproduction is the least common. But about 10% of animals are obligate sexual reproducers.

Disadvantages of sexual reproduction:
Sex is a terrible idea: cost of mating, cost of meiosis, and cost of males.
Unless sex improves offspring quality, asexually reproducing females are better.

Cost of meiosis:
Time-consuming.
Energy-consuming.
Requirement of a mate.

Cost of males:
Requirement of a mate.
Dominance showcases expend a lot of energy.

“Muller’s Ratchet” explanation for advantage of sexual reproduction:
Muller’s ratchet: asexual lineages accumulate harmful mutations.
When you reproduce sexually, you break the ratchet.
Sex continually creates genotypes with fewer (and more!) harmful mutations than parental genotypes.

“Ruby in the Rubbish” explanation for advantage of sexual reproduction:


Problem with mutational explanation for advantage of sexual reproduction:
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Independent Study Outcomes

Meaning of monogamy, polygamy, polygyny, polyandry, promiscuity, lek:
Monogamy: a male and female form a bond pair for a mating season or for reproductive life.
Polygamy: multiple active pair bonds exist.
Polygyny: one male has active pair bonds with multiple females.
Polyandry: one female has active pair bonds with multiple males.
Promiscuity: males and females have no pair bonds beyond mating time.
Lek: congregation of displaying males, where females come only to mate.

Conditions favouring the evolution of monogamous VS polygynous mating systems:
Monogamous mating prevails when the young require a great deal of care that both parents can provide.
Results in higher rates of reproduction.
Polygynous mating prevails when the females are able to raise the children on their own.
Male is a sperm donor and protector of territory rather than an active parent.
This is a prevalent thing because females make a larger investment in child rearing (egg development and care of the young).

Handicap explanation for why females prefer males with extravagant ornaments:
Females select males that are successful.
Structures impede locomotion and attract predators, but they still survive, meaning they must have good alleles.
Despite this handicap, they survive.

Meaning of sexual dimorphism, intersexual selection, intrasexual selection:
Sexual dimorphism: differences in size or appearance of males and females.
Intersexual selection: selection based on the interactions between males and females.
Intrasexual selection: selection based on the interactions between members of the same sex.

Lecture Outcomes

How and why sexual reproduction increases the speed at which favourable mutations can be combined:
Sex allows Muller’s Ratchet (accumulation of harmful mutations in asexually producing populations) to be broken. 
Sexual reproduction introduces genetic variation, and the possibility of favourable mutations, which can combine.

Relationship between sexual reproduction and extinction risk:
Sexual recombination benefits the population by increasing speed of evolution.
Rate at which disadvantageous mutations can be discarded.
Rate at which advantageous mutations can be combined.
This decreases the likelihood of extinction.

Why mutational (long-term) explanations for sex are not sufficient to explain its persistence:
Asexual organisms have a short term advantage because they don’t partake in the costs of mating.
Since natural selection is a short term process, asexual is sometimes preferred.

Role of environmental stability in determining whether sexual or asexual reproduction is favoured:
If the environment is constant, asexual is better.
The organism made it to adulthood in this environment, so asexually produced offspring (identical to the parent) will be fine in the environment too.
If the environment is changing, sexual is better.
Introduces genetic variation.

Lottery principle and Red Queen principle as explanations of sex:
Lottery principle: buy many copies of the same ticket, or hedge your bets (play different numbers).
Red Queen principle: running to stay in the same place (out-racing natural enemies).
Frequency-dependent interactions between hosts and parasites: co-evolutionary arms race.
New genotypes have high fitness when they first appear.
Producing new combinations of offspring alleles is advantageous.

Why sex places different selective forces on males VS females:
One sex must compete for the other.
Competitors (male): must have territory, food, shelter, etc.
Prizes (female): must provide offspring and then take care of them.

Relationship between sexual selection and investment in offspring:
Sexual selection determines level of investment in offspring.
Competitors are the low-investing sex (males).
Prizes are the high-investing sex (females).

