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Introduction: Science and Biology 
· Biology is the scientific study of the diversity of life.
· How species are interrelated; both unity and diversity; finding common themes among all living things.
· Living organisms share several basic properties. [pg.3]
· Order (cellular organization)- tissues, organ systems, etc.
· Energy processing/metabolism- chemical reactions cause growth, repair, etc
· Regulation/homeostasis- internal environment diversity 
· Reproduction
· Growth and development (inheritance and genetic control) 
· Response to the environment
· Evolutionary adaptation
· Levels of Biological Organization [pg.4-5]
· The Biosphere  ecosystems  communities  populations  organisms  organs and organ systems  tissues  cells  organelles  molecules 
· Organized into a hierarchy 
· Each high level contains novel properties not present at the simpler level of organization
Addressing the complexity of biological systems 
· Reductionism: the approach of study where you reduce complex systems to simpler components
· Start at the basics; easier to study. IE. Rabbits with different characteristics, study heredity and DNA
· Systems Biology: the approach that focuses on while biological systems; studies interactions among the system’s parts; a change in one variable can affect many components of the whole system; ultimate aim: to answer large-scale questions. 
Main Themes
· Organisms interact with one another and with the physical environment
· Life requires energy transfer and transformation
· Structure and function are correlated at all levels of biological organization (form = function)
· Cell is the organisms basic unit of structure and function 
· Prokaryotic cell has no distinct nucleus; Eukaryotic cell does, and also has organelles; both cells are highly structured compartment with a cellular membrane, chemical reactions occur and the environment is separate. 
· Cell Theory: proposed that all organisms are made of cells and cells come from preexisting cells. Implication: because all cells come from preexisting cells, single celled organisms in a population are related to a single common ancestor and all cells in a multicellular organism also descend from a single ancestral cell. 
· The continuity of life is based on heritable information
· Feedback mechanisms regulate biological systems
· Positive and negative feedback loops
Evolution
· Theory of Evolution- characteristics of species change through time.
· Evolution occurs when individuals with certain heritable traits produce more offspring than individuals lacking these traits. 
· Evolution explains the unity and diversity of life. 
Classification
· Provide unique names for organisms
· Help reconstruct evolutionary pathways
· Enable interpretation of origins and history
· Predictive power
· Developed hierarchy by Carolus Linnaeus
· Kingdom, phylum, class, order, family, genus species
· We use specific names for species so that they can be studied internationally.
· Binomial Nomenclature- unique two part scientific name consisting of the genus and the species 
· Apis millifera (person who named the species)
Biological Classification and Evolutionary Relationship
· Taxonomy: branch of biology that deals with classifying and naming organisms 
· Classifications have changed over time
· Two Kingdoms: Plantae and Animalia 
· Five Kingdom: Monera, Protista, Fundi, Plantae, and Animalia 
· Six Kingdoms: Bacteria, Archaea, Protista, Fungi, Plantae, Animalia 
· Three Domain System: Bacteria, Archaea, Eukarya
· How do we classify organisms?
· Comparative anatomy
· Developmental stages
· Chromosome structure 
· Molecular traits (amino acid and sequencing, DNA sequencing) 
· Behavioural traits
· Developing evolutionary organisms
· Can be confounded by loss of traits and convergence
· DNA provides a means of testing evolutionary hypothesis 
· Unity in diversity-cillia in paramecium and human windpipe cells
Theory of Evolution by Natural Selection 
· Species are related by descend from a common ancestor
· Related, but change overtime
· Natural selection explains his this occurs 
Science
· Is one way of acquiring and knowing knowledge
· Seeks natural causes for natural phenomenon 
· Test ideas about how the natural world works by evaluating predictions made by hypothesis; carefully designed experiments  
· Observation  hypothesis  prediction  experimentation/testing  conclusion 
· Hypothesis: hunch or educated guess in which researcher integrates all knowledge. IE. Flashlight doesn’t work. 
Experimentation 
· Experiments: are contrived situations
· Variables: factors that can change in value under different conditions
· Independent variable: manipulated variable (by the scientist)
· Dependent variable: measured or response variable 
· Controlled experiment: designed to compare the experimental group with a control group
· Control: a subject is who is not exposed to the experimental treatment- differences can be attributed to the experimental treatment; basis for comparison 
· Replication: repeat experiments because organisms show variation
· Sample size: bigger the better 
· Inductive Reasoning: derive a generalization from many specific observations
· Deductive Reasoning: going from the general to the more specific; takes the form of “if” and “then” logic
· Hypothesis tests” fails test- rejected, passes- supported; null hypothesis expresses no different; not proven, support. 
· Scientific method: observations/ideas/hypothesis that are testable by experiments that others can repeat; measurements that others can verify 
· Science is limited to organisms and processes that can be observed and measured 
Food Competition Hypothesis
· Giraffes evolved long necks by natural selection because those with long necks reach food unavailable to others
· Prediction: giraffes feed high in trees
· Nope- why? Sexual competition, fighting, etc. We shouldn’t dismiss the hypothesis because drought and variation in plants. 
· Control groups are critical important; repetition of experiments are essential  
Study of Evolution
· Initiated scientific study of evolution 
· Approach to evolution based on hypothesis 
· Earth is very old
· All organisms are descendants of a single common ancestor 
· Species multiply by splitting into daughter species
· Evolution proceeds via gradual changes in populations
· The major agent of evolutionary change is natural selection 
· Theory- something we are very certain about
· Theory (General public)- theory is a hunch, guess, and lack of knowledge. 
Theory and Certainty
· Powerful, broad explanations of natural phenomena as a result of extensive and reproducible observations 
· Rests on many hypothesis 
· Is comprehensive and only becomes widely accepted only if supported by extensive accumulation of evident
· Broad application; has validated and continues to be. 

LECTURE 2
Water and Macromolecules
Properties of Water
· Life on earth began in water; evolved in water for 3 billion years.
· All life remains tied to water; water is important for chemical reactions; Cells are 70-95%
· Oxygen more negative, Hydrogen is positive; hydrogen bonds to other water molecules; bonding has implications in supporting life. 
