Biology 1001A Full Notes

Lecture 2
1. The general mechanisms by which vaccines protect against diseases.

· Vaccines protect against disease by priming the immune system. They introduce a harmless version of the disease into the body that allows the immune system to gain “memory” of the invader for the next time it encounters the disease

· Later, due to priming by the vaccine, the immune system is able to respond faster and with more intensity with antibodies to the real, damaging form of the disease

2.  Why developing a vaccine against HIV is relatively challenging, compared to other diseases.

· HIV has a high mutation rate so it changes the markers on its surface too often to develop an effective vaccine. Each time the markers change, the vaccine is useless and the immune system can’t recognize the virus
3. Why people are encouraged to get a flu vaccine each year (as opposed to one time only).

· Every year, the flu virus mutates so the previous year’s vaccine is rendered useless by the mutation of the virus
Lecture 2 lecture
1. General global distribution of HIV infection

· HIV is felt globally (a pandemic)
· Every inhabited continent has been stricken with HIV.
· In Canada, in the US, and in Europe, HIV is less common

· In Sub-Saharan Africa, Aids and HIV are an incredibly prevalent disease 

· Sub-Saharan Africa accounts for about 60% of all people infected with the disease and 90% of children living with the disease
2. General temporal trends in HIV infection rates
· Over the last 20 years, HIV infection rates have increased but may be reaching a plateau
· Deaths due to AIDS have been on the decline

3. Factors that explain why no cure or universal vaccine has been developed for HIV/AIDS
· The virus mutates and changes over time
· Our immune defenses are crippled by HIV

4. Reasons why viruses are not considered “alive”.

· Viruses can’t self reproduce, they need a host (obligate parasites)
· No metabolic processes, not made up of cells

· Viruses are not cellular

5. Reasons why anti-viral drug therapies often have serious side effects.

· Viruses need a host cell to reproduce and use host cell mechanisms for that purpose
· Severe side effects because viruses are using the host cell almost every step of the way so there is no way to target the virus without targeting the host cell

· Anti-viral drugs can kill the virus, but there will be a lot of collateral damage as well

6. Major steps in life cycle of HIV.

· The glycoproteins on the surface of HIV mediates attachment to the protein receptors on the host cell and fuses with it
· The viruses injects RNA and reverse transcriptase into the host cell which splices its genetic code into the host cell’s DNA with the help of integrase
· Transcription of the viral DNA results in the production of RNA which can serve as the genome for new viruses and can be translated to produce viral proteins
· Complete HIV particles are assembled and in macrophages, HIV buds out without rupturing the cell while in T cells, HIV exits by rupturing and killing the cell

7. Specific role of integrase and reverse transcriptase in retroviral life cycle.

· Integrase splices viral DNA into host DNA
· Reverse transcriptase reverse transcribes the viral RNA into double stranded viral DNA. It is highly error prone (no proofreading enzymes) so it causes a lot of mutations
8. Mechanism of action of AZT.

· Anti-retroviral therapies inhibit virus-specific enzymes
· AZT mimics thymidine and inhibits reverse transcriptase

9. Reasons why effectiveness of AZT decreases over time.

· AZT resistance began to emerge as the virus evolved
· In a population of viruses, some will be more resistant to AZT than others

· The presence of AZT selects for individuals with resistance so over time, the population of the viruses becomes primarily populated by resistant individuals as they reproduce successfully in the presence of AZT while the other do not
· Evolution and natural selection in action

10. Rationale for multi-drug (drug cocktail) approach to treating viral infections.

· If multiple points of HIV action are targeted, it is much harder for resistance to evolve 
11. Principles of evolution of HIV: variation, heritability, differential reproduction, change in genotype of population.

· Variation: in a large population of HIV particles, some virions will have different mutations than others, with mutations occurring at a high frequency. This creates a large variability in the genotypes of the HIV particles
· Heritability: mother virions produce daughter virions that are similar so the mutations in a population are passed on from one generation to the next (heritability)

· Differential reproduction: selection pressure favours reproduction of some virions over other

· Change in genotype of population: eventually, the susceptible virions die off. Only the resistant virions are able to reproduce. The population thus changes over time
12. Role of CCR5-Δ32 mutation in human resistance to HIV infection.

· Some people will not catch HIV regardless of repeated exposure to HIV or, if they do, the disease progresses very slowly. These people have a deletion in one of the alleles that code for proteins on an immune cell receptor
13. Global distribution of CCR5-Δ32 allele.

· The allele is not spread evenly over the population
· It is uncommon in African countries and more common in Scandinavia and North Eastern Europe as well as among Ashkenazi Jews

14. Likely explanations of modern distribution of CCR5-Δ32 allele.

· Perhaps this allele was selectively favoured in Northern Europe during historical epidemics like the plague and smallpox
· Perhaps it’s just chance and history
Lecture 3
1. Characteristics shared by all life.

· All life displays order, harnesses and utilizes energy, reproduces, responds to stimuli, exhibits homeostasis, grows and develops, and evolves

2. In what way properties of life are "emergent".

· The characteristics of life come about, or emerge, from many simpler interactions that in themselves do not have the properties found at higher levels
· Not only is the functional or structural complexity of living systems more than the sum of the parts, it is fundamentally different

3. Characteristics of the "habitable zone" of a solar system.

· The region of space around a star where the heat from it allows for surface temperatures to be within a range that allows water to exist in a liquid state

4. Conditions of a primitive Earth.

· The atmosphere contained an abundance of water vapour as well as large quantities of hydrogen (H2), carbon dioxide (CO2), ammonia (NH3), and methane (CH4).
· There was almost a complete absence of oxygen (O2)

· According to Oparin and Haldane, the atmosphere was a reducing atmosphere because of the presence of such molecules (eg. ammonia, hydrogen, methane)

· These molecules contain an abundance of electrons and hydrogen and would have entered into reactions with one another that would have yielded larger and more complex organic molecules

· Today, in our oxidizing atmosphere, high levels of oxygen prevent such molecules from being formed because oxygen would itself accept the electrons from organic molecules and be reduced to water

· The lack of oxygen also meant there was no ozone layer

· Without the ozone layer, energetic ultraviolet light was able to reach the lower atmosphere to provide energy needed to drive the formation of key biological molecules

5. Types of molecules that were, and were not, synthesized by the Millar-Urey experiment.

· Urea, amino acids, and lactic, formic, and acetic acids were formed
· When cyanide and formaldehyde were added to the simulated primitive atmosphere, amino acids, fatty acids, the purine and pyrimidine components of nucleic acids, sugars such as glyceraldehyde, ribose, glucose, and fructose, and phospholipids were formed

· Debate has developed over whether or not Earth’s primitive atmosphere contained enough methane and ammonia to be considered reducing.

· Polymers were not produced but clay catalysts may have helped

6. Importance of liposomes in evolution of first cells.

· A critical step along the path of life is the formation of a membrane-defined compartment
· Such a compartment would allow metabolic reactions to take place in an environment distinctly different than the external surroundings, the concentration of key molecules could be higher, and greater complexity could be maintained in a closed space

· A probiont is the term given to a group of abiotically produced organic molecules that are surrounded by a membranelike structure

· An early type of probiont could have been similar to a liposome (lipid bilayer cell)
· Liposomes are selectively permeable and can swell and contract depending on the osmotic conditions of their environment

7. Characteristics of mimivirus that suggest it should be considered to be alive.

· It can get sick, it has a large number of coding genes, it is really big
8. Characteristics of virophage.
· A virophage infects a virus that infects another cell and hijacks its machinery to replicate itself. It is much smaller than its host virus
· The satellite virus can perform horizontal gene transfer between viruses

Lecture 3 lecture

1. Age of the Earth.

· 4.6 billion years ago, Earth formed
2. Age of start of life on Earth.

· Based on geological evidence, 3.6 billion years ago cyanobacteria were around
· But they weren’t the first form of life. Maybe 4 billion years ago life formed

3. Domains of life.

· Bacteria, archaea, eukaryotes. LUCA is common to all forms of life

4. Characteristics of LUCA
· Last Universal Common Ancestor: all life is derived from this single form of life
· Embodied many key characteristics now seen in all forms of life (see below)
5. Characteristics shared by all domains of life.

· All use DNA, RNA, and protein (Central Dogma), DNA for genetic system, DNA to RNA to protein transfer of information, cells made of lipids, common system of protein assembly, ATP and glucose and glycolysis for energy
6. Reason why the term “prokaryote” is inappropriate.

· Prokaryotes don’t exist. Archaea and bacteria used to be lumped together and called prokaryotes but archaea are far more similar to eukaryotes than bacteria. They share no common ancestor except LUCA. Nothing in common
· No single group of organisms can be lumped into “prokaryotes”

· “Pro” means anteriority, but there is no evidence prokaryotes came before eukaryote

7. Reductive evolution explanation for rise of bacteria and archaea.

· Evolutionary does not always move from simple to complex
· LUCA may have been a proto-eukaryote but by reductive evolution, bacteria and archaea got rid of the eukaryote attributes

· Streamlined themselves

8. Advantages of evolutionary simplification (streamlining).

· To survive in harsh environments, to reproduce faster, to conserve energy
9. Relationship between homochirality and life

· Chirality means handedness
· You cannot superimpose one chiral partner on the other

· Two enantomers (optical isomers) have the same groups but differ in the orders they are attached. Have identical chemical and physical properties but have vastly different biological properties (thalidomide can be an antiemetic or a teratogen through chirality)
· Life is homochiral. We only use one form of the chiral pair

· This is essential to the evolution of life (L amino acids, D sugars)

· But Miller-Urey could not explain this because the products were racemic (50/50)

· The cost to the cell to use both chiral partners would be huge (cell would have to make two of everything)

· We don’t know where this homochirality came from

10. Reasons why we think RNA was the first of the three molecules of the Central Dogma to evolve.

· Central Dogma: DNA to RNA to protein. Enzymes are needed to drive this synthesis and enzymes are proteins. We need the product to catalyze the intermediary steps

· But RNA could function as an enzyme catalyst (ribozymes) and carry information so it was likely the first form of information transfer in ancient cells
· After RNA was formed, protein probably came along, followed last by DNA

11. Force that drives RNA folding.

· RNA is three dimensional and can fold into a very specific shape
· Watson-Cricks base pair interactions hold the molecule in its specific shape
12. Characteristics of a ribozyme.

· A ribozyme is an RNA molecule that can catalyze a reaction
· It plays a role in precursor tRNA processing, introns excision, mRNA processing, etc.

13. Mechanism whereby a ribozyme cleaves RNA.

· A ribozyme catalyzes a reaction by forcing the substrate into a conformation so it strains that substrate into a shape that favours catalysis
· The ribozyme cleaves RNA by removing a proton from oxygen which becomes very reactive and forms a bond with the phosphodiester group which cleaves it from the RNA
14. Characteristics of amino transferase activity.

· Ribosomes catalyze peptidyl transferase activity (formations of peptide bonds in the translation process of protein biosynthesis). Ribosomes are 2/3 RNA, 1/3 protein (ribonucleoprotein)

15. Reasons why a ribosome is considered a ribozyme.

· A ribosome catalyses the formation of protein chains
16. Advantage that protein has over RNA as a catalyst.

· More variability in sequence (20 amino acids vs. 4 base pairs)

· Enzymes have higher rates of catalysis and are more diverse in structure and function

17. Advantage that DNA has over RNA as a repository for genetic information.
· Thymine replaces uracil because a cytosine to uracil mutation is common. Now DNA polymerase can see that the uracil is a mutation (increases the fidelity of the process) 

18. Chemical basis for the advantage that DNA has over RNA as a repository for genetic information.
· DNA is far more stable than RNA because of the difference on the 2prime group on the 5 carbon. RNA has a hydroxyl group, DNA doesn’t. RNA degrades very quickly because of the hydroxyl group but we can isolate DNA from millions of years ago
· As well, this change also alters the shape of the molecule just enough to make it much more likely that two DNA strands will interact to form the classic double helix

· Complementary strands allow you to rely on the other copy as a back-up

Lecture 4

1. The approximate times by which the first cells, and the first eukaryotic cells, had appeared.

· The first organisms may have been single-celled methane producing bacteria that existed more than 3.5 billion years ago
· The first eukaryotic cells appeared 2.5 to 2.8 Bya

2. The two-kingdom, five-kingdom and three-kingdom (three domain) systems for classifying living things.

· Until about 50 years ago, all organisms were classified into plants or animals
· Life was then classified into prokaryotes and eukaryotes using cellular characters

· Then, the five kingdom scheme came into being. Organisms were divided into five groups: one for prokaryotes, four for eukaryotes (protists, fungi, plants, and animals)

· About 30 years ago, life was reclassified using molecular evidence into three kingdoms: Eubacteria, Archaea, and Eukarya

3. Main characteristics distinguishing members of the Eubacteria, Archaea, Eukarya domains of life.

· Eubacteria includes the major form of bacteria and cyanobacteria
· Archaea are unicells with cell walls made of different molecules than those found in Eubacteria. Archaea tend to live under harsher conditions

· Eukarya includes some unicellular organisms (slime moulds, ciliates, etc.) and the three groups of multicellular organisms (fungi, plants, and animals).