How sexual selection maintains traits seemingly incompatible with natural selection:
Choosing a mate sometimes requires courtship displays (such as a peacock’s feathers or a loud song and dance) which may reduce the individual’s speed or attract predators. 
Natural selection would advise against this, but sexual selection is more important.

Examples of traits favoured by intra VS inter sexual selection:
Intersexual selection: female Bauer birds selectively choose for pretty blue feathers, a great territory and resources (architects are sexy).
Intrasexual selection: male Caribou have displays of dominance and compete for women. The most powerful gets the girl.

Why males are usually more competing for access to females (rather than vice versa):
Sex differences in parental investment and potential fitness determines which sex is choosy and which sex competes.
Women know men need them, so they are choosy.

Relationship between parental investment and which sex is choosy VS competing:
High investing sex becomes an important resource for the less investing sex. 
Members of the less investing sex compete for the high investing sex. 
Sex role-reversal: high investing sex is male and low investing sex is female. Same principle applies, females compete for males.

Average VS potential fitness of males VS females:
Same average fitness among sexes, but distribution is different.
Males have higher potential fitness.
Determined by copulating with the most females.

Limiting factors on male VS female fitness:
Male fitness: 
Must find many women to copulate with.
Must have specific traits desired by the female.
Female fitness:
Amount of offspring put out per lifespan.
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Independent Study Outcomes

Identify the meanings of kin selection, altruism, reciprocal altruism, eusocial:
Kin selection: individuals should be more likely to help close relatives because increasing a close relative’s fitness means that the individual is helping to propagate some of its own alleles.
Altruism: doing something that enhances the situation of another individual.
Reciprocal altruism: individuals will help non-relatives if they are likely to return the favour in the future; each member of a partnership can potentially benefit from the relationship.
Eusocial: self-sacrificing behaviour should be directed to kin.
Insects: thousands of genetically related individuals live and work together for the reproductive benefit of one individual: a single queen and her mate(s).

Calculate degrees of relatedness between two individuals, give  the type of relationship (parent-offspring, cousins, etc.):
Half-siblings: share one genetic parent, so 0.25 of alleles are shared, on average.
Full siblings: share both genetic parents, so 0.25+0.25=0.5 of alleles are shared, on average.
Nephew/niece to aunt/uncle: 0.25.
First cousins: 0.125.

Identify why haplodiploidy can favour high levels of cooperation in social insects:
Haplodiploidy: one diploid parent (0.25 of alleles shared among offspring) and one haploid parent (0.5 of alleles shared among offspring).
Total of 0.75 of alleles shared among full siblings: high degree of relatedness explains a desire for a high level of cooperation.

Lecture Outcomes

Examples of different types of social interaction:
Actor benefits / Recipient benefits: cooperation.
Actor is harmed / Recipient benefits: altruism.
Actor benefits / Recipient is harmed: selfishness (widespread in the natural world).
Actor is harmed / Recipient is harmed: spite.
All of the above are used to increased fitness of either the actor and/or the recipient.

Behaviours that are, or are not, “altruistic”:
Altruism: selfless act of someone who is not related to the recipient putting themselves at risk.
Example: meerkat, screams when a predator is near to warn the group, putting itself at risk.
Is taking care of babies a form of altruism?
No. Parents get something out of it (gene passing, eventual care from children). Mainly viewed as a form of cooperation.
Sacrificing individual fitness for the good of the group is not good enough.

How kin selection theory explains selection for altruistic traits:
Kin selection favours traits that increase indirect fitness.
This helps the group as a whole, rather than solely one individual.
Hamilton’s Rule determines whether altruistic (costly) traits are favoured: rb>c.
Benefit received by donor’s relatives, b.
Weight by degree of relationship, r.
Does this outweigh costs due to donor’s direct fitness (c)?