· IE. Tree; cohesion and adhesion.
· Cohesion: water molecules are linked so it can move up together through tree roots.
· Adhesion: water molecules bind to the wall, so it holds onto the tree. 
· Do work- no engine, or outside factors. 
· Surface Tension: a measure of how difficult it is to break the surface of water. 
· IE. Water spiders and striders are light enough to walk on water. 
· Moderation of temperature by water.
· IE. Coastal cities are more moderate because of the cooling effects of water OR Lake Ontario and Lake effect in Toronto. 
· Water has high specific heat- due to H- bonds; water absorbs heat, and gives off heat when it’s dark or cold. 
· Temperature of water does not rise or drop dramatically.
· Organisms on water don’t experience temperature differences as dramatically as those on land.
· Evaporative cooling: Water molecules moving around very fast are the hottest, and cause a cooling.
· IE. Pour water on yourself and it evaporates, you become cooler. Works best in dry environments rather than humid ones. 
· Floating on Ice
· Molecules cannot move around; spacing is farther apart than in liquid water and causes ice to float on water. 
· IE. Ice floating allows bodies to water to not freeze completely, just creates ice cover. Living organisms can survive underneath ice cover. Furthermore, some organisms need ice flows to survive like polar bears or seals. 
· The Solvent of Life: great solvent, not just salt but can also break up proteins. 
Large Molecules 
· All living organism contain large molecules: carbohydrates, proteins, nucleic acids, and lipids. IE. Bacteria, sharks, birds, humans all use these 4. 


Carbohydrates: 
· Molecules of carbon, oxygen and hydrogen. These include: sugars, starch and fiber
· Monosaccharaides: consist of one subunit IE. Glucose, Fructose. 
· Disaccharides: consist of two subunits. IE. Sucrose
· Dehydration Reaction: removal of water creating connection between two monosaccharaides 
· Polysaccharides: consist of long chains of sugars. IE. Starch (storage of energy in plants), Glycogen (storage of energy in animals), Cellulose (structure in plants, found in cell walls)- structure but also nutrients and other various functions. 
· Complex carbohydrates take much longer to break down and contain more nutrients. 
· Fiber- cellulose (most abundant on earth); derived from plant material, not considered a nutrient because it passes waste material through us and we cannot break down cellulose; grazers can because of gastro-bacteria within them. 
· Chitin: polysaccharide used in insects
· Glycoproteins are key molecules in cell-cell recognition and cell-cell signaling. 
· Building blocks in the synthesis of other molecules, nutrients, and structural function and cell identity. 
Proteins
· Made up of amino acids. Amino acids have a central carbon atom that bond to h2n (amino group), COOH (carboxyl), H and R. 
· Dehydration reaction to bond. 
· Each protein has a unique structure that is specific for its function. IE. Fibrin (made by liver), Silk and Keratin (hair); structure = function. 
· Primary Structure of a Protein: unique linear sequence of amino acids that mean something. IE. Letters in a long word; correct order produces protein. 
· Secondary Structure of a Protein: results from hydrogen bonding between the carboxyl oxygen of one amino acid and the amino hydrogen of another. EI. Either alpha helix or beta pleated sheet. 
· Tertiary and Quaternary Structure: diverse structure and complexity. IE. Spider webs are generally pleated sheets. Quaternary are folded chains together, creating structure that is specific for its function. 
· Sickle Cell Disease: One amino acid changes can cause significant structural and functional changes; different folding of hemoglobin causes crystallization leading to the sickling of the cell. IE. Example of form = function 
· Protein Denaturation: unfolding of proteins. IE. Cooking an egg; body temperature is concerning because increase can cause enzyme denaturation and cannot function properly leading to reactions not occurring in the body. 
· Prion Hypothesis: infectious proteins are improperly folded forms of normal proteins that do not differ in amino acid sequence, but differ in shape and cause further improper folding. IE.  Mad Cow disease, scrapie in sheep, chronic wasting disease in elk and kuru in humans. 
· Misfolding: of polypeptides results in serious medical problems; disease such as cystic fibrosis, Parkinson’s and Alzheimer’s disease are associated with the accumulation of misfolding proteins. 
· Functions: they do a lot
· Movement, hormone regulation, storage, enzymes and chemical reactions, transport, structure, receptor (communication between nerve cells), defense (antibodies), etc. 
Nucleic Acids
· Polymers of nucleotides that are each composed of a phosphate group, a sugar and a nitrogenou base
· Provide direction for building proteins
· Sugars ribose (RNA) and deoyxribose (DNA)
· Nitrogenous bases: purines (Adenine and Guanine) and pyrimidine (Cytosine, Thymine, and Uracil) 
·  The two DNA strands are held together bt weak hydrogen bonds between complementary base pairs
· A and T
· C and G
· In RNA uracil replaces thymine 
· Gene Expression: is the use of information in DNA to direct the production of proteins; occurs in two stages; Genotype produces a phenotype (physical traits we see), that are the product of the proteins produced (eg., different coat color)
· Converts the order of the nucleotides of a gene into the order of amino acids in a protein; mRNAs are the “blueprint” copies of nuclear genes; mRNAs are “read” in three-base sequences termed codons each three-base codon, codes for an amino acid or start/stop signal (see genetic code or codon table for mRNA)
· All organisms use the genetic code, suggesting it arose early in evolution and passed on to all living organisms. 
· Mutations: the sequence of the DNA can be altered
· Point mutations: can have 3 effects (a single base change) IE. Sickle cell Anemia- loses function in hemoglobin. 
· Missense mutation: base substation or replacement changes one amino acid for another
· Nonsense mutation: change in base produces a stop codon (translation is terminated prematurely and protein is shortened)(protein is truncated) 
· Silent mutation: change in base does not change the amino acid (as a result of redundancy of code)
· Frame Shift mutation: insertion or deletion alters the reading frame of the genetic message. 
Evolution
· Evolution: change in genetic structure of organisms over time
· Mutations: ultimate source of new genes. Source of variation upon which selection can work. 