· The Archaea have histones, and their genome is far different from Eubacteria. They are more closely related to Eukarya than Eubacteria 

4.  Meaning of horizontal gene transfer and why this makes it challenging to recreate the universal tree of life.

· Horizontal gene transfer is the transfer and incorporation of one organism’s or species’ DNA into the DNA of a different organism or species
· Horizontal gene transfer has occurred between prokaryotes and from prokaryotes to eukaryotes

· HGT between individuals contrasts dramatically with the vertical transmission of genes from generation to generation

· HGT obscures phylogenetic relationships when otherwise distantly related organisms share a gene or sequence obtained through HGT rather than through common ancestry

· As much as one third of the genome of some prokaryotes was acquired through HGT

5. Monophyletic vs. polyphyletic groupings of organisms.

· Monophyletic means one origin. It is used for lineages that share a single common ancestor
· Polyphyletic means many origins. It is used for groups that have more than one (multiple) independent origins

Lecture 4 lecture

1. Most recent common ancestor (MRCA) for a given group(s), given a phylogenetic tree.

· MRCA of all humans: 3,000 years ago
· MRCAs are the place where the phylogenetic tree branches off the main branch

2. Why the idea that “humans are descended from chimps” is inaccurate.

· Humans did not evolve directly from chimpanzees, we simply share a common ancestor with chimps. The lineages diverged and one formed hominids and the other formed chimps and bonobos
· Our MRCA was not a chimp, it was intermediate between a chimp and a human

3. Order of main branching events in tree of life (dates not testable).

· Rendezvous 1: Chimps and bonobos, 5-6 million years ago

· Rendezvous 2: Gorillas, 7 millions years ago

· Rendezvous 3: Orangutans, MRCA of all great apes

· Rendezvous 4: Gibbons, MRCA of all apes
· Rendezvous 5, 6: Old and New World monkeys 

· Rendezvous 7: Tarsiers, 58 million years ago
· Rendezvous 8: Lemurs and lorises, MRCA of all primates

· Rendezvous 9: mass extinction event, end of dinosaurs

· Rendezvous 10: Rodents and rabbits

· Rendezvous 11: Laurasiatheres (evolved in the north in Laurasia)

· Rendezvous 14 and 15: Marsupials and monotremes (MRCA of all mammals)
· Rendezvous 16: Reptiles and Rendezvous 17: Amphibians, MRCA of all tetrapods

· Rendezvous 18 to 22: Lungfish, Coelacanths, Ray-finned fish, Sharks, Jawless fish. MRCA of all vertebrates, 530 mya
· Rendezvous 26: Protostomes and Rendezvous 34, 35, 36: Fungi, Amoebozoans, Plants

· Rendezvous 38: Archaea, MRCA of all eukaryotes and Rendezvous 39: Bacteria

4. Cause of global catastrophe associated with mass extinction 65 mya.

· End-Cretaceous mass extinction thought to be caused by a meteor hitting the Earth and kicking up a giant dust cloud. Changed the temperature and the availability of light

· Half the species on Earth went extinct. Global catastrophe. End of the age of the dinosaurs, beginning of the age of the mammals

5. Relative proportion of protostome vs. deuterostome species.

· Deuterostomes are dwarfed in terms of species diversity compared to protostomes
· So many more protostomes, because they include insects, mollusks, etc.

6. Information provided by genetic relatedness vs. traditional groupings of organisms (“reptiles”, “fish”)
· When we look at their phylogeny and their patterns of descent and relatedness, birds are actually just a type of reptile. Things like snakes and lizards are more closely related to birds with a more recent common ancestor than they do with turtles

· “Fish” can be no more closely related to each other than to us (ex. Lungfish and Sharks)

7. Distribution of multi-cellularity in tree of life.

· Multi-cellularity has evolved in only three groups: plants, animals, and fungi
· Plants can be unicellular or multicellular. Amoebozoans like slime moulds can live as a unicellular organism or group to form multicellular groups 

8. Why estimating numbers of species is uncertain.
· There are more species undiscovered than there are discovered
· Most of the species on Earth have not been described

· Many species live in environments that are hard to reach (ocean depths, lizard lungs)
9. Role of similarities due to common descent (DNA genome) vs. convergence (eyes) in constructing a phylogenetic tree.
· There are some things that are found in every living creature (DNA, glycolysis, ATP, etc.)
· We have these traits in common because we descended form a single common ancestor

· But some similarities reflect shared ancestry while other traits are similar due to convergence (eyes have evolved multiple times, like sonar)

· If evolution were to rerun, would the outcomes be the same?

Lecture 5

1. Meaning of "C-value".

· The amount of DNA contained within a haploid nucleus (1n)
2. "Paradox" or "enigma" associated with C values

· The puzzle surrounding the extensive nuclear genome size among eukaryotic species
· Genome size does not correlate with organismal complexity (C-value paradox)
· The C-value enigma refers to the issue of variation in the amount of non-coding DNA found within the genomes of different eukaryotes

3. Meaning of haploid (n) and diploid (2n)

· Haploid means the organism has only one of each chromosome, diploid means the organism has two copies of each chromosome as a pair of homologues
· The number of chromosome sets is called the ploidy of an organism

4. Relationship between C and n as measures of genome size

· In bacteria and archaea, larger genomes tend to reflect increased gene number
· Members of the Eukarya domain vary widely in both C, gene number, and n
· There are no rules relating organism complexity and genome size or chromosome number
· When DNA is being replicated in mitosis, C doubles, but n does not change

5. Proportion of the human genome that codes for protein.

· Most is non-coding, only 2% of the human genome codes for protein
· Introns occupy about 24% of the genome

· The rest of the DNA occupies the space between the genes with more than 50% having no known function

Lecture 5 lecture

1. Non-nuclear genomes in typical plant and animal cells.

· Animals have mitochondrial DNA, plants have mitochondrial and chloroplast DNA
2. Trend in C value from prokaryotic vs. eukaryotic cells.

· The amount of DNA is one genome is called C. Genome size is quite variable
· In general, genome size goes up among eukaryotes compared to prokaryotes but within a taxonomic group, C-value has a very wide range
3. Relationship between C value and organismal complexity

· There seems to be no relationship between C-value and organismal complexity
· This is the C-value enigma

4. Relationship between C value and ploidy

· One C value is distributed over one set of chromosomes
· Two sets of chromosomes (2n) is equal to 2C. The organism is diploid. Ploidy refers to the number of sets of chromosomes
· In trying to understand genomes, the number of chromosomes is not very useful

5. Distribution of linear vs. circular chromosomes in the various domains of life.

· Linear chromosomes are characteristics of Eukarya
· Archaea and bacteria (prokaryotes) have circular chromosomes

· Mitochondria and chloroplasts also have circular genomes

6. Role of nucleosomes in DNA packaging in chromosomes

· A chromosome is packaged chromatin: DNA plus protein
· The DNA is wound around nucleosomes (made up of histone proteins) to condense it

7. General trends in costs of DNA sequencing

· The cost of DNA sequencing is dropping quickly
· From three million dollars to 10 thousand now

8. Relative distribution of various component of genome sequence ("junk" vs. essential DNA)
· 10% is essential DNA, with about 2% coding for proteins. 10% is intron sequences
· 25% is unknown but more than 50% of DNA is thought to be “junk”
Lecture 6

1. Purine and pyrimidine base-pairing in DNA/RNA

· DNA contains four different nucleotides with each containing the five-carbon sugar deoxyribose, a phosphate group, and either adenine, guanine, thymine and cytosine
· Two of the bases (adenine and guanine) are purines and the other two (thymine and cytosine) are pyrimidines
· Purines bond with pyrimidines (A and T, C and G). These relationships are Chargaff’s rules

· In RNA, thymine is replaced with uracil. The base pairing remains the same (A with U)

· This is complementary base pairing. The purine and pyrimidine pair is stabilized by hydrogen bonds and is just the right size to fit between the DNA backbone

2. Outcome of the classic Meselson and Stahl experiment

· Meselson and Stahl tagged the DNA with non-radioactive, heavy nitrogen 15 isotopes (which has one more neutron than normal nitrogen 14) by growing E. coli in a culture medium containing nitrogen 15. The DNA incorporates the denser nitrogen into its structure
· Then they transferred the bacteria to a culture containing the nitrogen 14 so all the newly replicated DNA would incorporate it and be tagged with the lighter nitrogen 14

· Just before the transfer to the nitrogen 14 medium and after each round of replication following the transfer, they extracted DNA from cell samples

· DNA formed one density band when centrifuged after one replication, two after two replication. The first density band contained equal amounts of N14 and N15; the second two had an N14 and N14 band and an N15 N14 band. This matched the predicted results using the semi-conservative replication model, supporting the hypothesis
3. Direction of movement of DNA polymerase on the template strand

· The deoxyribose sugars are linked by the breaking of phosphate groups. This means DNA polymerase can only add molecules at the 3I end (on the hydroxyl group)
· Each phosphate group is a bridge between the 3I carbon of one sugar and the 5I carbon of the other sugar

· Because of the anti-parallel nature of DNA, the template strand is read in the 3I to 5I end. In one replication fork, DNA polymerase moves in two different directions, always from the 3I end to the 5I end of the template strand

4. Meaning of semi-conservative, semi-discontinuous, leading and lagging strand

· Semi-conservative replication: both original DNA molecules serve as template strands and pair with the new strands to form an exact copy of the original DNA molecules composed of one new and one old strand
· Semi-discontinuous replication: because the two strands of DNA are anti-parallel, only one strand can be synthesized continuously in the 3I to 5I direction towards the replication fork. The other must be replicated in short strands called Okazaki fragments away from the replication fork
· Leading strand: the new strand of DNA synthesized in the direction of unwinding
· Lagging strand: the new strand of DNA synthesized in the direction opposite unwinding
5. General action of proteins in Fig. 12.15.
· DNA helicase unwinds the DNA
· Primase synthesizes RNA primers in the 5I to 3I direction (in the direction of unwinding in the leading strand and in the opposite direction in the lagging strand)
· Topoisomerase prevents twisting ahead of the replication fork as DNA unwinds
· DNA polymerase III adds DNA nucleotides to the RNA primer (3I to 5I)
· DNA polymerase I removes the RNA primers and replaces then with DNA bases

· A break in the backbone remains after DNA polymerase is done, DNA ligase seals it
Lecture 6 lecture

1. Basic structure of double-stranded DNA

· DNA is a double helix composed of two DNA molecules running antiparallel (conferring polarity) and stabilized by hydrogen bonds between the base pairs
· This antiparallel arrangement is highly significant for the process of replication

· 3I has hydroxyl group, 5I has phosphate

2. Components necessary for DNA synthesis

· DNA synthesis requires a phosphate group to break and supply energy to the replication process (at the 5I end)
3. Direction of elongation of a given DNA strand

· Bases always added on the 3I end to the free 3’OH, 5I to 3I
4. Structure of a replication bubble

· Two replication forks stuck together is one replication bubble
· Two forks at one origin, so at one origin, there are two leading strands, and two lagging strands basically diagonal to each other
· There are multiple origins all across your genome

5. Relationship between replicated DNA and metaphase chromosomes

· Chromatids are identical DNA molecules attached at the centromere
· You have the same number of chromosomes whether they are replicated or not, replication increases the amount of DNA (C), not the number of actual chromosomes (n)
· DNA replicates in S-phase, in G2, your genome is composed of two DNA helixes, and in mitosis, the DNA condenses into chromatids and separates into daughter cells
· Note: most cells are in G1 or G0, not in mitosis. Even if they are cancerous, even if they are repairing a wound, even actively cycling cells are mostly in interphase

6. Why chromosomes shorten at each replication

· An RNA primer is removed at the 3I end of the template and cannot be replaced because DNA polymerase can only add new bases on the 3I end and at the 3I end of the template strand, the 5I end of the new strand is exposed and so cannot be extended
7. Mechanism by which telomerase adds telomeres to chromosomes

· Telomerase extends the ends of the DNA by extending the 3I end through an RNA template. 
· The DNA added is a telomere (it is a repeated stretch of DNA at the ends of chromosomes)
· RNA primer is then added to the new telomere as usual and the 5I end extended as usual, from 3I to 5I end. Afterwards the primer is removed once more.
Lecture 7

1. Stages and main characteristics of the stages of mitosis.

· Prophase: DNA condenses into sister chromatids, translation and transcription stop
· Prometaphase: nuclear envelope disappears, microtubules attach to replicated chromosomes

· Metaphase: chromatids line up at the spindle midpoint/metaphase plate
· Anaphase: cohesion dissolves and sister chromatids (now called chromosomes) are pulled by motor proteins in kinetochore along spindles to opposite poles of the cell

· Telophase: The spindle disassembles, the nuclear membrane reappears and the chromosomes decondense. Cleavage furrow forms. End stage of mitosis

2. Stage of cell division, given a micrograph of a dividing cell.

3. Role and mechanism of the mitotic spindle.

· The mitotic spindle does not actually pull the chromatids. Motor proteins as part of the kinetochore walk their way along the microtubules attached to the centromere

· The region where sister chromatids are closest to each other is called the centromere

· A microtubule attaches at the kinetochore protein complex which is located at the centromere due to protein attraction. Spindle from opposite poles have to attach to chromosomal kinetochores for anaphase to proceed
4. Role of cell cycle check points.