Direct VS indirect VS inclusive fitness:
Direct fitness: an individual’s survival and ability to reproduce.
Indirect fitness: additional reproduction by relatives, due to altruism.
Inclusive fitness: direct + indirect fitness.

Conflicting interests of parents VS offspring:
Parents and offspring have overlapping, but not identical, genetic interests: this induces conflict.
The longer a parent invests in their current offspring, the less opportunity they have to reproduce more offspring.
From the parent’s perspective, the parent wishes to create no offspring when the distance between the two curves are at a maximum (between benefits it receives and costs).
Offspring want more resources than the parent can provide.
Parent-offspring conflict begins even before birth:
Mother and fetus “disagree” about optimal amount of resources fetus should receive.
Fetal hormones manipulate maternal blood sugar and blood pressure; maternal sensitivity to these signals drops.
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Independent Study Outcomes

Identify the criteria used by the Biological, Phylogenetic and Ecological Species Concepts to define species:
Biological Species Concept defines a species as: a group of organisms that can successfully interbreed and produce fertile offspring.
Phylogenetic Species Concept defines a species as: a group of organisms bound by a unique ancestry.
Ecological Species Concept defines a species as: a group of organisms that share a distinct ecological niche.

Identify limitations of the Biological Species Concept:
Definition does not work for asexually reproducing organisms.
Patterns of reproduction can blur the definition of species.
Definition does not work for androdioecous (all male and hermaphrodites) or gynogenetic (all female) species.
Definition does not apply where there is hybridization: two species interbreed and produce infertile offspring.

Distinguish between pre-zygotic and post-zygotic isolating mechanisms and recognize examples of each:
Pre-zygotic isolating mechanisms: exert effects before the production of a zygote.
Ecological isolation: species live in different habitats.
Temporal isolation: species breed at different times.
Behavioural isolation: species cannot communicate.
Mechanical isolation: species cannot physically mate.
Gametic isolation: species have non-matching receptors on gametes.
Post-zygotic isolating mechanisms: operate after zygote formation.
Hybrid unviability: hybrid offspring do not complete development.
Hybrid sterility: hybrid offspring cannot produce gametes.
Hybrid breakdown: hybrid offspring have reduced survival or fertility.

Lecture Outcomes

Meaning of prisoner's dilemma, payoff matrix, tragedy of the commons:
Prisoner’s dilemma: hypothetical situation where two players face a decision.
Cooperate with your partner or cheat on them.
Say two people are under interrogation individually: both stay silent, one stays silent and one defects, or they both defect.
Rational choice: defect your partner.
Best choice collectively: cooperate with your partner.
Worst choice collectively: both partners defect.
Payoff matrix:
Cooperate-cooperate: best for everyone.
Cooperate-defect: you lose the most.
Defect-cooperate: you win the most.
Defect-defect: worst for everyone.
Tragedy of the commons (multi-person prisoner’s dilemma):
Social conflict over a shared resource.
Individually, rational to defect.
Collectively, group does better if all cooperate.

Conditions that favour evolution of reciprocal altruism and cooperation in the face of the prisoner's dilemma:
Selection can favour altruism if it is later reciprocated.
Most likely when groups are small and stable, and when individuals can recognize and remember helpers and cheaters.

Role of human emotions in the evolution of reciprocal altruism:
Allows for score-keeping.
Remember who made you happy; make them happy.
Works for other emotions too.

Why rational decisions by individuals can lead to the overexploitation of shared resources:
Rational decision is to defect, but this will lead to everyone losing in the long run.