· Evolutionary Connection: All living organisms contain large molecules

LECTURE 3
Lipids
· Carbon-containing compounds that are largely non-polar and hydrophobic 
· Fats: large molecules assembled from smaller molecules (dehydration) 
· Saturated fat: maximum number of hydrogen atoms; carbon-carbon single bonds; linear shape of fatty acids allows them to stack easily; form creates solidity at room temperature 
· Unsaturated fat: less than the maximum number of hydrogen atoms; double bonded carbon creating bends for space; bent shape causes liquid at room temperature. Fats have double the energy of proteins and carbohydrates. 
· Functions: important source of nutrients, long-term energy storage (glycogen storage for 2 days), insulation. IE. Bears require lots of fats for hibernation; whales need fat for insulation because o cold water. 
· Best oil is fish oil because polyunsaturated. 
· Is coconut oil saturated and unsaturated oil? Depends. 
· Hydrogenated Fat: converts unsaturated C=C double bonds into C-C single bonds; adds hydrogen atoms to unsaturated fats, eliminating double bonds and making them into partially or completely saturated fats; complete hydrogenation concerts unsaturated or partially saturated fat into completely saturated hard fat; use to change the taste of food from oily to less oily, and also helps for preservation; a by-product of hydrogenation is also the creation of trans fats- some of the cis double bonds are converted to trans double bonds (associated with atherosclerosis), hard for our body to break down because evolutionary we did not have trans-fats to break down
· Trans-fats occur naturally; when rumen bacteria in the stomachs of ruminant animals (cows, sheep) digest grass, the result is the formation of trans-rumenic and trans-vaccenic acid; conjugated linoleic acid, or CLA is trans-rumenic acid commonly found in grass-fed animals and dairy products; natural trans fats form animal products are not known to be associated with increased heart disease
· Fatty Acids: Essential- cannot be synthesized at all or in amounts not sufficient to meet the organism growth and development needs (get from food); Nonessential- available in the diet or readily synthesized in amounts sufficient to meet the organism’s physiological needs. 
· Omega-3 and Omega-6 Polyunsaturated Fatty Acids: constitute fundamental and functional components of cell membranes; affect fluidity and flexibility of membranes; affect permeability and activity of membrane-bound enzymes influence production of hormones/signal molecules that are key messengers affecting blood pressure, clotting; inflammation, immune function
· Omega-3 EFA- Importance: DHA (docosahexaenoic acid) and EPA (Eicosapentaenoic acid) critically important for human health.
· DHA predominates in cell membrane of our brains and eyes (important roles in vision and nervous system function)
· Critical for brain development. 
· Omega-3 comes from plant foods (flax seeds oils), aquatic plants (algae, seaweed) and aquatic animals (fish, shellfish) (better from animal oils than from plant)(anti-inflammatory) 
· Omega-6 comes from grains, seeds, vegetables, and meats from domestic animals (pro-inflammatory) 
· You have to have the correct ratio of both.
· Steroids: family of lipids distinguished by a four-ring structure (one important steroid in mammals is cholesterol) Cholesterol is the molecule from which other steroids (sex hormones) are synthesized
· Phospholipids: main constituents of cell membranes; two tails; fatty acid chain length; degree of saturation or unsaturation in fatty acids. 
· Lipid bilayers form when two sheets of phospholipid molecules align. 
· Hydrophilic heads- outside; hydrophobic tails- inside. 
· Cholesterol: critical for life, last to break down in starvation. 
· Does the type of lipid in the cell membrane affect its permeability? Yes. Saturated layers prevent passage. Figure 7.6 
· Lipid bilayer with no unsaturated fatty acids = low permeability; Lipid bilayer with many unsaturated fatty acids = high permeability. 
· The permeability of a structure is its tendency to allow a given substance to pass across it; phospholipids bilayers have selection permeability. 
· Cell and Cell Membranes- sandwich model; different now, we have peripheral membrane, and integral membrane proteins. 
· Proteins can be amphipathic; The polar and charged amino acids are hydrophilic; the nonpolar amino acids are hydrophobic; bilayers are dynamic; amphipathic proteins can integrate into lipid bilayers/. 
· Fluid-Mosaic Model: membrane is fluid dynamic mosaic of phospholipids and proteins. 
· Membrane channels are highly selective and regulated IE. Channels for water and ions. 
· Lipids: Physical integrity of membrane, barrier proteins/ion channels, movement of materials
· Carbohydrates: attached to lipids or proteins- recognition
· Water pores: passage of water. 
· Cholesterol in Membranes
· Synthesized in liver and absorbed from foods. 
· Cholesterol is not associated with cardiovascular disease; trans-fats are; level 
Evolutionary Milestones
· All living organisms contain large molecules
· All organisms consist of cells and cells are surrounded by cell membranes
· First cells Prokaryotic cells gave rise to eukaryotic cells; developed into multicellular organism whose cells become modified for specific functions. 
	
LECTURE 4
Cell Division and Mitosis 
Prokaryotes 
· Bacteria and Archaea: no membrane-enclosed nucleus, no mitosis. 
· Mitosis is a nuclear division (nucleus)
Cell Division
· Unicellular organisms cell division: reproduction
· Multicellular organisms cell division: growth, maintenance of tissues, cell reproduction. 
· In bacteria, DNA is a single circular chromosome, located in the nucleoid region. 
· Cell elongates, splits into two genetically identical daughter cells
· Division by binary fission
· Reproduction may stop under diverse nutritional conditions. IE. E.coli doubles at about 37 degrees; improve nutritional state and increase division rate. 
Eukaryotes
· Important roles in life; identical genetic material is passed on to offspring; results in genetically identical daughter cells. 
· Eukaryotic cells contain genetic material in the nucleus fo cells
· Chromosomes are gene carrying structures consisting of a long molecule of DNA and associated proteins (histones) 
· Each eukaryotic chromosome consists of a long, linear DNA molecule, which carries 100s to 1000s of genes; proteins maintain structure of chromosome; chromatin = DNA + proteins. 