· Ensures one stage has completed properly before the cell proceeds to the next stage

· The metaphase checkpoint ensures each daughter cell receives the correct amount of DNA and chromosomes and does not become aneuploid
· G1 to S phase checkpoint determines whether the cell will divide. If not, the cell is routed to G0

· One cell cycle checkpoint stimulates the cell to enter M phase from G2

· Ex. If some DNA remains unreplicated after S phase, the cell spends more time in G2 to allow time for replication to complete before moving into mitosis

· Inhibitory events occur if the cell’s DNA is damaged to allow the cell to repair the damage

5. Changes in amount of DNA throughout the cell cycle.

· In S phase, DNA is replicated and becomes 4C in diploids. The ploidy (n) does not change
· After telophase, each daughter cell receives the normal amount of DNA (2C in diploids) as well as the normal amount of chromosomes (2n in diploids)
· The amount of DNA doubles in replication and is then divided in mitosis
Lecture 7 lecture

1. Mechanisms that ensure "inheritance of sameness"

· Complementary base pairing during replication (A has to go with T, etc.)
· Equal division of chromosomes between daughter cells DNA replication in S-phase
· Proofreading enzymes, damage repair

· Cell cycle checkpoints (to ensure equal division, that all DNA is replicated, no damage, etc.)

· Programmed cell death (to prevent too many mutations). Old cells die
· Double strands of DNA (allows for a “back up” strand)

2. Location of actively cycling cells in multicellular animals/plants

· Bone marrow, gametes, sites of wound repair, skin, digestive cells (esp. in stomach), stem cells

· Root tips, bark, shoots, gametophyte cell locations, meristem tissue, wound repair
3. Function of rapid cycling cells at various stages of the life cycle

· Growth, repair, maintenance of body (skin cells need to be constantly replaced, as do blood cells, etc.), reproduction (formation of gametes), early development
4. Examples of situations in which cells would be programmed to die by apoptosis

· If the cells were surplus (webbed fingers, vestigial tail)

· As part of a developmental program (you become too old, your hair pigment cells die)

· If they became too old (telomeres too short therefore too many replications). But upregulating telomerase just give you more cancer. Telomerase is very highly regulated, expressed in gametogenesis and in some actively cycling cells and…in tumours
· In plants, xylem cells die to become part of the plant skeleton

5. Main features of each stage of mitosis with respect to cytoskeleton and chromatin

· Prophase: Chromatin is replicated and condensed. Spindle and microtubules start to form
· Prometaphase: Microtubules extend into former nuclear area and attach to chromosomes. The motor proteins on each kinetochore engage in a “tug of war” with the opposite kinetochore motor proteins to move the chromatids to the metaphase plate
· Metaphase: Microtubules are attached to chromatin on both kinetochores at metaphase plate 
· Anaphase: cohesion dissolves, centromeres break, the kinetochore motor proteins move the chromosomes along each microtubule to opposite spindle poles 
· Telophase: spindle breaks down and disappears, microfilament forms cleavage furrow
6. Main features of chromosome anatomy

· Two chromatids attached to each other at the centromere (a stretch of repetitive DNA) and by cohesion. One kinetochore protein complex (attracted by centromere) on each chromatid
7. Composition of microtubules, intermediate filaments and microfilaments

· Microtubules made of tubulin protein subunits. Involved in cell shape and distribution of cell organelles (including chromosomes)
· Intermediate filaments made of keratin fibers constructed like woven ropes. Mostly work to resist pulling forces exerted on the cell

· Microfilaments made of actin proteins. Involved in changes in cell shape and cell motility. Forms cleavage furrow

8. Interaction between spindle fibers and kinetochores

· Spindles interact with kinetochores

· Microtubules attach to kinetochore and motor proteins begin to work
9. Role of motor proteins in chromosome segregation

· Motor proteins in the kinetochores pull the chromosomes along the spindle fibers towards the spindle pole each chromatid faces

· Spindle fibers do not move, the motor proteins pull themselves along the fibers
10. Role of cell cycle checkpoints 

· If damage has occurred, the cell cycle is arrested in G1 until the DNA repair mechanism has fixed the problem
· Part of inheritance of sameness. Metaphase checkpoint ensures DNA is equally separated and G2-phase checkpoint ensures it is perfectly replicated
11. Implications for cell division in various components malfunction (ie. what if drugs prevent microtubule polymerization?)

· If the microtubule does not work, aneuploid results (too many or too few chromosomes)
· Therefore, if microtubule is inhibited, the metaphase checkpoint does not proceed and the cell is arrested in mitosis and likely dies
Lecture 8
1. Mechanism of proofreading and likely result of proofreading defects

· The proofreading mechanism depends on the ability of DNA polymerase to back up and remove mispaired nucleotides from a DNA strand 
· Only when the most recently paired nucleotides are correctly paired can DNA polymerase continue to add nucleotides to the growing strand
· If mismatched, DNA polymerase backs up and fixes it with a built in deoxyribonuclease

· If a mismatch is not repaired, it can cause a mutation which can alter the property of a protein encoded by a gene which can alter how an organism functions

· Mutations can be harmful, but they are also an incredibly important source of variation

2. Mechanism of mismatch repair

· DNA polymerase itself (during replication) or a DNA repair mechanism (after replication is over) corrects base-pair mismatches
· Incorrectly paired bases are either too large or too small to maintain the correct separation and so they distort the DNA helix

· These distortions provide a recognition site for the enzymes catalyzing mismatch repair
· They then remove a portion of the helix (along with the improperly paired bases) and DNA polymerase fills the gap. The repair is then sealed by DNA ligase

· The same repair mechanism (excision repair) also detects and corrects damage in DNA cause by chemicals and radiation (like UV light)

3. Differences among insertion sequences, transposons and retrotransposons

· Insertion sequence: an insertion sequence codes only for its own insertion and transposition (like transposase), it does not contain any other genes
· Transposons: transposons are insertion sequences “plus”. They not only code for insertion, they also carry along a few other genes with them

· Retrotransposons: they insert themselves into a genome first by making an RNA copy of the original DNA sequence then reverse transcriptase (encoded by one of the retrotransposon genes) uses the RNA template to make a DNA copy of it. The DNA copy is then inserted at a new location by breaking and rejoining the DNA backbones
4. Implications of insertion of mobile elements into DNA

· Transposons can carry antibiotic resistance genes and help a bacterial species gain immunity much faster than would be expected
· Mobile elements can also regulate or deregulate expression of some genes, causing pigment change, cancer, and various other effects
5. Why transposons are not actually "jumping" genes

· Transposons must be in contact with the insertion site to “jump” from one place to another. They are never “in the air”, they must always be in contact with the DNA

6. Basic structure of retrovirus genome

· Direct repeats on both sides of the genome (unlike inverted repeats in typical mobile elements) with a central sequence coding for viral proteins
Lecture 8 lecture

1. Mechanisms to generate diversity

· Proofreading error, tautomer shifts, in/del mutations (e.g. improper base pairing)

· DNA damage from UV light, radiation, chemicals, etc. and errors in repair of damage

· Meiosis (independent alignment and division of chromosomes, recombination)

· Random fertilization and combinations of alleles
· Retro element insertions, horizontal gene transfer
2. Different types of genomic variation among humans

· 1.2 million variants: ¼ single nucleotide polymorphisms, ¾ copy number variations, inversions, etc.

· CNVs affect 35% of genes (each person probably has about 1000)
· 300 variants in insertion of retro elements (LINES and SINES)

3. Structure of IS elements, transposons, retrotransposons and retroviruses

· IS elements: inverse repeats, code only for their own transposition (transposase)
· Transposons: code for their transposition but carry genes along with them

· Retrotransposons: move via. RNA through reverse transcription
· Retroviruses: direct repeat with central sequence coding for viral proteins

· Some elements move without making a copy, some with

· 45% of your genome is viruses that got stuck in your genome

4. Types of evidence that would be useful in determining how long the human genome has been infected by a given mobile element.

· How often it repeats in the genome (frequency)
· How often it occurs in species that are related to us (evolutionary history)

5. Mechanism by which tautomeric shifts in DNA bases leads to alternative base pairing

· The DNA bases can exist in two forms: amino/imino and  keto/enol
· When a DNA base exists in its normal amino or keto form, it forms hydrogen bonds only with its correct base pair. Anything else distorts the helix

· When a DNA base undergoes a tautomeric shift, it can now form hydrogen bonds with the wrong base (A-C or G-T), and since its bonds are rearranged, the helix is not distorted

· Keto and amino forms (normal bases) are more stable and so predominate in the cell
6. Mechanism by which alternative base pairing gives rise to mutation during replication

· Spontaneous tautomeric shifts change base pairing “partners”

· A base pair shifts to its tautomer and pairs with the wrong complimentary base
· DNA polymerase and the repair mechanisms don’t notice because it doesn’t distort the helix

· During the next round of replication, DNA polymerase pairs the non-tautomeric base with it compliment, giving rise to a double stranded mutation
7. Difference between DNA damage and mutation

· DNA damage is single stranded, improperly paired bases, tautomeric shift, etc.
· A mispair is just damage cause by improper pairing in replication

· Mutations are double stranded changes (SNP), caused when the original base pair (A-T) is replaced by a different base pair (G-C) after one more round or replication
Lectures 9 and 10
1. Products of meiosis in animals vs. plants, fungi and algae

· Meiosis in animals: zygotes divide by mitosis, gametes produced by meiosis

· In plants: Spores and zygotes divide by mitosis in haploid and diploid phases
· In fungi and algae: Spores divide by mitosis, formed by meiosis
· The only gametes on the planet made by meiosis are in animals

2. Timing of meiosis in vertebrate life cycles

· The life cycle of nearly all eukaryotes alternates between a haploid and diploid phase but there is a wide variety in the relative timing of mitosis, meiosis, and fertilization among different species

· In plants, the haploid products of meiosis are spores, not gametes

· These spores divide by mitosis to form multicellular bodies that then make gametes by mitosis. Many organisms make gametes by mitosis

· Animals are haploids only as sperm and egg and fertilization restores the diploid phase of the life cycle. Meiosis is followed directly by gamete formation
· Plants alternate between haploid and diploid generations in which either generation may dominate the life cycle and mitotic divisions occur in both phases

· Fertilization produces the diploid generation (sporophytes)
· After the sporophytes grow to maturity, some of their cells undergo meiosis, producing haploid, genetically different reproductive cells called spores. These spores are not gametes, they germinate and grow directly by mitosis into a generation of haploid individuals called gametophytes

· At maturity, the nuclei of some cells in the gametophytes develop into egg or sperm nuclei which arise from mitosis, not meiosis

· Fusion of a haploid egg and sperm nucleus produces a diploid zygote that divides by mitosis to produce the diploid sporophyte generation again

· The life cycle of most fungi and algae follow the third life cycle pattern: in these organisms, the diploid phase is limited to a single cell, the zygote, produced by fertilization. Immediately after fertilization, the diploid zygote undergoes meiosis to produce the haploid phase. Mitotic divisions occur only in the haploid phase
3. 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

4. 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
5. Characteristics of STR loci that make them useful for forensic DNA analysis (DNA fingerprinting)

· DNA fingerprinting is a technique used to distinguish between individuals of the same species using DNA samples. Done by analyzing DNA variations at various loci in the genome. Each locus is an example of an STR