Meaning of: morphological species concept, biological species concept, phenotypic clusters, pre-zygotic vs. post-zygotic isolating mechanisms; ecological (habitat) isolation, temporal isolation, behavioural (courtship) isolation, mechanical isolation; hybrid unviability, hybrid sterility; allopatric, peripatric, sympatric; isolation, divergence, secondary contact:
Morphological species concept: a distinct cluster in phenotypic space, non-overlapping with other clusters.
Biological species concept: a potentially interbreeding group of individuals, reproductively isolated from other groups.
Phenotypic clusters: groups of individuals which look alike.
Pre-zygotic isolating mechanisms: exert effects before the production of a zygote.
Ecological (habitat) isolation: species live in different habitats.
Temporal isolation: species breed at different times.
Behavioural (courtship) isolation: species cannot communicate.
Mechanical isolation: species cannot physically mate.
Post-zygotic isolating mechanisms: operate after zygote formation.
Hybrid unviability: hybrid offspring do not complete development.
Hybrid sterility: hybrid offspring cannot produce gametes.
Allopatric speciation: physical barrier to gene flow.
Peripatric speciation: small group pass through a barrier and makes a new population, isolated from the original. 
Sympatric speciation: genes flow freely among groups; no barriers.
Isolation: physical separation of populations, arising individual evolutionary occurrences.
Divergence: branching off of one species into two distinct ones.
Secondary contact: 
Interbreeding may resume if divergence isn’t large.
Populations may have become reproductively isolated.
Pre- and post-zygotic isolation.

Applications of, and strengths and weaknesses of, biological vs morphological species concepts:
BSC often more objective and testable than MSC.
BSC is not universally applicable.
Does not work for asexual organisms, extinct species, and allopatric populations.

Whether coming into secondary contact is required for speciation to occur:
Coming into secondary contact tests whether or not speciation has occurred.
If they can still breed, it hasn’t; if they can’t, it has.

Why secondary contact can promote pre-zygotic isolation: 
Secondary contact indicates that the species was isolated.
This may give rise to pre-zygotic isolation.
Tested with secondary contact: if they can still breed, pre-zygotic isolation is not present; if they can’t, it is present.

Role of islands in speciation:
Islands are hotbeds of speciation.
Constantly being made or lost.
Different selection pressures.
Possible absence of natural predators.

Why most speciation occurs in allopatry (i.e. why sympatric speciation is rare):
Two isolated populations evolve separately, evolving two separate species.
Lack of gene flow, different selection forces.

How polyploidy can induce sympatric speciation:
Sympatric speciation is due to polyploid organisms reproducing with themselves (more common with plants) and creating an organism that is so different from the parent that it is its own species.
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Independent Study Outcomes

The meaning of systematics, phylogeny, phylogenetic tree, classification, taxon, taxonomic hierarchy:
Systematics: the organization and understanding of information about the biological world.
Phylogeny: the evolutionary history of a group of organisms.
Phylogenetic tree: formal hypotheses identifying likely relationships among species; the presentation of phylogenies.
Classification: an arrangement of organisms into hierarchical groups that reflect their relatedness.
Taxon: the organisms included within any category of the taxonomic hierarchy.
Taxonomic hierarchy: the arrangement of organisms into inclusive categories, developed by Linnaeus.

Why similarities in morphology or lifestyle do not necessarily reflect close relatedness, using examples:
Parallel, or convergent, evolution often results in organisms living under the same conditions to develop similar body forms.
Which type depends on the evolutionary relatedness of the organisms involved.
Parallel evolution: phylogenetically more closely related organisms.
Convergent evolution: phylogenetically more distantly related organisms.
Example 1: what looks like flowers may actually be leaves modified by a fungal rust.
Example 2: some plants, living in low-nitrogen conditions, may trap insects to consume their nitrogen. These carnivorous plants are not all related, being seen in multiple evolutionary lines.
Example 3: beavers are not the only aquatic mammals with flattened tails; not all flat-tailed mammals are beavers.

The two major goals of systematics:
1. To reconstruct the phylogeny, or evolutionary history, of a group of organisms. Accurate phylogenetic trees allow comparisons among evolutionary processes.
2. Taxonomy: the identification and naming of species and their placement in a classification. This allows biologists to select appropriate organisms for their work. Most systematists want classifications to mirror phylogenetic and evolutionary history of the group of organisms in question.