· 2 sister chromatids; each contain an identical DNA molecule; attached along their length by cohesions (protein complexes); centromere-location where chromatid is attached to sister (sister chromatids appear at metaphase, this is taken as a picture for karyotypes)
· Replicated chromosomes consist of two sister chromatids- these are held together at the centromere; homologous chromosomes- same length, same centromere, one from one parent and one from another; sister chromatids are the X shaped. 
· Alternate forms of genes: alleles; chromosomes are not the same because they don’t have the same allele (variation of genes) 
· Chromosomes were observed in 1800s
· Number of chromosomes varies
· Humans: 2n = 46
· Chimps 2n = 48
· 2n = 72 
· Chromosomes exist in somatic cells as pairs called homologous chromosomes. 
· Human Karyotype: 23 pairs of homologous chromosomes can be organized by size and position of centromere; what can you see from a karyotype? Sex, any abnormalities, etc. 
· The chromosomal fingerprint, or karyotype, of a normal human cell (left), includes 46 paired chromosomes. The distinctive karyotype of an aneuploid breast cancer cell (right) includes duplicates of entire chromosomes, missing chromosomes, chromosome stubs (Peter Duesberg/UC Berkeley)
Terminology
· Chromosomes carry genes
· Gene: is a section of DNA that encodes information building polypeptides/proteins
· Chromosomes: of the same type are called homologous chromosomes  (homologs)
· Homologous chromosomes: carry the same genes in the same locations, but each one may contain different alleles
· Allele: is a different version of a specific gene. 
· Haploid: cells contain just one of each type of chromosome (23) 
· Diploid: cells contain two versions of each type of chromosome (46)
· Polyploid: cells with three or more versions of each type of chromosome. 
Nuclear Division
· Mitosis: occurs in somatic (non-reproductive cells)
· Meiosis: occurs in germ (reproductive cells) 
The Cell Cycle- Mitosis
· G1, S, G2 = Interphase
· M = Mitosis 
· C = Cytokinesis 
· Mitosis is the basis of asexual reproduction and is involved only in the production of somatic body cells
· It is responsible for three key events in multicellular eukaryotes: 1) growth, 2) wound repair, 3) cellular reproduction. 
· Mitosis: growth, maintenance, repair, identical genetic information, forms basis of sexual reproduction. 
Asexual Reproduction
· Creation of offspring by a single parent
· Offspring are genetically identical to the parent. 
· Evolution*- Mitosis is a mechanism for constancy: the parent nucleus produces two daughter nuclei that are identical to the parent and to each other. 
Cell Cycle Control Mechanisms
· Purpose: to prevent the division of cells that are damaged- if checkpoint fails, affected cells can grow out of control; uncontrolled cell division is cancer. 
· G1 (size, correct number of chromosomes), G2 (, and M checkpoint. 
· Regulatory Molecules
· Protein Kinases: enzymes that activate other proteins by phosphorylating them; provide the go-ahead signals at the g1 and g2 checkpoints
· Cyclin: regulatory protein whose concentration fluctuates in a cell; to be active must attach to a cyclin called Cdk (cyclin depdendent kinases); activity of Cdk increases or decreases with concentration of cyclinc; MPF is the Cdk complex
· MPF: is Cdk complex (cyclin + Cdk); maturation promoting factor in cytoplasm of M-phase cells; thought of as M phase promoting factor because it triggers the cell past the G2 checkpoint into the M phase; required for chromosome condensation and spindle formation during prophase; promotes fragmentation of nuclear envelope during prometaphase of mitosis; leads to the destruction of its own cyclin during anaphase; Cdk stays inactive in the cell until it associates with a new cyclin molecule and becomes MPF (figure 12.7 in book) 
· MPF is important for chromosomes to condense, makes sure the nuclear envelope breaks apart. 
· Platelet-derived growth factor (PDGF) is needed for the division of fibroblasts; fibroblasts have PDGF receptors on their plasma membranes; binding of PDGF molecules to receptors allows cells to pass g1 checkpoint and divide; when any injury occurs platelets release PDGF and fibroblasts divide and help heal wounds. 
· Stopping Cell Division: 
· Density dependent inhibition: phenomenon where crowded cells stop dividing (no open space means no cell division)
·  Anchorage dependence: to divide cells must be attached to a substratum (Eg to an extracellular matrix of a tissue)
· Cancer cells: show neither density-dependent inhibition nor anchorage dependence; IE malignant breast tumor- radiation for localized tumors, chemotherapy for metastatic (spreading) tumors  

LECTURE 5
Meiosis- Why Sexual Reproduction? 
Asexual reproduction 
· Is observed in some multi-cellular organisms; creation of offspring by a single parent; offspring are genetically identical to the parent. 
· Individual reproducing asexually gives rise to a clone; clones are genetically identical IE. Hydra (budding), starfish (regeneration), plants (parthenogenesis) 
· Advantages to Asexual Reproduction: one parent, no mating, energy efficient, decrease in risk, all individuals convert resources to offspring; asexual reproduction is best for unchanging, specific environments (mitosis is a mechanisms for constancy)
Meiosis 
· Two haploid gametes- one from one parent and one from another- unite in fertilization to form a genetically unique diploid zygote; meiosis is a reduction division. 
· Proximate (how; how does mitosis occur?) and ultimate (why; why does mitosis occur?) explanations 
· Sexual reproduction involves the alternation of meiosis and fertilization
· DNA replication = S interphase 
· Variety of sexual life cycles in different organisms.
· Meiosis I = early prophase, late prophase, metaphase, anaphase and telophase. 
· Result of meiosis I: one chromosome of each homologous pair is distributed to a different daughter cell resulting in two haploid cells. 
· Meiosis is a mechanism for diversity; the parent nucleolus produces four haploid daughter nuclei, each different from the parent and from its sisters. (Reduction division) 
· Genetic Variation: independent assortment and crossing over (recombinant chromosomes) 
· Unique features: synapsis (pairing of homologous chromosomes), reduction division, 
Meiotic Errors
· Nondisjunction leads to aneuploidy: one set of homologous chromosomes does not separate; gametes have abnormal number of chromosomes (extra or one too few); chances increases with age
· Failure of homologous chromosomes to separate
· Aneuploid zygotes: those with too few or too many chromosomes (typically do not survive to produce viable offspring; trisomy- one too many (n+1), monosomy- one less (n-1) 
· Nondisjunction of the X chromosome: tripe X, female (turner syndrome XO), male (klinefelter syndrome XXY), OY nonviable. 