· Short tandem repeat (STR) sequences has a different repeated sequence and the number of repeats varies among individuals in a population

· One STR locus could have a sequence repeated between 8 and 20 times
· As well, an individual could be homozygous or heterozygous for an STR allele

· Because each individual has an essentially unique combination of alleles, analysis of multiple STR loci can discriminate between DNA of different individuals

6. Mechanism of DNA recombination

· Genetic recombination requires two DNA molecules that differ from one another, a mechanism for bringing the DNA molecules in close proximity, and a collection of enzymes to “cut”, “exchange”, and “paste” the DNA back together

· Most recombination occurs between two DNA molecules that are similar but not identical in the sequence of bases

· Such molecules are called homologues. Homology allows different DNA molecules to line up and recombine precisely because they have the same size, shape, and gene location
· Once homologous region of DNA are paired, enzymes break a covalent bond in each of the four sugar-phosphate backbones. The free ends of each backbone are then exchanged and reattached to those of the other DNA molecule

· The result is two recombined molecules

· Cutting and pasting four DNA backbones results in one recombination event

7. Stage of meiosis when recombination occurs

· During meiosis, homologous chromosomes are paired in prophase I. They may undergo recombination by exchanging segments during this time

Lectures
Lecture 9

1. Reason why incorrect tautomers of bases are not recognized as mismatches and removed by excision repair

· ATGC bases are usually stable but can shift to a tautomeric form
· Tautomerically unstable bases give rise to SNPs after two rounds of replication

· The tautomeric form is not recognized and repaired because this pairing doesn’t distort the helix so the enzymes don’t detect it

2. Mutagenic mechanism of action of base analogues such as 5 Bromouracil

· Some mutagens are tautomerically unstable base analogues
· Ex. 5 Bromouracil looks very much like thymine, DNA polymerase has a hard time telling the difference which makes 5-Bromouracil a base analogue

· It gets incorporated into DNA by mistake

· The problem with these compounds is that they are very tautomerically unstable so mispairing could easily result from 5-Bromouracil undergoing a tautomeric shift
· But chemicals are not necessary, tautomeric shifts happen perfectly naturally

3. Mutagenic mechanism of action of UV radiation

· UV radiation causes thymine dimers that distort the helix
· Photons of UV light have just the right amount of energy to be absorbed by the rings of pyrimidine bases and that can reorganize the bonding to hook the two bases together
· It is very difficult for DNA or RNA polymerase to transcribe or replicate through a dimer

4. Mechanisms of repair of UV photodamage

· In some organisms, DNA polymerase relaxes its pairing rules to get through the dimer
· The two bonded thymine bases do not present hydrogen bonds in the right places so DNA polymerase just puts in anything across from the damage

·  But that creates all kind of damage and mutations. Of course, if DNA polymerase could not get through the damage at all, the cell would not be able to replicate and would die
· It’s a last ditch method but it saves the cell
· Other organisms deal with UV damage with an enzyme called photolyase

· Photolyase breaks the dimer bonds and puts the bases back as they were

· Photolyase is powered by white light
· It’s brilliant because whenever you’re exposed to UV light, you’re exposed to white light

· Humans don’t have photolyase. Mammals deal with UV damage by excision repair
· The backbone has to be cut, the dimer has to be taken out, and the DNA replaced
· The ability to repair damage or not affect the diversity of your genome

5. Mutagenic mechanism of in/del damage during replication

· Slippage during replication can result in adding or deleting base pairs
· Whenever there’s a strand of repetitive sequences, it’s possible for some to loop out with the rest still stably bound enough so DNA polymerase doesn’t notice and replicates a base pair an extra time. The strand ends up with too many of a base

· But if the other strand loops, you lose a base

· This is an in/del (insertion/deletion) mutation
6. Mutagenic mechanism of ionizing radiation

· Radioactive atoms are simply unstable isotopes which decay
· Decay of radioactive iodine and cesium creates “ionizing radiation”

· Radioactive iodine is dangerous because it is bioaccumulated in the thyroid

· High energy ionizing radiation, when it passes through your body’s cells, rips electrons from molecules, particularly oxygen. This creates reactive oxygen species (ROS) which damage DNA
· Reactive oxygen can break DNA backbones and if you break both backbones then the chromosome is broken

· Repairing double stranded breaks can cause rearrangements like deletions, duplications, inversions, or translocations. These are CNVs and can cause cancer
7. Types of chromosomal rearrangement resulting from attempts to repair double strand breaks

· Deletions: an enzyme can remove a base pair from the sequence
· Duplications: an enzyme can replicate the same base pairs twice

· Inversions: an enzyme can switch the base pairs around, copying them backwards

· Translocations: an enzyme can replicate part of one chromosome on the end of another chromosome if both are broken
8. Possible consequences of relocation of DNA sequences within or between chromosomes

· Relocation can cause deregulation of a gene (Burkitt lymphoma)
· Repairing double stranded breaks is one of the ways CNVs arise in a genome
9. Possible advantages of gene duplication

· If one gets damaged, you have a back-up
· Twice as much protein can be produced
· The second gene can diverge now and take on a new function

10. General use of gene families to create phylogenetic trees

· Gene duplication causes gene families. CNVs among different organisms
· Gene duplication occurs over evolutionary time so we can trace genes to common ancestors and see when the gene duplication took place
· Gene families reflect evolutionary history of relatedness

· It seems CNVs have enable groups to differentiate and diverge
Lecture 10

1. Reason why meiosis I is "reductional" and meiosis II is "equational"

· In meiosis I, chromosome number is reduced from diploid to haploid. Homologous pair, go to different cells, and the resulting cells have half the number of chromosomes (reductional division)
· In meiosis II, the amount of DNA in a cell is reduced (1xC) but the chromosome number is not (equational division)

2. Changes in C and n during meiosis

· In meiosis I, the number of chromosomes (2n) is reduced by half to make a haploid cell (n) but the amount of DNA stays the same (2C) as in the parent cell
· In meiosis II, the number of chromosomes remains haploid, but the amount of DNA is reduced to half (C)

· The products of meiosis go from a cell with 2n and 2C, to a cell with n and 2C, to the final product, a haploid cell with half as much DNA as its parent (1n, 1C)

· Daughter cells are haploid not because they are unreplicated, but because there’s only one of each homologue

3. Mechanism of recombination during prophase

· In prophase of meiosis I, homologous pair and recombine (sexual recombination not reproduction)
· Homologues with very similar DNA sequences and recombination enzymes make cuts in the backbone and then they paste the two non-sister chromatids from homologous chromosomes. Each homologue can cross over multiple times
· Recombination is mutagenic but the switch is very precise (so usually no problems)

· Meiosis is a powerful generation of variation (CNV’s, new combination of alleles, etc.)

4. Role of cohesin and synaptonemal complex

· Cohesin hold sister chromatids together
· Synaptonemal complex holds the two homologues together during recombination

5. How homologues pair in order for all non-sister chromatids to participate in recombination

· Homologues pair front to back (not side by side) in order for all non-sister chromatids to be close enough to each other to participate in recombination
6. Mechanism by which recombination creates new combinations of alleles

· When a homologous pair crosses over, alleles switch between the two non-sister chromatids. When that happens, new combinations of alleles are created
7. Mechanism by which recombination creates copy number variation (CNV)

· Unequal crossing over creates CNVs
· If there’s a region of repetitive sequencing, the pairing can slip and become unequal after recombination. There can be more repeats on one chromosome and less on the other (this is a CNV from an error in recombination, not replication)

8. Randomness of alignment of homologous pairs at metaphase I

· Each non-homologous chromosome could go randomly to either cell
· Independent assortment happens in different cells. Alignment of one homologous pair is independent of others
· One of the powers of meiosis is the ability to put random alleles in each gamete

9. Relationship between distance separating genes and the likelihood of recombination between them

· The space between two genes can be narrow so the likelihood of them crossing over is rare. Genes that are close together on the chromosome have relatively little DNA between them that can be recombined
· The recombination frequency is relatively low between genes that are close linked and relatively high between distant genes

10. Way in which meiosis can be thought of as a kind of DNA "repair".  That is, how can you inherit mutations on both homologues of chromosome 6 but give a chromosome 6 with no mutations to your offspring?

· If you get one bad allele from you mom and another from your dad, you’re stuck. But you can recombine them and give your kids a perfectly fine homologue
· Chromosomes formed by recombination can have more good genes that their originals

11. Mechanism by which errors in MI or MII give rise to aneuploid products of meiosis

· Non-disjunction happens when homologues fail to separate in MI
· Too many chromosomes can separate into one cell and too few in another

· Being in mitotic arrest for 35 years (in women) is believed to cause a problem with the spindle. This causes more non-disjunction events

· Meiosis II would proceed normally after a non-disjunction but the gametes would be unbalanced (aneuploid)
· Non-disjunction is the name of the failure in meiosis I spindles to separate the chromosomes properly

· Misdivision results when chromatids fail to separate in meiosis II. Also results in aneuploid gametes

· Must be able to predict the outcome of these problems, must be able to look at an aneuploid gamete and predict where the problem went wrong
Lecture 11 lecture
1. Way in which inheritance of polygenic traits show that inheritance is not "blended"

· If inheritance is blended, why don’t really tall/really dark/really something people not disappear over many generations?
· People who are of average height or medium skin colour can have children who are really tall or really short or really dark or really light. Intermediate parents can have extreme children.
· If you mix red paint and blue paint, you get purple paint. You shouldn’t get red and blue paints back from mixing purple paints. But you do when it comes to inheritance

· This shows inheritance isn’t blended. Polygenic traits show continuous variation in a population
2. Characteristics of Mendel's work that set him apart as a genetic researcher

· Mendel used experiments and the scientific method to determine his results
· Careful experimentation with controlled crosses and quantitative analyses

· Mendel was revolutionary in his attempt to quantify his results

3. Components of Mendel's explanatory model

· Inheritance is particulate, not blending
· Variation in traits is due to different alleles (he called them factors)

· Alleles segregate randomly into gametes

· Organisms inherit two alleles for each trait

· Appearance of heterozygotes is determined by dominant alleles (the allele that determines the phenotype of the organism is the dominant one)

4. Distribution of progeny, given parental genotypes in monohybrid, dihybrid and sex-linked crosses 

· For a parent that’s heterozygous for a trait, it makes two different kinds of gametes, one with each different kind of allele, equally frequently
· A homozygous parent makes only one kind of gamete

· A cross link between two monohybrid organisms will result in a 3:1 ratio of a single trait

· A cross link between two dihybrid organism organisms will result in a 9:3:3:1 ratio of two different traits (like pea shape and colour)

· Sex chromosome combinations can produce recessive sex linked traits
· In Drosophila, the allele for white eyes is recessive to the allele for red eyes. If a homozygous red eyed female breeds with a white eyed male, all offspring will be red eyed

· If a white eyed homozygous female breeds with a red eyed male, the male offspring will be white eyed but all the female offspring will have red eyes and will be heterozygous for the red eyed/white eyed trait

· F1 and F2 generation progeny are different when the traits are sex linked

· The progeny for a sex linked trait depends highly on the parentage

5. Parental genotypes, given distribution of progeny in monohybrid, dihybrid and sex-linked crosses

· Opposite Punnet square, same ratios as above
6. Genetics of human ABO blood groups

· Three different alleles for blood type, Mendel’s traits only had two alleles
· A and B are codominant, O is recessive

· Each person can only have two out of the three alleles for blood groups

· 3 A to 2 AB to 3 B to 1 O

7. Location of various alleles on homologues

· Alleles for the same trait are located on the same homologous pair, in the same location on each homologue. Remember: homologues have the same genes, in the same places
8. Segregation of various alleles during meiosis

· Segregation of alleles during meiosis is by random assortment, provided they are on different chromosomes
· Each allele has the exact same likelihood of ending up in one gamete or the other

· The allele segregation is independent of any other allele segregation

9. Number of different gametes produced, given parental genotype

· In meiosis, the cells will arrange their chromosomes randomly. 50/50 to each pole
· Half the meiocytes will give two gametes, half will give two different gametes (if dihybrid), The organism as a whole produces four different gametes
Lecture 11 Independent Study Outcomes

1. Arrangement of genes and alleles on homologous chromosomes in a dihybrid organism

· Two alleles on a gene are present on the same gene locus in homologous pairs.