Principles underlying the Linnaean system of classification (species, family, etc.) and which groupings include which other groupings:
Taxonomic hierarchy developed based on similarities and differences between organisms.
Kingdom, phylum, class, order, family, genus, species.
Increasing specificity, until one individual species is identified.

Lecture Outcomes

Why secondary contact can promote pre-zygotic isolation:
Secondary contact indicates that the species was isolated.
This may give rise to pre-zygotic isolation.
Tested with secondary contact: if they can still breed, pre-zygotic isolation is not present; if they can’t, it is present.

Why most speciation occurs in allopatry (i.e. why sympatric speciation is rare):
Two isolated populations evolve separately, evolving two separate species.
Lack of gene flow, different selection forces.

How polyploidy can induce sympatric speciation:
Chromosomal sympatric speciation: issues in meiosis, a polyploidy organism is created.
Instant speciation!
Cannot be fertilized by other organisms which do not share that same ploidy, so it has become a new species.
Diploid organism produces diploid gametes, which cannot fuse with other haploid gametes.
This produces a tetraploid individual, which is a new species from the original diploid one.
Up to half of angiosperms have arisen due to this process (through self-fertilization).

Correct interpretation of evolutionary trees, close and distant relatives, and where extinct taxa would be placed in a tree:
Read the trees from left to right (as time moves).
Read the trees diagonally (time moves down-up) or tilt it so it is placed left-right.
Time passes from roots to tips.
Degree of relatedness is based on how recently two species shared a common ancestor.
If A and B have a more recent common ancestor than B and C, B is more closely related to A than C.
Extinct taxa would be placed at the nodes.

Homology VS misleading similarities (due to convergence of distantly related taxa) or misleading differences (due to divergence among closely related taxa), and examples of each:
Homology: similarity that reflects recent common ancestry.
Did not arise due to similar selection pressures, they arise because of ancestry.
Homoplasy: misleading similarity or dissimilarity.
Ex: hippos and crocs have similar placement of eyes to see over the water.
Doesn’t mean they’re related, just similar selection pressures due to their aquatic environments (misleading similarity)
Ex: Darwin’s finches all look very different (beak morphology) but are all closely related.
Divergent evolution, different selection pressures caused different traits to arise.

Synapomorphies, symplesiomorphies and autapomorphies on a phylogenetic tree:
Synapomorphy: shared by two or more groups; derived from a common ancestor.
Symplesiomorphy: shared by two or more groups; ancestral (trait was already present before the groups diverged).
Autapomorphy: unique to a single group; derived within the group.

The significance of outgroup analysis:
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Lecture Outcomes

The significance of outgroup analysis:
Helps identify ancestral VS derived traits.
Use outgroup: close relative of, but doesn’t belong to, the group of interest (ingroup).
Ex. Monarch has 4 legs, orange butterfly has 6 legs; what did the ancestor have? Outgroup: fly has 6 legs, so the ancestor probably did too.
Ancestral trait: 6 legs; derived trait: 4 legs.
Outgroup is used to compare phylogenies.
Outgroup (in a phylogeny) will be the species that diverged from the ancestor that the ingroup is all related to.
Outgroup is less closely related to the ingroup than they are to each other.

Whether a particular trait is probably ancestral or derived, given a phylogeny and a suitable outgroup:
If a trait is present in the outgroup and all of the ingroup, the trait is likely ancestral.
If a trait is present in the outgroup and most of the ingroup, the trait is probably also ancestral.
Trait was simply lost in some lineages.
If a trait is absent in outgroup, present in some of the ingroup, trait is likely derived.
Common ancestor didn’t have the trait, some lineages developed it.
If a trait is present in the outgroup, but not in the ingroup, there are two possibilities:
May be ancestral: outgroup has it, but the ingroup all diverged from this trait and the lineages lost it.
May be derived: evolutionary step within the ingroup and the trait was lost.
If trait is absent in outgroup, but present in all the ingroup, the same situation arises as above (no way to tell for sure).