Costs Associated with Sexual Reproduction
· 2 parents, higher energy requirement, higher risk, less time feeding. 
· Genetic variation- crossing over, independent assortment, random fertilization
· Humans have 223 = 8,388,608 kinds of gametes 
· The zygote is formed by the union of two independently produced gametes, therefore the possible combinations in an offspring = 8,388,608 x 8,388,608 = more than 70 trillion
· Importance of generating diversity: genetic diversity is the new raw material that fuels evolution- no genetic process generates diversity more quickly than sexual reproduction. 
Case Study: Bdelloid Rotifer
· Found in streams, lakes, puddles, lichens, tree bark, decaying, vegetation
· Reproduce only asexually so how do they increase their genetic diversity?
· Obtain DNA from other rotifers while in a state of suspended animation (increase genetic diversity by horizontal transfer) 
Advantages of Meiosis
· Adaptation that creates genetic diversity among offspring and within a species
· Sexual populations may have higher fitness than asexual populations
· Adaptations to changing environmental conditions. 

LECTURE 6

Introduction to Genetics
· Mendel’s questions: What are the basic patterns in the transmission of traits from parents to offspring?
· Hyp1: blending inheritance
· Hyp2: inheritance of acquired characteristics. 
· Concept of “blending of inherited traits”; once trait is blended, can’t get the original types back. IE. Large rabbit, small rabbit = medium sized rabbit; no longer able to get small or large rabbit. 
· Gregor Mendel: heredity- the transmission of traits from parents to offspring.
· Why offspring resemble their parents and how transmission of traits occurs; studied heredity in a scientific way; particulate hypothesis of inheritance.
Important Terms
· Self-Pollination: pollen from stamen fertilizes egg in carpel of same flower
· Cross-Pollination: fertilization of one plant by pollen from another place. 
· Character: heritable feature that varies among individuals 
· Trait: a variant for a character 
· Gene: hereditary determinant for a trait 
· Allele: different version of a gene 
· Genotype: the alleles found in an individual 
· Phenotype: physical appearance that expresses the genotype 
· Homozygous: an organism with a pair of identical alleles for a character 
· Heterozygous: an organism with 2 different alleles for a character
Mendel’s Experiments
· True-breeding: individuals that produce offspring like themselves over many generations of self-pollination. IE. Red roses. 
· Hybridization: created by mating two-true breeding varieties. 
· P: parental generation (true-breeding parents); F1: first generation; F2: second generation. 
· True breeding white x true breeding red  hybrid. 
· Figure 14.3 
· Mendel’s law of segregation Figure 14.5 pg. 285
· Genotypic Ratio Figure 14.6 pg. 286
· Does the type of gamete affect the inheritance of seed shape? No difference in where the gamete was from (alleles on mother and father) genetic traits. 
· The F1 generation showed only on of the two parental traits: dominated (expressed trait) recessive trait (not expressed)
· In genetics, the terms dominant and recessive identify only which phenotype is observed in individuals carrying two different genetic traits. 
Mendel’s Principle of Segregation 
· 3:1 ration in F2 generation; 2 alleles of ech gene must segregate into different gamete cells during gamete (egg and sperm) formation, and then come back together when an egg is fertilized by a sperm to form a zygote. 
· Particulate Inheritance- heritable factors (genes) retain their individuality from one generation to the next; contradicts blending inheritance and inheritance of acquired characteristics
· We know that alleles are distributed to gametes during meiosis. 
Mendel’s Model Summary
· Peas have two version of each gene-different versions of genes are called allelles (phenol + genotype) 
· Alleles don’t blend together.
· Each gamete contains one allele of each gene. 
· Males and females contribute equally to the genotype of their offspring (homo or heterozygous) 
· Some alleles are dominant to other alleles. 
· Testcross: used to determine an individuals actual genetic composition. (Known individual must be homozygous recessive, you are able to figure out what the other organism is- heterozygous and homozygous dominant PP or Pp)
Dihybrid Cross
· A cross between pure lines for two traits. 
· YYRR or yyrr etc
Chromosome Theory of Inheritance
· Genes are located on chromosomes; links meiosis with patterns of inheritance. 
· Meiosis explains Mendel’s principle of segregation and independent assortment. 
· Principle of segregation: each gamete caries only one allele for seed shape, because the alleles have segregated during meiosis. 
· Principle of independent assortment: the genes fro seed shape and seed colour assort independently because they are located on different chromosomes. 
More Complex Patterns of Inheritance
Incomplete Dominance
· The heterozygotes have an intermediate phenotype since alleles of a gene are not always clearly dominant or recessive.
· Example: colour of snapdragons and four’o’clocks 
· Red flower + white flower = pink flower. 
· Explanation: R allele: has functional enzyme for producing red pigment; r allele: has a non-functional enzyme for pigment production therefore cannot synthesize red pigment. Result is pink flower in Rr. 
Codominance
· Produces a heterozygote phenotype that is a combination of that of the two homozygotes; expression of both colours, both black hairs and white hairs; both alleles are expressed equally.  
· Example: roan colour in horses. 
Frequency of Dominant Alleles
· Dominant alleles are not always the more common alleles in a population. 
· Polydactyly: born with extra fingers or toes, low frequency of polydactyly means that recessive allele for 5 digits is more prevalent than dominant allele. 
Multiple Alleles
· ABO blood group; have a carbohydrate attached to them; A carbo or B carbo, O have none, AB has both carbo expressed. 
Pleiotropic Effects
· Single gene influences many traits (can have multiple phenotypic effects)
· Example: cystic fibrosis; chloride transport deficiency in genes and can have many different effects. 
Epistasis
· One gene affects the action of another gene
· E- determines if colour pigment will be deposited in fur; B gene determines how dark pigment, b = brown, B = black. 