· The two alleles are present in the same place, just on different homologues

2.  How independent assortment creates 4 different  products of meiosis from a dihybrid parent

· Independent assortment creates variation in the segregation of chromosome

· If two homologous pairs in meiosis were paired, all homologues have equal likelihood of going to either pole. This independent segregation produces multiple gametes (specifically four) because each chromosomal pair can end up going to either pole

3. Application of the sum and product rule of probability

· The sum rule of probability states that when several different events give the same outcome, you can add their probabilities together to get the probability of the event as a whole

· Ex. When a couple is having non-identical twins, the likelihood of getting a boy and a girl are ½ because you can get four different results: girl/girl, girl/boy, boy/boy, boy/girl.

· The probability of any one of these events is ½ but you can get a boy and a girl in two ways, so you add the two probabilities and ¼ + ¼ = ½

· The product rule of probability states that when two or more events are independent, the probability that event 1 and event 2 will both occur is equal the probability of event 1 multiplied by the probability of event 2
· Ex. The sex of one child has no effect on the sex of the next so the probability of having three girls in a row is the product of their individual probabilities: ½ x ½ x ½ = 1/8
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Lecture 12:

Pigmentation

· Pigmentation is a result of melanin production, determined by the MC1R allele

· Melanin is produced by melanocytes, packed into melanosomes, and then exported into skin and hair follicle cells to provide colour

· Two kinds: black (high cyclic AMP levels) and reddish-yellow melanin (low cyclic AMP levels)

Eukaryotic Membrane Protein Production

· Alleles get transcribed and spliced

· Leave the nucleus and attract ribosomes

· Taken to the ER, packaged and sent to golgi apparatus

· Proteins are sent to the cell membrane where they form receptors

Dominant Alleles

· Each allele has a receptor found on the cell ( the receptors of dominant alleles are active all the time

· Recessive allele receptors may switch on and off

· The dominant allele determines the phenotype of the individual

· A certain allele cannot be dominant or recessive all the time ( dependent on other present alleles

Allele Frequencies in Populations

· Population: a group of sexually interbreeding or potentially interbreeding individuals

· Deme: a small, locally interbreeding group of individuals within a larger population ( reproductively isolated (may be partial or temporary) from other members of the same species. May differ morphologically from members of other demes 

· Gene pool: the sum of all alleles at all gene loci in all individuals in a population

· Genotypic Frequencies: the percentage of individuals with each genotype

· Allele Frequencies: the relative abundances of the different alleles

· In the absence of selection, the starting allele frequencies of a population influence future allele frequencies

· Dominant alleles do not necessarily have the highest fitness and will not increase in frequency simply because they are dominant

· To apply Punnet squares to populations, the product rule is still applicable but the allele frequencies are not 50/50 (can be anything)

· pq x pq ( [image: image2.emf]
· When a population contains more than 2 alleles, there are more possible genotypes

· Ex. 3 alleles ( 6 possible genotypes: 3 homozygous, 3 heterozygous

Incomplete dominance: occurs when one allele is not completely dominant to the other ( the presence of both can cause an intermediate phenotype (mixed)

Codominance occurs when alleles have equal effects in individuals, making the two alleles equally detectable in heterozygotes (both present)

Pleiotropy: a single gene affecting more than one character of an organism

Variation

· Phenotypic variation: differences in appearance or function

· Quantitative: individuals differ in small ways

· Qualitative: individuals exist in two or more states, usually without intermediate forms

· Polymorphism: the existence of variants of a character 

· Artificial selection: a population with quantitative traits that have a genetic basis can be selectively bred to change the average value of the trait

· 2 sources of genetic variation:

· Production of new alleles (mutation)

· Rearrangement of existing alleles (changes in chromosome structure, genetic recombination)

Hardy-Weinberg Equilibrium

· Specifies the conditions under which no evolution occurs (genetic equilibrium) in a population of diploid organisms
· Conditions:
1. No mutations are occurring

2. The population is closed to migration from other populations

3. The population is infinite in size

4. All genotypes in the population have equal fitness

5. Individuals in the population mate randomly with respect to genotypes

· If HWE is achieved, allele frequency does not change, genotype frequency stops changing after 1 generation
Lecture 13:

Allele Frequency

· Occurrence of a particular allele divided by total number of alleles (expressed as fraction), all allele frequencies must equal 1
· Can use allele frequency to predict genotype frequency
1. Determine allele frequency based on observed phenotypes/genotypes

2. Plug p and q values into the Hardy-Weinberg proportions: f(A1A1) = [image: image4.emf]
3. Compare observed genotype frequencies to expected genotype frequencies ( will be the same if the population is in HWE

· The strength of selection pressure is inversely proportional to allele frequency

Fitness

· Absolute fitness (W): fitness of a specific genotype, can be quantified by how many offspring it can produce per generation

· Relative fitness (w): fitness of a genotype in comparison to others ( lets us predict the frequency of an allele over time

· The fittest genotype has a relative fitness of 1

· The relative fitness of any other genotype is its absolute fitness divided by the absolute fitness of the fittest individual (0 [image: image6.emf]
· The strength of selection is proportional to the difference in relative fitness of different genotypes

· Stronger selection ( faster evolution

Selection Pressures

· Selection is the only force driving adaptive evolution

· Recessive alleles are sheltered from selection because they are hidden in heterozygotes

· Dominant allele can never reach a frequency of 1, but a recessive allele can

· Heterozygote advantage: a higher population of heterozygotes in a population due to equal selection pressure on both homozygotes

· Genetic variation is necessary in order to evolve ( provides the raw material of evolution

· Inbreeding depression: Inbred individuals are more likely to get two copies of a recessive allele (often harmful), which usually results in decreased fitness

· Stabilizing selection: highest fitness occurs in the middle of the phenotypic distribution ( increase in intermediate phenotype, reduced variation

· Individuals on the ends do not survive

· Most common form of selection

· Ex. babies

· Directional selection: highest fitness occurs in one end of the distribution, low survival in the other

· If it continues long enough, low fitness alleles will die out

· Reduces but does not eliminate genetic variation in a population ( changing environment (recessive alleles are maintained)

· Ex. Cheetahs ( under directional selection for speed

· Disruptive selection: highest fitness occurs in the extremes of the distribution

· Pushes the population between separate peaks

· Decreases genetic variation in a population

· Ex. Geospize Conirostris birds have varying beak sizes ( during drought periods there is no food for medium-sized beaks so the intermediate distribution gets smaller

Lecture 14:

Polygenic Traits: traits controlled by 2 or more genes ( results in a continuous distribution of phenotypes in the population

Adaptations: traits that increase the bearer’s relative fitness 

· Can only occur as a result of selection

Industrial Melanism – Peppered Moth

· The most common tree bark colour changed from light to dark, as did the most common moth colour

· It became advantageous to have darker colour, so it was favoured by natural selection and thus increased in frequency ( directional selection

· White moths did not go extinct, just decreased in frequency

Frequency Dependent Selection

· The fitness of a genotype/phenotype depends on its relative frequency in the population

· Negative Frequency-Dependence: fitness advantage to being rare

· Balancing selection ( both alleles are maintained in a stable balance in the population

· Ex. Predators form search images of profitable prey, and preferably hunt common forms

· Rare-male mating advantage ( less frequent phenotypes are considered to be more attractive

· Positive Frequency-Dependence: fitness advantage to having the most common phenotype

· More common allele replaces the other allele in the population

· Ex. Warning colouration ( predators learn which prey types to avoid

Perfect Adaptation

· Living things are not perfectly adapted to their environments because adaptation is always at least one generation behind environmental change

· The most perfect allele might not exist ( evolution is constrained by available variation

· Limited by dominance relationships ( when deleterious alleles are recessive, they may always be maintained in a population

· Alleles may enter or leave the population (genetic flow, genetic drift)

· Evolutionary trade-off: traits could be beneficial in one context but harmful in another

· Traits are often a compromise between competing demands

Genetic Drift

· Random, unpredictable changes in allele frequency due to sampling error ( may cause alleles to be lost completely

· Occurs whenever a population size is less than infinite, but strongest in small populations and populations getting smaller 

· Decreases variation within a population ( will cause one allele to go to fixation and reach a frequency of 1 (eliminating all other alleles for the given gene)

· Increases differences between populations

· In a small population, genetic drift is dominates, in a larger population, selection dominates

Mutation

· Not random, but not directed towards the needs of the organism

· The only source of new genetic variation ( provides raw material for evolution

· Mutations that affect fitness are often harmful ( most mutations have neutral or near-neutral effects on fitness

Gene Flow

· Like mutation, can introduce new alleles and often opposes selection

· Selection-migration balance: migration between individuals that are from different environments ( different adaptations

· Increases genetic variation

Relationships between Evolutionary Forces

·  4 forces: selection, mutation, genetic drift, gene flow ( all reasons that a population should not be in HWE

· Selection is the only adaptive evolutionary force

Non-Random Mating

· HWE is not a realistic assumption because a mating is very rarely completely random ( individuals do not randomly mate with the first individual they encounter

· Changes the genotype frequency of a population but the allele frequency remains constant ( does not result in evolution

· Inbreeding/inbreeding avoidance reflects the similarity of the genome with potential mates

· Inbreeding avoidance: species which avoid mating with relatives 

· Inbreeding: species which are more likely to mate with related than nonrelated individuals

· Assortative/disassortative mating occurs when mate choice is governed by one or a few traits

· Assortative mating: like mate with like

· Disassortative mating: opposites attract

Genetic Load: the loss in average fitness of individuals in a population because the population carries deleterious alleles or genotypes

Genetic Death: inability to reproduce ( actual death, sterility, inability to find a mate

Mimicry

· Batesian Mimicry: The similarity in appearance of a harmless species (the mimic) to a species that is harmful or distasteful to predators (the model), maintained because of selective advantage to the mimic An example of frequency-dependent selection

· More frequent mimic + less frequent model = mimic has a greater chance of being prey to predators

· Less frequent mimic + more frequent model = mimic has a greater chance of being protected

· Mullerian Mimicry: Sharing of a common warning collaboration or pattern among a number of species that are all dangerous or toxic to predators; resemblances maintained because of common selective advantage

· Distinctive patterns offer greater protection when found in higher densities

Polymorphism

· Definition: the presence of two or more genetic or phenotypic variants in a population

· Coarse-grained environments: different individuals in a population are exposed to different experiences, promote greater polymorphism

· Fine-grained environments: all individuals experience few environmental differences, promote lower polymorphism
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Scientific Theory: a coherent set of testable hypotheses that attempt to explain facts about the natural world

· Has to be both falsifiable and testable ( becomes a fact if it cannot be proven wrong

Theory of Evolution

1. Evolution happens ( change in allele frequencies between generations

2. Most evolution is gradual ( gradualism: evolution occurs by means of tiny changes which eventually accumulate to larger changes

3. Speciation happens ( speciation events: a single lineage that splits into two or more lineages that become reproductively isolated from one another

4. All life is related through common ancestry ( if speciation has occurred between organisms, they must be descended from the same lineage and have an MRCA

5. Much of evolutionary change is caused by selection ( natural selection

6. Evolution occurs in populations, not individuals ( acts on pre-existing variation in populations, not individuals striving to improve their own phenotype

Descent with Modification

· Species change, everything on Earth is related to one another from a common ancestor through common descent

· Evidence for descent: homologies, intermediates within the fossil record
· Evidence for modification: earth is old, vestigial traits, fossil evidence that species change, fossil evidence that lineages split, direct observation of evolution
Homology

· Similarity between groups/species that is not explainable by shared function and reflects shared ancestry
· Structural Homology: all vertebrates have the same forelimb array of bones arranged in similar manner, but they are used very differently (arms, wings, flippers, etc.)
· Embryonic Homology: fetus may show vestigial traits
· Molecular Homology: similarities in genetic code, inherited from a common ancestor
Vestigial Traits

· Useless body parts observed today that must have functioned in ancestral organisms ( proposed by Buffon

· Often somewhat smaller and more atrophied compared to the original structure
· Example: dandelions have yellow colouring (attractive to potential mates) and sexual reproductive systems even though they only reproduce asexually ( descended from a sexually reproducing ancestor

Fossil Record and Transitional Forms
· Transitional forms are intermediates between evolving species ( evidence of relatedness, as well as descent from a common ancestor

· The fossil record provides direct evidence of change ( can see transitional and ancestral forms

· We have only found fossil species for 1% of the species that ever existed

· Some species do not fossilize due to lack of hard body parts (jellyfish), sediments do not accumulate in some areas, and rocks erode over time, making the distribution of fossils a poor indication of actual species existence

· Relative fossil age: comparing age of fossils based on their position within the fossil layer (oldest at bottom, most recent at top)

· Absolute/actual fossil age: radiometric dating uses the rate of isotopic decay of carbon isotopes to determine the age of fossils

Other Evolutionary Theories (not Darwin)