Whether a particular trait is a synapomorphy, symplesiomorphy, or automorphy, given its distribution among the outgroup and the ingroup:
Synapomorphy: two or more ingroups sharing a trait, derived from a common ancestor.
Symplesiomorphy: the outgroup and at least one ingroup sharing a trait, ancestral trait.
Automorphy: unique to a single ingroup, derived within that group.

Meaning of parsimony, as it relates to phylogenetic trees:
Simplest explanation is best.
Occam’s Razor: choose the hypothesis with the least assumptions.

The most parsimonious phylogenetic tree among several options:
Whichever tree requires the smallest number of evolutionary changes (gains or losses of a trait) is probably correct.

The importance of monophyletic groups (clades) in classification:
Cladistics: only monophyletic groups (clades) make sense.
Identify MRCA of the group in question.
Does the group include all MRCAs descendants?
If yes, it’s a clade (a group of organisms arising from a common ancestor).
If no, then they are not a monophyletic group.

Monophyletic VS nonmonophyletic groupings of taxa, given a phylogeny:
In a hypothetical tree, if you have to make more than one “cut” to make a group, it is not monophyletic. It only takes one cut of descendants of MRCA to create a monophyletic group.

Why biodiversity changes over time:
Biodiversity varies over time: balance between speciation and extinction.
These interactions affect evolution.
Rates of speciation and extinction.
Most species that have ever existed are now extinct: constant turnover and replacement.
Due to mass extinction or gradual loss.
Background level extinction.

Meaning of adaptive radiation:
Fast burst of speciation into many descendant lineages.
Triggered by ecological opportunity.
Ex: Darwin’s finches. Single species of ancestral finch thrived on the Galapagos and speciated into different versions of the original finch.

Factors that may trigger an adaptive radiation:
In the wake of mass extinction, species tend to diversify and experience adaptive radiation. After dinosaur extinction, the mammals were able to thrive in the dinosaur-free environment (more food, habitat, less predation) and speciated into many forms of mammals.
Evolutionary innovations can induce adaptive radiation:
Angiosperms use animals as pollinators.
Different pollinators = reproductive isolation.

Biotic VS abiotic components of the environment:
Ecology: interactions between organisms and they environment.
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Independent Study Outcomes

Why some pathogens (disease-causing organisms) evolve towards greater virulence (harmfulness):
Natural selection favours predators.
Pathogens evolve towards greater virulence because they are selected for. 
That is, they can be selected for antibiotic resistance which increases their virulence. 

How reducing a pathogen's opportunity for water-borne and vector-borne transmission is predicted to affect its virulence:
Pathogens are transmitted via water, air, contact etc. So, if there is less opportunity for the pathogen to be transmitted, it is less likely to infect others (decreased virulence).
Cleaning water supply decreases virulence.
Vector-borne diseases are more harmful than non vector-borne diseases.
By reducing a pathogen’s opportunity for water-borne and vector-borne transmission, you will be able to evolve the pathogen to mildness. 
Ex: You can reduce malaria’s severity by mosquito-proofing houses. Less people being infected, meaning pathogen can’t evolve resistance to drugs and treatment because biting frequency is low. 

Predicted relationship between virulence and antibiotic resistance:
Virulence and antibiotic resistance is directly proportional. 
Increased virulence means more people infected, meaning more people are being treated with the antibiotic and there is now a pressure on the pathogen for antibiotic resistance. 
Once resistance population is selected for, the population increases and antibiotic becomes obsolete. 
Then vice versa. Decreased antibiotic resistance results in decreased virulence. 

Lecture Outcomes

Mutualistic, competitive and antagonistic relationships between species, given 'real world' examples:
Humans have mutualistic interactions with other species (domesticating dogs: dog and human protect each other).
Competitive interaction: members of both species suffer (trees competing for resources: sunlight, nutrients, water).
Antagonistic relationship: one member of one species benefits from the interaction, the other suffers.
Predator-prey interaction: natural enemies.