· Figure 14.12 pg. 293
· Interaction between two genes where on modifies the phenotypic expression of the other
Polygenic Inheritance
· Characters in a population vary in graduations along a continuum; referred to as quantitative characters
· Polygeneic: produced by actions of many genes
· Quantitative characters usually indicate polygenetic inheritance; an additive effect of 2 or more genes. 
· Each gene adds a small amount of the value of the phenotype
· Example: Skin Pigmentation: continuous variation; AaBbCc
· Environmental influences/exposure to sun? 
The Environment and the Phenotype
· Norm of reaction. 
· Example: red or blue hydrangeas (acid rich soil) 
· Environmental Effects:
· Expression of some genes is influenced by environmental factors: temperature
· Some alleles are heat-sensitive; arctic foxes make fur pigment only when the weather is warm.  
Summary
· Traits determined by polygenes may give patterns of inheritance resembling concept of blending traits
· Environmental variables include temperature, nutrition, light affect gene action. 
· Multifactorial characters: many factors, genetic and environmental, collectively influence phenotype. 
Patterns of Inheritance
· Applying Mendel’s rules to humans; mutations cause genetic disorders; the inheritance od disorders is studied by looking at pedigrees (family trees) 
· Figure 14.15
· Autosomal Recessive: sickle cell 
· Tay-Sachs Disease: Recessive Trait- affected individuals cannot break down the specific lipids; lipids accumulate in brain cells; children die by youth (degeneration of the nervous system) 
· Autosomal Dominant- does not work like autosomal recessive, no one is a carrier, as soon as you have that allele, you have the diseases because it is dominant; Example Huntington’s Disease (fatal) 
· Example: Achondroplasia 
Genetic Testing
· Tests for identifying carriers for autosomal recessive diseases: sickle cell
Newborn Screening
· Phenylketonuria (PKU) (Autosomal recessive
· Individuals lack the enzyme phenylalanine hydroxylase, tht converts phenylalanine to tyrosine
· Phenylalanine and phenypyruvic acid accumulate in the body and interfere with the development of the nervous system, causing seizures and mental retardation
· Changing the environmental factor but consuming a diet low in phenylalanine, usually results in normal development. 

LECTURE 7
Chromosomal Basis of Inheritance and Genetic Variation
Chromosome Theory of Inheritance
· Mendelian genes have specific loci (positions) along chromosomes and it is the chromosomes that undergo segregation and independent assortment. 
· Figure 15.2
Morgan’s Experimental Evidence
· Fruit Fly: drosophila melongaster; ideal study animal (fast breeder, large number of offspring, 4 pairs of chromosomes) 
· Sex-linked inheritance: a trait determined by genes on the sex chromosome is said to be sex-linked. (more often on the X cause it can carry information)
· Example: red eye females, white eye males, white eyes are sex linked. 
Terminology
· X and Y: sex chromosomes 
· X-linked inheritance: a gene resides on the X chromosome 
· Y-linked inheritance: a gene resides on the Y chromosome 
· Sex-linked inheritance: a gene is on either sex chromosome 
· Autosomes: non sex chromosomes 
· Autosomal inheritance: shown by genes on non-sex chromosomes
Inheritance of X-linked Genes
· Colour-blindness Figure 15.7 page. 312
· No allele attached to the Y chromosome. 
· Example: Hemophilia 
Patterns in X-Linked Recessive Phenotypes
· One copy of allele is needed for expression in males, two copes in females
· Daughters who receive one mutant X chromosome are heterozygous carriers
· Male with mutation passes it to his daughters; sons get Y-chromosomes. 
· X Inactivation in female mammals Figure 15.8
How Linkage Affects Inheritance
· Figure 15.9
· Recombinant genes are being expressed because of crossing over. 
Nondisjunction
· Abnormal Chromosome Number 
· Down syndrome: 21 chromosomes. 
· Neuploidy: abnormal number of a particular chromosome. 
· Polyploidy: more than 2n chromosomes in all somatic cells; fairly common in plants. 
Alteration of Chromosome Structure 
· Deletion, duplication, inversion, translocation (leukemia) 

Chromosomal Basis of Inheritance and Genetic Variation 
· Variation: genetic differences in a population
· Selection: some forms are more successful at surviving and breeding than others in a given environment. 
Sources of Genetic Variation: Mutation and Sexual Reproduction
· A change in the structure of DNA
· Effects: neutral, deleterious, lethal, beneficial
· Mutation: important source of new alleles in prokaryotes
· Genetic variation characterizes nearly all natural populations IE. Wild mustard becomes a variety of different vegetables. 
· Genetic Variation: a single individual has only some of the alleles found in a population
· Much genetic variation within many species is maintained in distinct subpopulations. 
· Not all variation is heritable
· Only genetic component of variation is passed on to future generations.
· Phenotype depends on genotype and environment (phenotypic plasticity) 
· Genotype: genetic make up.
· Phenotype: physical appearance
· Phenotypic plasticity: the phenotype of an organism is determined by a complex series of processes that are affected by both genotype and its environment. 
· Individuals that are genetically identical may vary morphologically in different environments. 
Adaptation and Geographical Variation
· Genetic differences between populations
· Populations can differentiate into subpopulations due to localized inbreeding
· Trend: increase in average size with increase in latitude in many north american mammals
· IE. White clover- frequencies of cyanide-producing individuals in populations (black colour); cold weather allows for cyanide production in the breaking of membranes  

LECTURE 8
Introduction to Evolution
Origins of Evolutionary Thought
· The idea of evolution predates Darwin
· Species diversity, fossils, geology. 
· Pre-Darwinian Views: largely based on religious beliefs. 
· Plato: philosophy of idealism
· Aristotle: believed species were fixed and arranged on a ladder of increasingly complexity
· Judeo-Christian culture: account of creation; all species were individually designed and permanent
· Linnaeus: developed classification scheme to reveal God’s plan. 
· Cuvier: paleontologist, opposed evolution and proposed catastrophism
· Hutton: earth’s geological features explained by gradual mechanisms operating in the past and now
· Lyell: uniformitarianism, mechanism of change is constant over time. 