· Cuvier’s theory of catastrophism: the fossil layer is the remains of organisms which died in a catastrophe (ex. flood), another species recolonized the area, and the next level in the fossil was created when a catastrophe struck once again

· Lamarck’s theory of evolution had two main principles: 

· Use and Disuse: body parts grow in proportion to how much they are used, and unused structures shrink

· Inheritance of Acquired Characteristics: changes that an animal acquires during its lifetime are inherited by its offspring

· Hutton’s theory of gradualism: the Earth changes slowly, over time

· Charles Lyell’s theory of uniformitarianism: the geological processes that sculpted the Earth over time still occur today ( the Earth is still changing
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Pseudocopulation: individuals of the same gender pretend to mate following a period of courtship

Parthenogenesis: method of asexual reproduction, virgin birth with offspring that are genetically identical to the mother

Recombination

· Resultant of genetic combination due to new combinations of alleles

· Offspring are genetically distinct from parents and usually each other (identical twins are genetically identical)

· Results in a variety of offspring genotypes/phenotypes

Asexual Reproduction

· Bacteria and archaea reproduce asexually using binary fission ( 1 mother cell = 2 genetically identical daughter cells

· Bacteria can also have sex without reproduction: can create branch structures to exchange genetic information, but completely separate from reproduction

· Plants can send runners under the ground to give rise to new clones (vegetative propagation)

· Interesting case: the Amazon Molly reproduces asexually but only when in close contact with sperm of a related species (the sperm never fertilizes or contributes to the zygote) ( vestigial trait

Sexual Function

· Dioecious: two-household, male and female function are housed in separate individuals

· Monoecious: one-household, male and female function are housed in the same individual

· Simultaneously Monoecious: male and female at the same time (hermaphroditic)

· Sequentially Monoecious: changes sex within lifetime (one gender at a time)

Size-Advantage Model

· Generally, larger individuals have higher fitness

· In some species, there is more to gain as a large female than a large male 

· M ( F protandry, begin life as a male (small) and become female at maturity (large)

· Larger females can lay more eggs, sperm are cheaper to produce so males are not as affected by small size

· In other species, males have more to gain by large size (ex. When competing for mates)


Distribution of Sexual Reproduction

· First life forms reproduced asexually, as do most organisms (unicellular) today

· Most animals reproduce sexually, at least some of the time

· Sexual reproduction is a derived state, asexual reproduction is an ancestral state

Costs of Sexual Reproduction

· Cost of mating: time/energy consuming, may become more vulnerable to predation during mating rituals, may experience broken heart, may require the use of finances/resources

· Cost of meiosis: only passing on half of genes ( insufficient way of getting genes to the next generation vs. asexual reproduction (clones)

· Cost of males: evolutionary dead end in terms of growing the population and producing the maximum number of offspring

· Females who reproduce asexually can produce many more offspring (daughters) and therefore outcompete females who reproduce sexually (daughters and sons)


Muller’s Ratchet

· Asexual linkages continue to accumulate deleterious mutations over time

· No way to get rid of mutations (no recombination) ( species then goes extinct

· Sexual reproduction breaks Muller’s Ratchet: recombination occurs, so offspring can have higher fitness than parents

Ruby in the Rubbish

· Sexual reproduction results in offspring being produced with more or less mutations

· Rolling the dice: some offspring will acquire more mutations (rubbish, die early), while others will have good or fewer mutations (rubies, higher fitness than parents)

Helpful Mutations

· Not all mutations are deleterious ( a small minority are advantageous

· Sexual reproduction can speed up the rate that beneficial mutations occur in the same individual

· Beneficial mutations increase fitness, higher likelihood they will occur with sexual vs. asexual reproduction ( can inherit them from either parent (two sources of genetic information)

Sex and Extinction Risk

· Asexually reproducing species do not last very long ( go extinct very quickly as a result of accumulated mutations

· Sexual reproduction reduces the rate of extinction ( sexually reproducing populations outlast asexually reproducing populations

· Exception: The Rotifer is an obligately asexually reproducing animal which has existed for a large amount of evolutionary time ( have high rates of horizontal gene transfer, which maintains genetic diversity and evolvability

Persistence of Sex

· Hurts personal fitness to look for a mate, but benefits the population in the long term
· Predominant explanation: species would go extinct without sexual reproduction
· Altruism: by reproducing sexually, individuals absorb costs for the good of the species
· Fundamentally unstable idea ( the cost of sons is so great that if one mutant, asexually reproducing individual were to enter a sexually reproducing population, it would easily outcompete the sexual organisms
· Not a sufficient explanation to explain the persistence of sex, because selection almost never favours species-level gain over individual gain
Lottery Ticket Hypothesis

· In a changing environment, sex benefits individuals

· It makes sense to reproduce asexually in a stable environment ( do not need to adapt

· It makes sense to reproduce sexually in an unstable environment ( recombination results in a greater likelihood that offspring will be adapted to the environment

Red Queen Hypothesis

· Sex is favoured when the environment is continuously evolving

· It benefits the individual to rapidly produce offspring of varying genotypes

· Higher selection pressure results in higher instances of sexual reproduction ( likely that at least one offspring will be better adapted to the environment than parents

Advantages of Sexual Reproduction

· Long term: removes harmful mutations, combines helpful mutations

· Short term: increases likelihood of offspring survival in a changing environment, reduced extinction risk

Genetic Variation

· Sexual reproduction provides genetic variation:

· Recombination (crossing over): produces different combinations of genes along a chromosome

· Theory of why it occurs: sex originated as a way of overcoming DNA damage by using recombinational DNA repair mechanisms

· Any genetic variation that resulted was by chance, however the production of genetic variation is still the primary reason for the persistence of sex

· Sex removes deleterious mutations

· In organisms which can perform both, more mutations occur in asexual reproduction than in sexual reproduction

· Sexual crossing in a population allows individuals to incorporate different beneficial mutations from other members through mating and genetic recombination

· “arms race” ( parasites evolve rapidly to counter resistance in hosts, hosts evolve rapidly to counter infection of the parasites

Sex Determination

· Reproduction only occurs as a result of union between gametes of different individuals to form a zygote

· For many organisms, sex determination is associated with chromosomal differences between the sexes

· The Y chromosome is mostly inactive, other than in sex determination and male fertility genes

· It is much smaller and contains fewer genes than the X chromosome

· Genes on the Y chromosome are more prone to mutation, deletion, and insertion than any other gene 

· The human Y chromosome is undergoing degeneration ( regarded close to extinction

Fertilized vs. Unfertilized Eggs

· Male honeybees develop from unfertilized eggs ( haploid

· Females develop from fertilized eggs ( diploid

· Haplodiploidy ( facilitates the evolution of society in which only one female becomes a queen and lays eggs

· The queen bee releases a hormone which makes all the worker bees infertile, so only she can lay eggs

Genetic Sex Determination

· For many organisms, sex determination is associated with chromosomal differences between the two sexes, typically XX females and XY males

· The Y chromosome is smaller and mostly inactive, other than male determination and male-fertility genes

· Subject to higher levels of mutation, deletion, and insertion than any other gene in any mammalian genome

· Genes not associated with sex determination can be found on the sex chromosomes, with an example being hemophilia ( located on the X chromosome but recessive, so mostly affects males

· Any alleles located on the X chromosome are the dominant alleles in males because of the inactivity of the Y chromosome

· Very rare in females because it is recessive ( must have it on both X chromosomes

· In some organisms, the sex of an individual is determined by the ratio of X chromosomes to autosomes (non-sex-chromosomes) ( females 1X:1A, males 0.5X:1A

Environmental Sex Determination: the sex of XX or XY individuals can reverse due to temperature or hormonal influences

· Can also be influenced by other environmental factors, ex. Amount of available food

Hermaphroditism: having both male and female gametes (simultaneously monoecious)

· 90% of seed plants are hermaphroditic
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Intrasexual vs. Intersexual Selection

· Intrasexual: competition between members of the same gender (usually males)

· Males use large body size/weapons to intimidate, injure, and kill rival males

· Pushes phenotypes to the extreme

· Intersexual: selection based on male-female interactions

· Causes males to produce otherwise useless structures in order to attract females (because they’ve worked in the past)

· Males compete indirectly with one another (based on attractiveness to females)

· Male fitness is limited by the number of mates, female fitness is limited by the number of offspring produced

· Males look for quantity, females look for quality

· Males are more strongly affected by sexual selection than are females (unattractive male = 0 fitness)

· Benefits of mating (what do females look for):

· Direct benefits ( food, shelter, protection

· Indirect benefits ( heritable genetic benefits

Parental Investment

· Anisogamy = unequal gamete size

· Eggs require more energy to produce, there are a limited number, and they are larger than sperm

· It is a higher parental investment to contribute an egg (costly) versus sperm (cheap)

· Females generally contribute higher parental investment per offspring, which is why they are a limited resources for males (males compete for females, not usually the other way around)

· Males have higher potential fitness because they can produce more offspring

· Males and females have approximately the same average fitness

· In long-term mating partnerships, both males and females are picky because they contribute approximately the same amount of parental investment 

· Both sexes prefer a physically attractive partner ( bilateral symmetry

· In short-term mating partnerships, females invest more heavily than males (eggs are more costly) and will therefore be more picky about their partner than males

· Attractiveness: bilateral symmetry is important because it implies high developmental stability ( a symmetrical person has developed ideally, with fewer parasites, disease, mutations, etc.

· Areas of the world that have been affected by parasites and disease in the past place a higher emphasis on symmetry as a measure of attractiveness

Mating Pairs

· Monogamy: male and female form a pair bond for a mating season/whole lives (dependent on species)

· Prevails when young require a great deal of care ( males can bring food to the mother to feed the offspring

· Polygamy: a male/female has an active pair bond with multiple females/males

· Polygyny: polygamous male, sperm donor

· May be territorial ( protects a space rather than a child

· Attractive to females even if other females already live on the territory

· Polyandry: polygamous female, contributes nothing but eggs

· Less common than polygyny because females make a larger investment in raising young

· Promiscuity: males and females have no pair bonds beyond the time it takes to mate 

· Males make no contribution to raising young

· Leks: congregations of displaying males, where females come only to mate

Sexual Dimorphism

· One gender is larger/more colourful than the other

· Often males put on some sort of show to attract females ( with ornaments, weapons, size, as an indicator of fitness

· Handicap hypothesis: females select males with ornate structures, as they prove a disadvantage

· The fact that they are still living despite the ornate structure is a display of health/success (as it may interfere with locomotion/attract predators)
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Attractiveness

· Human females look for direct (material) benefits in mate choice ( kindness to children, athletic ability, resource holding potential

· Human males look for indications of high reproductive fitness ( childbearing age, cues of fertility (full lips, large eyes, high cheekbones), low waist-to-hip ratio

· Males feel that being cheated on sexually is worse, females feel that being cheated on emotionally is worse

· Males are scared of losing the opportunity to reproduce

· Females are scared of losing male parental investment

Social Interaction

· Cooperation ( recipient benefits, actor benefits

· Altruism ( recipient benefits, actor is harmed

· Selfishness ( recipient is harmed, actor benefits

· Spite ( recipient is harmed, actor is harmed

Altruism

· Self-sacrificial behaviour in which the actor assumes a detrimental effect to personal fitness in order to help another individual

· Parental investment is not considered to be true altruism because the parent receives a payoff, in the form of their alleles being passed on ( it is instead considered to be cooperation

· True altruism has no benefit to the actor ( altruistic groups are unstable, easily invaded by a selfish individual

· Direct fitness benefit ( personal reproduction

· Indirect fitness benefit ( reproduction of relatives

· Inclusive fitness = direct + indirect fitness

· Kin selection: causes individuals to be more likely to help close relatives because they share some of the same alleles

· Extent of altruistic behaviour exhibited is directly proportional to the percentage of alleles they share

· According to Hamilton’s Rule (rb [image: image8.emf], self-sacrificial actions are only performed if the results outweigh the cost

· r ( degree of relationship

· b ( benefit received by relatives

· c ( cost to donor’s direct fitness

· Sibling helpers ( If there is a higher likelihood of sibling survival to carry alleles to the next generation vs. raising offspring, an individual may help raise their siblings

· Competitive Altruism: individuals compete with one another in order to become more cooperative

· Longer-lived species are more likely to develop cooperative behaviour than short-lived ones

Prisoners’ Dilemma

· Each player can cooperate with or defect on their partner, the payoff for defecting is always better than the payoff for cooperating

· Defection is the rational choice, but the payoff for mutual cooperation is better than the payoff for mutual defection

· Cooperation will usually only occur if there are repeated interactions between individuals