Examples of Red Queen equilibrium:
Arms race may keep escalation until costs outweigh the benefits.
Red queen equilibrium: run as fast as you can to stay in the same place (evolutionarily).
Snakes develop toxins, selection pressure on other snakes to develop toxins to outcompete them, selection pressure on original snakes develop more powerful toxins to outcompete them.
Just momentarily better adapted, until the counter-adaptation comes into play.

Factors that advantage one side or the other in an evolutionary arms race:
Generation time: faster generation times have an advantage (how fast can one adapt to the selection pressure).
Population size: smaller evolves faster because they are more affected by genetic events.

Meaning of 'life-dinner principle':
Life-dinner principle: prey species often win evolutionary arms races due to the strength of selection.
Prey has to escape every single time, so the prey has to increase fitness every single time.
Selection pressure on prey.
Once the predator catches the prey, it cannot increase its fitness anymore.
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Lecture Outcomes

Difference between prudent-parasite hypothesis and trade-off hypothesis, in terms of the evolution of virulence:
Prudent-parasite hypothesis: a parasite that kills its host too soon, before infecting a new host, is doomed.
Optimal virulence is low (benign): harm the host as little as possible so you get transmitted to a new host.
Trade-off hypothesis: the costs and benefits of virulence
Optimal virulence depends on how the parasite spreads.

Factors that influence the optimal virulence of a given host/parasite relationship:
Direct contact: optimal virulence is low, since sick host will not travel, spreading the virus.
In general, viruses that are less easily transmitted between hosts are less harmful.
Viruses that are passed on from parent to offspring host will be less virulent because the host needs to make it to a reproductive stage.
High host density increases parasitic virulence.
Evolution over time, based on past and current environments.

Costs and benefits of being highly virulent (from the point of view of the parasite):
Costs:
High virulence kills the host too soon, harming the parasite.
Parasite cannot be transmitted to other hosts.
Benefits:
Many copies of the virion is made while the host is infected.
More likely for the virus to be transmitted.

Trends in incidence of infectious vs. autoimmune disorders with respect to GDP:
Over the last 50 years, infectious diseases (mumps, measles, tuberculosis, rheumatic fever, hepatitis A) have declined and autoimmune disorders (multiple sclerosis, Chrohn’s disease, type 1 diabetes, asthma) have risen.
More autoimmune disorders wherever there is higher GDP, greater access to medicine.

Evolutionary basis of diseases of civilization:
Mismatch between past and current environments.
We are adapted to ancestral environments.
Major threats to health, then:
Predators.
Infectious diseases.
Starvation.
Major threats to health, now:
Cars.
Heart and stroke.

Evolutionary basis of the "hygiene hypothesis":
Hygiene hypothesis: we are adapted to dirtier environments.
Ancestral environment: more parasites.
Now, we are more hygienic.
Our bodies are overly equipped to battle parasites which we no longer experience.
Leads to autoimmune disorders: your body turns against itself because parasites have declined, but our bodies are still trying to fight them.

Reasons why harmful traits are maintained by trade-offs, antagonistic, pleiotropy, etc.:
Antagonistic pleiotropy: selection maintains a “harmful” trait because it benefits fitness in another context.
Sickle-cell anemia VS malaria.
Harmful allele, but it helps with immunity to malaria.
Tay-Sachs disease VS tuberculosis.
Age-related antagonistic pleiotropy:
Huntington’s disease and fertility.
People with Huntington’s produced more offspring.
Cancers and attractiveness/fertility.
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Lecture Outcomes

Arguments for and against the idea that human are no longer evolving:


Evidence for recent evolution in humans:


Costs of large brains:


Possible advantages of large brains as proposed by the "utility hypothesis" vs. the "mating mind hypothesis”:
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