· Lamarck: first to use the term evolution, organism had innate drive to become more complex, first to provide a causal mechanism: the inheritance of acquired characteristics
· IE. Giraffes long necks evolved as they stretched their necks; necks became longer and this was passed to offspring. 
Charles Darwin
· Voyage of H.M.S Beagle 
· Marine Iguana vs. Terrestrial Iguana
· Galapagos mockingbirds: Darwin doubts fixity of species 
The Origin of Species
1. All organisms have descended with modification from common ancestors
2. The major agent of modification is natural selection operating on variation among individuals. 
· Co-discoverer with A.R Wallace of the mechanism of evolution: natural selection
Theory of Evolution
· Living things change gradually from one form into another over time. 
· A process in which certain individuals have certain heritable traits that enables them to survive and reproduce better than individuals without those traits
· If environment changes, natural selection may result in adaptation to these new conditions. Sometimes this may result in formation of a new species. 

LECTURE 9
Evolution
· Earth is 4.6 billion years old.
· Earth’s topography environment and living organisms have changed drastically over time.
· Planet and its species are dynamic. 
· Fossils: traces of organisms that lived in the past
Extinction
· Many fossils provide evidence for extinct species
· Not all fossils resemble living organisms
· Many extinctions
· Darwin interpreted extinction as evidence that species are dynamic; if species have gone extinct, then the array of species living on earth has changed through time. 
· Darwin described evolution as descent with modification: change over time produced modern species from ancestral species.
· Theory of evolution by natural selection makes two claims about the nature of species
· Species are related by common ancestry
· Species change through time. 
· Darwin interpreted fossils as evidence that extinct forms and living forms are related, that they represent ancestors and descendants. 
Transitional Forms
· Descent with modification
· Change over time produced modern species from ancestral species
· These transitional forms provide strong evidence for change through time
· Anatomical and developmental similarities
· IE. Tail: great apes and humans have tailbone but no tail. 
· Vestigial Traits: Are reduced or incompletely developed structures in organisms that have no function or reduced function but are similar to function organs or structures in closely related species. 
· IE. Appendix, wisdom teeth, goose bumps (insulation, emotional display); evidence that trait structure and function change over time. 
Darwin’s Mockingbirds
· Why are mockingbirds that inhabit neighboring islands superficially similar, yet distinct species? Patterns can be explained by evolution or descent with modification. 
· Adaptation to different living conditions on different islands. 
· Related species: share phylogeny or family tree
· Relationships can be depicted graphically in a phylogenetic tree; species are related by common ancestry. 
Geographic Relationships
· Species are found where they are because they evolved from ancestors that inhabited those regions. 
Distinguishing Homology from Analogy
· Homology: similarity of traits in species due to common/shared ancestry. 
· Structural Homologies: turtle, human, horse, bird, bat and seal have same bones. If species were created independently of one another, these types of similarities would not occur. 
· Developmental Homologies: similarity in embryonic traits and/or pattern of tissue differentiation due to shared ancestry. IE. Gills in chicks, humans and house cats. 
· Genetic Homologies: ultimate similarity among living organisms: universal genetic code; with the exception of one or two codons in a few species, the same 64 mRNA codons specify the same amino acids in living organisms*provides strong supporting evidence for relatedness and common ancestry. Genetic code must have existed in the common ancestor of all organisms living today. 
· Analogy: similarity as a result of convergent evolution; similar function but different structure. 
· Convergent Evolution: evolution of analogous traits in distantly related organisms due to adaptation to similar environments; occurs when natural selection leads to similar solutions to challenges posed by similar environments.  
· Fusiform Shape: tapered at both ends; best shape for catching prey and being a predator win

LECTURE 10
The Process of Evolution
· Mechanism of evolution: natural selection
How does Natural Selection Work?
· Individuals in a population vary in inherited traits they possess
· More offspring are produced than environment can support: result is competition. Only some individuals reach maturity and reproduce, while others do not survive or reproduce. 
· Individuals with advantageous heritable traits survive best and produce more offspring; these individuals are not a random sample of the population. 
· The unequal survival and reproduction of individuals in a population results in accumulation of favourable traits over generations. 
Evolution by Natural Selection
· Natural selection occurs when individuals with certain traits produce more offspring than do individuals without those traits
· These selected traits will increase in frequency in the population from one generation to the next, causing evolution. 
· Evolution: changes in the allele frequencies (genetic composition) of a population over time.
· Fitness: the genetic contribution of an individual to subsequent generations relative to the contribution of other individuals 
· Evolutionary Adaptation: heritable trait that increases an individuals fitness in a particular environment relative to individuals lacking that trait.
· Success means: Adaptation includes survival and reproduction.
· Behaviours, physiological processes that help organisms survive and reproduce in a particular environment. 
· Adaptation: organisms today have inherited the best combination of traits from successful ancestors that enables them to successfully survive and reproduce. 
· Success means: Diversity of species
· Some groups of organisms are more successful than others in the numbers of species in that group. 
Natural Selection and Artificial Selection
· Natural selection: nature or the environment determine which individuals are more fit; all organisms, selection by the environment, no purpose or goal, not predictable. 
· IE. Madagascar Orchid with exceptionally long floral tube; sphinx moth adapted to get pollen. 
· Coevolution: pattern of evolution in which two interacting species reciprocally influence each other’s adaptation over time.
· Artificial Selection: Darwin was familiar with variation in domesticated animals; breeders used artificial selection to produce animal/plants with particular traits; the selective breeding of plants and animals to produce specific desirable traits
· Selection by humans
· Domesticated plants and animals
· Has a purpose or a goal. 
Evolution and Adaptation
· Modern genetics supports and substantiates Darwin’s theory. 
· Variation: in a population variation is not imperfection but the material from which natural selection fashions better adapted forms of life.
· Natural selection: some forms are more successful at surviving and breeding than others in a given environment. 
Processes of Natural Selection
· Competition: for resources of limited supply. IE. Trees compete for space, water, light, and nutrients. 
· Predation: one organism consumes another IE. Predator and prey have close relationship between each other. 