· Reciprocal Altruism: individuals are likely to help nonrelatives if they will likely return the favour in the future ( each member of the partnership can potentially benefit

· Occurs most often in small groups between known individuals (rarely between strangers)

· Human emotions have evolved as a way of ‘keeping score’ ( you can recognize and remember individuals you met in the past, and remember your relationship with them (friend or foe)

Inclusive Fitness and Parental Investment

· Parents and offspring often have conflicting interests with one another 

· The longer a parent provides care to an individual offspring, the benefits to both the parent and offspring diminish ( lost opportunity to produce other offspring

· Both parent and offspring have benefits and costs:

· When benefits are smaller than costs, the parents should stop providing care to offspring (b [image: image10.emf]
· The offspring is twice as related to itself than its siblings ( attempts to receive care until the benefits exceed twice the cost (b [image: image12.emf]
· Parent-offspring conflict when c [image: image14.emf]
Relatedness

· Relatedness is calculated by finding the product of the probabilities through each genetic link

· The sum of these products is the total relatedness

· Example

· Through mother: (0.5)(0.5)=0.25

· Through father: (0.5)(0.5)=0.25

· Total: 0.25+0.25=0.5

· Average percentage of alleles shared by relatives:

· 0.25 ( half siblings

· 0.5 ( full siblings

· 0.25 ( nephew/niece with aunt/uncle

· 0.125 ( first cousins

Eusocial Behaviour

· Numerous related individuals (female sterile workers) live and work together in a colony for the reproductive benefit of a single queen and her mate

· Ex. Bees ( workers maintain the hive

· In eusocial insects, sex is determined through haploploidy

· Female bees are diploid, males are haploid (hatch from unfertilized eggs)

· Males have only one copy of chromosomes so all the sperm carried by a drone will be genetically identical

· Workers have at least a 50% degree of paternal relatedness and 25% maternal relatedness, with an average of 75%

· This high degree of relatedness is most likely the cause of the high cooperation level between eusocial insects
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Fetal Parent-Offspring Conflict

· In humans, the fetus requires more care than the mother is able to provide ( genetic interests are not completely overlapping

· Evolutionary tug-of-war occurs within the mother’s body

· The fetus secretes hormones that allow it to control the mother’s blood sugar and pressure ( takes over the body of the mother

· If the mother wins the tug-of-war, the baby will die

· Conflicts of interest endanger both parties

· Even though the parent and the fetus are highly related, they do not have the exact same interests/priorities 

Tragedy of the Commons

· Social conflict over a shared resource ( farmers share common land, each farmer wants the most cows, but only a limited number can be supported by the available resources

· Shared costs but not shared benefits ( rationally it makes sense for each farmer to want the most cows

· When a resource is shared between individuals, they have an asymmetry/incomplete overlap in genetic interests

Morphological Species Concept

· Identifies individuals as species based on their phenotype ( members of the same species look more morphologically/phenotypically similar to one another than individuals of other species

· Comparative Anatomy: the comparison of anatomical structures in the adults of different species ( homologous structures = shared common ancestor

· Comparative Embryology: the study of comparative relationships among anatomical structures in the embryos of different species ( organisms of common descent retain early ancestral forms within developmental stages

· Conflicts:

· Variation within a species would classify individuals as separate species

· Sexual dimorphism cannot be explained ( males can look extremely different from females and that would therefore be considered as separate species

Biological Species Concept

· A species is an interbreeding or potentially interbreeding group of individuals, reproductively isolated from other groups ( must produce viable offspring

· If they are not reproductively isolated they cannot be considered a separate species, no matter how phenotypically variant

· Limitations: 

· Cannot determine whether or not geographically separated organisms can interbreed

· As it cannot be determined whether or not they can interbreed, fossil species are defined as morphological species

· Asexual reproduction ( according to this concept, every asexually reproducing organism would be classified as a separate species

· Sibling Species: species so morphologically similar to one another that they are different to distinguish, but are reproductively isolated

Evolutionary Species Concept: an evolutionary species is a lineage evolving separately from others with its own evolutionary role and tendencies

· The only species concept which considers changes resulting from competition and interaction among species (ongoing evolution)

· Conflicts: 

· Members of a species are identified by their similarity, but their relationships derive from a shared history, which rarely results in all individuals in a species being identical

· Hard to tell when complete separation is achieved

Phylogenetic Species Concept: a species is a monophyletic (descended from a common ancestor) group, composed of the smallest number of organisms within which there is a parental pattern of ancestry/descent

· Identifies smaller genetically distinct groups as separate species, has helped with endangered species (Ex. Algonquin wolves) 

· Most precise species concept

Pre-zygotic Isolating Mechanisms

· Cannot produce a zygote

· Temporal isolation: differing mating seasons

· Habitat isolation: different preferences, live in different areas

· Behavioural isolation: different courtship rituals, attractive behaviours

· Mechanical isolation: physical differences, cannot reproduce

Post-zygotic Isolating Mechanisms

· Zygote is produced but is not viable

· Hybrid inviability: zygote dies

· Hybrid sterility: zygote is sterile

Allopatric (Geographic) Speciation

· A barrier divides a population into two

· Geographic isolation temporarily stops gene flow between populations ( they diverge (evolve differently)

· Speciation has occurred when the separated populations can no longer interbreed with one another if secondary contact (become reunited) occurs

· Peripatric speciation: larger source population, smaller group splits off, populations diverge

· Parapatric speciation: some gene flow (limited) occurs between populations ( less likely to result in full blown speciation/reproductive isolation

· Reinforcement: the formation of reproductive barriers to prevent interbreeding between two populations that attained secondary contact
· A hybrid swarm is created when populations resume interbreeding after secondary contact occurs

· Polytypic Species: a species with two or more subspecies that normally do not breed because they are geographically separated ( when they do interbreed, they create a hybridization zone
Sympatric Speciation

· New species result from a single ancestral species within the same geographic area
· Usually occurs with the appearance of new (or unoccupied) niches ( part of the population fills the niche, part does not, eventual speciation occurs 
· Also common in plants ( polyploidy (instant sympatric speciation)
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Phylogenies

· Phylogeny: the evolutionary history of a group of organisms
· Modern-day species are represented as tips of the phylogenetic tree
· Common ancestors are represented by branching points (nodes)

· When reading, look from the root (past) to the tip (present)

· Phylogenetic trees are put into approximate order ( just because nodes are lined up does not mean that the splits occurred simultaneously

· Count nodes between species to determine relatedness ( fewer nodes = more recent common ancestor (more related)

Homology vs. Homoplasy

· Homology: a similarity between groups of multiple organisms that arose due to relatively recent common ancestry

· Homoplasy: misleading similarity 

· Organisms can be morphologically similar but do not share recent common ancestry (usually occurs in shared environments) ( convergent evolution

· Or share recent common ancestry but are not morphologically similar (due to different selection pressures) ( divergent evolution

· Organisms living under the same conditions tend to develop the same body forms
· Can be a result of parallel (closely related organisms) or convergent (distantly related organisms) evolution
Cladistics

· Organisms are grouped together based on whether or not they have shared traits that come from the group's common ancestor and are not present in more distant ancestors
· Synapomorphy: shared by two or more groups, derived (from a common ancestor)
· Symplesiomorphy: shared by two or more groups, ancestral (present before divergence)
· Autapomorphy: unique to a single group, derived within that group
Outgroup Analysis

· Used to determine (approximate) the traits of a common ancestor of a group

· Process: find an outgroup ( a fairly close relative that is known to have branched off earlier than any of the groups of interest

· If the outgroup has the ancestral form of a trait, it is closest to the ancestor

· If the outgroup has the modern from of a trait, it is farthest from the ancestor

Goals of Systematics

1. To reconstruct the phylogeny/evolutionary history of a group of organisms

2. Taxonomy: the identification and naming of species and their placement in a classification (group that reflects relatedness)

Linnaean System of Classification

· Species ( genus ( family ( order ( class ( phylum ( kingdom ( domain

· Possible domains: Bacteria, Archaea, Eukarya
· A taxa/taxon refers to the organisms included within any category of the taxonomic hierarchy (at a certain level) 
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Outgroups

· The outgroup reflects ancestral traits: branched off from the ingroup before they started branching out from one another

· The outgroup is distantly related to the ingroup ( members of the ingroup are more closely related to one another than they are to they outgroup

Synapomorphies

· To determine whether or not a particular trait is a synapomorphy, think: has is changed since the MRCA of the group?
· Present in ingroup & outgroup: ancestral 

· Present in outgroup & some of ingroup: ancestral, loss of trait probably occurred in parts on ingroup

· Absent in outgroup, present in some of ingroup: derived, not present in common ancestor ( synapomorphy 

· Present in outgroup, not present in ingroup: can’t tell ( either derived or lost before speciation event

· Absent in outgroup, present in all of ingroup: can’t tell ( same reasoning, probably derived

Similarity does not Always Imply Relatedness

· Not all similarities are homologies and not all homologies are synapomorphies

· According to cladistics, shared derived traits are the only important similarities in phylogenies ( pay attention to synapomorphies

Parsimony

· The simplest explanation is usually the best ( the correct tree is usually that with the least steps

· Like Occam’s Razor

· To identify synapomorphies in a phylogenetic tree:

1. Identify which traits are synapomorphies ( if they are not present in the outgroup but are present between more than one individual in the ingroup

2. Count the number of evolutionary steps in each possible tree ( choose the most parsimonious (fewest)

Monophyletic Groupings

· Monophyletic: related by a single common ancestor 

· Monophyletic groupings include all descents of the MRCA of the group

· Only monophyletic groupings are used in cladistics

· Many traditionally recognized groups are not monophyletic ( prokaryotes, fish, etc.

Biodiversity

· Ecology: interactions between organisms and their environment: includes abiotic and biotic components ( affects rate of speciation and extinction

· Constant turnover and replacement of species ( most of the species that have ever existed are now extinct

· Biodiversity varies over time, reflecting the balance between speciation and extinction

Adaptive Radiation

· Definition: rapid formation of evolutionary species (a few million years) ( fast speciation

· Ecological opportunity: competitive release after colonizing a new environment, competitive release after a mass extinction

· Occurs when there is available ecological opportunity (empty niches) ( Ex. Galapagos islands, after the extinction events

· Results in diversification

· Ex. Angiosperms use animals as pollinators ( different animals, reproductive isolation occurs

· Adapt to attract specific pollinators ( high rates of speciation

Dinosaurs

· K-T Extinction Event: Mass extinction due to the collision of the Earth and an asteroid at the end of the Cretaceous period, 65 million years ago ( wiped out dinosaurs, large marine reptiles, and various invertebrates

· Extinction event caused by a combination of stressful environments, high volcanic activity, and collision with an asteroid

Severity of K-T Extinction

· After the K-T Extinction event, more than half of all species of reptiles became extinct, and many groups did not recover their genetic diversity

· Was not the largest extinction event

Orthogenesis

· The concept that evolution proceeds in a particular direction because of internal factors ( species “grow old and die out”

· Explains the appearance of bizarre and nonadaptive features ( no reason for them to exist, must be driven by something

Post-Extinction Diversification

· Many niches were vacated (ecological opportunity), resulting in the origination of new ecosystems and evolution of surviving species

· Birds evolved from reptiles ( developed flight membranes and feathers, lost tail and teeth

· K-T extinctions caused the separation of Pangaea and the movement of tectonic plates ( caused dispersal and isolation of major mammalian groups

· Ex. Land bridge between N and S America (5.3 mya)

· Other factors: uplifting of mountain systems, submersions and regressions of shallow seas, and delineation of shorelines

· Coevolution: change of a biological object (genes, developmental processes, organs, species) in response to a related biological object ( evolution influenced by related evolution

· Coextinction: when two or more species, lineages, or groups become extinct at the same time

Evidence of Collision Theory

· The Collision Theory: late Cretaceous extinctions occurred as a result of the collision of an asteroid with Earth

· Iridium was found in large quantities in Cretaceous-Tertiary boundary strata, along with glasslike spherules and fractured quartz ( strongly indicated collision with an extraterrestrial body

Lecture 22:

Relationships Between Species

· Mutualistic: both parties benefit, better off due to their interaction

· Ex. Pollination, domestication (pets, livestock)

· Competitive: both parties may suffer ( both require a mutual, limited, resource

· Both suffer because even though one may outcompete the other (not equally affected), they must still waste energy on the competition

· Ex. Plants compete for sunlight, water

· Ex. Animals compete for prey

· Antagonistic: one party may benefit at the expense of the other (natural enemies)

· Ex. Predator-prey relationships, parasites

Evolutionary Arms Race

· Two species interact and one wants the upper hand of the other ( develops an adaptation which places selection pressure on the competing species to develop a counter-adaptation

· Species A adapts to improve its ability to interact with species B ( creates selection pressure on species B to counter- adapt ( turns pressure back to species A to counter-counter-adapt, and so on

· The arms race results in species getting better and better equipment for survivorship (increased fitness) ( but does not mean improved success

· If competing parties are both evolving continuously, neither will be at an advantage

· Ex. Predators evolve to better catch prey, prey evolves to better evade predators

· One side of the arms race may have an advantage: rapid generation time, able to support larger population, stronger selection ( all result in faster evolution

Red Queen Equilibrium

· Explanation: if your opponents evolve as fast as they can, you must evolve as fast as you can to stay in the arms race

· Equilibrium is reached once costs outweigh benefits and an individual must drop out of the race

· Ex. Trees cannot keep growing infinitely taller to capture the most sun (requires too much energy) ( eventually they must stop evolving

Life-Dinner Principle

· One species in the arms race may have more to gain/lose than the other ( unequal stakes

· Ex. Predator-prey relationship: if the prey loses it dies (life), if the predator loses it misses a meal (dinner)

· Selection is stronger on the prey

Other Arms Races

· Between mutualists: both have their own priorities first ( adapt to benefit themselves in the mutualistic relationship

· Ex. Pollinator and plant relationship ( plant wants pollen spread, pollinator wants food, both adapt to better suit their own goals

· Within a species: interaction between sexes

· Ex. In sexual selection, males improve their extravagant traits and become more attractive ( females resultantly raise their standards

Prudent-Parasite and Trade-off Hypotheses

· Prudent Parasite Hypothesis: If a parasite kills its host before it can colonize another host, it risks its own fitness

· It is better to have a living, mobile host ( optimal virulence (seriousness) of a parasite is low, in order to keep host mobile

· Selection favours more benign parasites

· High virulence suggests recent host/parasite interaction (the parasite hasn’t had time to become benign)

· Trade-off Hypothesis: The optimal virulence of a parasite depends on the ecology of the host/parasite ( varies depending on circumstances

· High replication benefits: can spread disease more quickly, decreases time spent with each host (host dies faster)

· High replication drawbacks: might not have time to replace the host before it dies (parasite dies without living host)

Modes of Transmission

· Direct contact (person to person, person to food): pathogens must keep the host healthy, so they can spread to other individuals ( low optimal virulence

· Indirect contact (vector or water borne): do not rely on mobile host, can spread even if host is bedridden ( high optimal virulence

Disease Management

· Reducing modes of indirect transmission will force parasites to rely on direct transmission ( evolving to benigness (by selecting for lower virulence)

· Ex. Condom use

Examples of Virulence of Parasites

· HIV-2 has a lower transmissibility than HIV-1

· Predict that HIV-2 is less harmful relative to HIV-1, with a lower optimal virulence

· Nematode parasite is transmitted from parent to offspring

· Predict that the parasite will have very low virulence, as it needs to keep a host alive and able to reproduce

1. Factors influencing why some pathogens (disease-causing organisms) evolve towards greater virulence (harmfulness)
2. How reducing a pathogen's opportunity for water-borne and vector-borne transmission is predicted to affect its virulence
3. Predicted relationship between virulence and antibiotic resistance

Virulence

· If they rely on the host’s mobility ( milder organisms are favoured (lower virulence)

· Direct contact: person-to-person and person-to-food contact, the person (host) must be mobile for the bacteria to spread

· If they do not rely on the host’s mobility ( organisms that are more likely to cause damage, exploit hosts

· Indirect contact: with contact through water, the host could be completely immobile and still spread the bacteria (bodily fluids) ( more harmful (higher virulence)

· If we block indirect transmission, we can make organisms evolve to benigness ( no choice but to transmit via direct contact, which requires lower virulence (selection favours milder organisms)

· Virulence and antibiotic resistance coevolve ( cyclic process

· Higher virulence results in more sick people, using a higher number of antibiotics ( increases antibiotic resistance

· Decreased virulence results in fewer sick people, using a lower number of antibiotics ( decreases antibiotic resistance (due to removed selection pressure)

Lecture 23:

Infectious vs. Autoimmune Disorders

· In our current environment, infectious disorders are a largely reduced threat compared to the past

· Autoimmune disorders are on the rise, despite the fact that medical care has improved

· Immunes system turns on itself, attacking itself or provoking an elevated response

· Lower GDP (wealth) countries have higher incidences of infectious disorders, while higher GDP countries have higher incidences of autoimmune disorders

Diseases of Civilization

· Definition: disorders that arise due to a mismatch between our current environment and our ancestral environment

· We are not currently living in the environment to which we are best suited (ancestral environment)

· Infectious diseases are no longer an issue ( we now deal with metabolic disorders and other conditions that never would have arisen in our ancestral environment

· Ex. Myopia ( our modern visual environment, containing many close-focus objects, has caused higher incidences of myopia

· Myopia would have drastically damages fitness in our ancestral environment (no glasses), but now has no effect on fitness ( no selection against myopia

· Alleles that cause an increased risk of myopia would not have resulted in myopia in the ancestral environment

Hygiene Hypothesis

· Our current environment is cleaner than the environment to which we are adapted

· Our immune systems are highly active to deal with parasites that are no longer present in the modern world

· Immune systems have nothing to do, so they turn on themselves

· In humans, exposure to various bacteria during development results in a reduced likelihood of allergies ( work for the immune system

· Ex. Pets, siblings, playing outdoors

Evolutionary History of Traits

· All human traits have been developed with the constraints of natural selection (can only work with available variation) ( not necessarily the best adapted

· Human eye ( has blind spot, allows for detached retinas

· Appendix ( functionless, cannot get rid of it because selecting for a smaller appendix would result in inflammation (selection favours a large appendix)

Trade-offs and Competing Demands

· Selection may maintain a harmful trait because it is beneficial in another aspect

· Ex. Allele that causes sickle cell anemia also provides malaria protection (in heterozygotes)

· Antagonistic Pleiotropy: If an allele is beneficial or neutral in early life, it will be maintained, regardless of the effects later in life

· Ex. High levels of sex hormones, storing fat quickly

· Occurs because everybody is born young, but not everybody lives to old age ( causes a higher benefit than harm

· Harm in later life (after reproduction) is not enough of a disadvantage to outweigh the selective advantage in early life (before reproduction) ( selection acts on lifetime reproductive success

· Cancer primarily affects older individuals, as selection doesn’t favour mutations that reduce cancer risk if they interfere with reproduction

· Senescence: biological aging

Lecture 24:

Human Evolution

· Darwin: believed that we are still evolving (selection)

· Evolutionists: not evolving, not morphological changes in humans in the past 40 000 years

Reasons for the Slowing of Evolution

· Weaker natural selection due to medical advances (in developed countries)

· No longer have a struggle for existence, even individuals with debilitating medical conditions can survive and reproduce

· Weaker sexual selection due to increased monogamy

· Sexual selection still exists: attraction causes variation

· Sperm donation increases the possibility that some individuals contribute disproportionately to the next generation

· Fewer mutations due to decreased reproduction by old men

· Males acquire mutations over their lifetimes ( an older male has significantly more mutation than a younger male

· Average paternal age of reproduction is decreasing, resulting in fewer mutations in the next generation

· Decreasing randomness

· Populations are much larger and less isolated than in the past

· Assortative mating is now easier than ever (online dating)

Evidence of Recent Human Evolution

· Selective sweep: beneficial mutations (SNPs) rise quickly to high frequency, decreasing the frequency of surrounding alleles

· Sweeps are detected (by analyzing SNP sequence variation) to measure the speed of evolution

· Evidence of evolution can be found by looking at correlations between health-related traits and reproductive success

· High reproductive success causes the trait to become favoured and increase allele frequency

Cost of Large Brains

· Brain size has tripled in the last million years or so ( evidence of evolution

· Require huge amounts of energy (makes up 2% of mass, uses 20% of energy)

· Cause childbirth difficulties ( many mothers used to die in childbirth (along with the babies), with new technology (C-section) this is not the case

· Survival of babies with larger heads will cause an eventual change in head size (unless a comparable number of small-headed babies also live)

· Larger brain size causes a survivorship interference ( for it to continue to evolve towards larger size, there must be a larger payoff than interference

Utility Hypothesis

· Ancestors needed large brains to help survivorship ( language, tool use, planning 

Mating Mind Hypothesis

· Sexual selection promotes the evolution of wastefully extravagant traits ( large brains aid in mating success (word play, humour, art)

· No sexual dimorphism because both sexes are under sexual selection and competition for mates ( assessing the intelligence of a potential mate requires that you yourself are intelligent

Lab 3:

Protein Electrophoresis:

· Separates molecules based on size and charge

· Used cellulose gels because it does not denature proteins (enzymes remain active)

· Allozyme: variant forms of an enzyme coded by different alleles at the same locus

· For allozymes F and S:

· F represents fast migrating proteins ( FF homozygote would stain one line at top of gel

· S represents slow migrating proteins ( SS homozygote would stain one line at bottom of gel

· FS heterozygote would stain three lines in the gel ( one at top, one in middle, one at bottom

Genetic Variability

· Genotype frequency is calculated by dividing the number of individuals with a specific genotype by the total number of individuals ( the sum of all genotype frequencies must equal 1

· Expected heterozygosity (H): genotype frequency of the heterozygote

· Frequencies of slow (q) and fast (p) alleles: number of slow/fast divided by total number of alleles ( remember, there are 2 alleles per genotype!

· Chi-square test: [image: image16.emf]
· If [image: image18.emf] critical value, accept null hypothesis 

· In this lab, if the null hypothesis was accepted, HWE was observed (as there was little difference between observed and expected values)

Lab 4:

Deviation

· Mean deviation: average

· Standard deviation: [image: image20.emf], explained below

[image: image22.emf]& t-Test

· Used when there are multiple values/trials

· Steps:

1. Find the average of the values from the trials (for each group): [image: image24.emf]
· Should have one [image: image26.emf] value for each group being tested

2. Calculate [image: image28.emf] for each group using: [image: image30.emf]
· x represents one trial, [image: image32.emf] represents the average of the trials for that group

· Should have one [image: image34.emf] value for each group

3. Calculate t using: [image: image36.emf]
· If [image: image38.emf]critical value, accept null hypothesis

Bacterial Plates

· Aseptic techniques are used to avoid contamination

· Transferred 0.1mL of soil suspension to agar plate, spread with a sterilized spreader (passed through flame)

· Sealed plates with parafilm

Lab 5:

Diversity Index

· The following calculation is used to calculate diversity index: 

[image: image39.emf]
· [image: image41.emf] is the number of individuals of a particular species divided by the total number of individuals

· [image: image43.emf] is the diversity index ( the higher the D value, the more hospitable a habitat is thought to be

· CFUs are colony forming units of bacteria, and must be calculated as follows:

1. Multiply volume of soil plated (mL) by the dilution of the solution (g/mL) to get the amount of soil plated (g)

2. Divide the number of CFUs by the amount of soil plated to get the number of CFU/g of soil

· If it is too hard to count: % of bacteria on plate = # of colonies 

· Ex. 60% of plate = 60 colonies

Hypotheses to Test Online

· DNA comparisons ( easier to do online but can be done manually (like we did in the lab)

· Protein comparisons ( proteins are smaller, only have functional units (no junk), 20 possible amino acids sequences (vs. 4 base pairs in DNA) so a more accurate comparison can be made

Online Resources

· Clustal W ( generates a phylogenetic tree

· Entrez ( finds sequences of interest

Tutorials
· Basic structure of scientific articles: title, abstract, introduction, methods, results, discussion, acknowledgements

· Primary literature: 

· Discusses an experiment conducted by the author

· Has a methods section

· Secondary literature:

· Discusses experiments conducted by others

· No methods section

· Different authors are referred to in the results

· Wolves:

· In Ontario, the three wolf species, Gray Wolf (Canis lupus), Eastern Wolf (Canis lycaon) and Western Coyotes (Canis latrans) are found in various hybridized forms
· The Eastern Wolf is an intermediate species between Gray Wolf and Coyote
· Selection is influenced by prey availability, wolf size is proportional to prey size
· Eastern Wolves are a species of ‘special concern,’ ( efforts are being made to both protect their habitat and the connected habitats
· Conservation effort: protect the surrounding habitats, in order to maximize standing variation for gene flow into the population
· Speciation: Speciation events/relatedness relationships
· Genetics: Relatedness in terms of DNA/protein sequences
· Adaptation: Distribution, selection pressures, habitat
· Ecology: Lifestyle ( general behaviours