· Symbiosis: different species living in direct contact with one another; 
· Mutualism: example of symbiotic relationship. 
· Parasitism: positive negative relationship
· Sexual selection: non-random mating: mate choice. 
· Kin Selection: helping survival of relatives that have the same alleles. 
Genetic Variation and Natural Selection
· Genetic Variation: refers to the number and relative frequency of alleles that are present in a population; maintain genetic variation is important because lack of variation can make populations less able to respond successfully to changes in the environment. 
· Relative fitness: the contribution that an individual makes to the gene pool of the next generation relative to the contribution of other individuals in the population; survival to reproductive age, access to mates and breeding success. 
Natural Selection and Adaptive Evolution
· Three modes of selection
· Directional Selection: pattern of natural selection where the average phenotype in a population changes in one direction. IE. Fur thickness in polar bear (selection on thick); decreases variation 
· This type of selection reduces a population’s genetic diversity over time.
· Alleles that reach the frequency of 1.0 are said to be fixed. In flight.
· Fitness trade-off: larger birds with more fat reserves survive cold better, however smaller birds are more maneuverable 
· Stabilizing Selection: occurs when individuals with intermediate traits survive and reproduce more than others thereby maintaining consistency in a population; decrease variation 
· Disruptive Selection: occurs when intermediate phenotypes are selected against and both extreme phenotypes are favoured; increases variation
Natural Selection Summary
· Individuals that have certain heritable traits survive and reproduce more than other individuals (differential reproductive success)
· Natural selection results in adaptation of organisms to their environments.
· If environment changes, adaptation may lead to formation of new species. 
Points to Remember
· Natural selection: has been shaped by a force that has no intention or direction.
· Evolution: is not directed at the emergence of more advanced species.
· Selection: acts on individuals, but populations evolve.
· If trait is heritable, but all members in the population are genetically identical for that trait, evolution cannot occur.
· Evolution is not predictable and natural selection is always operating; which traits are favoured depends on the environment.
· Theory of evolution: supported by modern genetics. 

LECTURE 11
Evolution in Action
Evolutionary Adaptations
· Inherited characteristics that enhance and organism’s ability o survive and reproduce in a particular environment. 
Evolution by Pollution
· Evolution of industrial melanism in the peppered moth. 
· Before 1850, dark moths rare; industrial pollution blackened trees; blck moths favoured, more difficult to see by bird predators; result: black variant replaces white polluted areas
· Conclusion: natural selection caused evolution. 
· Survival is not equal: predators eat the moths that are easier to spot; individuals that survive and reproduce are not a random sample of the population (=differential reproductive success)
· Essence of evolution by natural selection: heritable variation leads to differential survival and reproduction. 
· Evolution of heavy-metal tolerance in plant species; soils around mines heavily polluted with heavy metals; heavy metal tolerate genotypes occur at very low frequency in nearby uncontaminated pastures; tolerant genotypes invade contaminated areas; gene flow between pasture and mine restricted; genes for tolerance maintained on mines. 
Evolution in Agriculture 
· Herbicide resistance: weeds become resistant to herbicide. 
· Resistance in insects: crops sprayed with insecticide; some insects are resistant to insecticide.
· Nonrandom survival leads to nonrandom reproduction. 
· Resistance passed on to offspring.
Tuberculosis
· Infected humans for 1000s of years; evidence found in Egyptian mummies
· Transmission occurs through the air, from infected individuals. 
· Symptoms: cough produces blood, fever, fatigue, period of wasting (patient becomes weaker and thinner) 
· 1950-1990: sanitation, nutrition helped reduce deaths; antibiotics revolutionized treatment. 
· Since 1980s, scientists have noticed an increase that is resistant to antibiotics; rise again. 
· Mycobacterium tuberculosis: consists of cells with no mutation and cells with C-T mutation (a single based changed in DNA; cytosine to thymine, producing leucine instead of serine in the polypeptide chain); under normal conditions non-mutant cells survive well; environment with antibiotics: antibiotics kill non-mutant cells because: rifampin binds to the RNA polymerase of tuberculosis, interfering with transcription and protein production thus inhibiting production; substation of leucine for serine in mutant cells prevents rifampin from binding efficiently to the enzyme, and bacteria can keep on reproducing. Result: antibiotics kill non-mutant cells but mutant cells survive and reproduce. 
· Drug enters non mutant cell and binds to RNA polymerase; interferes with transcription, disrupts protein synthesis  non-mutant bacteria die; mutant bacteria have C-T mutation: prevents efficient binding to enzyme
· Result: drug resistance: mutant cells grow in presence of drug. 
· Bacteria in the population vary; variation (antibiotic resistance) can be passed on to offspring; bacterial survival is not random. 
Staphylococcus aureus and Natural Selection
· Drugs do not create resistance; drugs select for
· Natural selection favours characteristics in a genetically variable population that provide an advantage in the current environment. 
Sickle Cell Anemia
· A single amino acid change (glutamate replaced by valine) can radically alter protein function. 
· The sequence of DNA can be altered: alteration of one or a few bases changes amino acid. 
· Disease appears to have originated in Central Africa
· Sick-cell homozygosity (both mutant alleles) leads to a reduced life span
· Heterzygosity (1 normal and 1 mutant allele) delivers sufficient oxygen to body tissues. 
Malaria
· Identified in Algeria in 1880
· Health problems in over 100 countries; affects up to 2 billion people worldwide. 
· Ancient disease- birds, snakes, mice, monkeys and apes. 
· A common and serious tropical disease; caused by a single celled parasite, a protist. 
· Penetrates red blood cell; feeds on the cell from within destroying it. 
· 4 species of Plasmodium (falciparum caused most damage)
· Symptoms include fever, headache, anemia, fatigue, muscular pain, oxygen-carrying cells destroyed, organ failure, coma, death; can also be transmitted by blood transfusion, contaminated needles/syringes. 
· Parasite forms special adhesions that case rbc to adhere to blood vessel walls; this mechanism results in the blockage of small blood vessels and parts of the nervous system don’t receive adequate oxygen; adhesion/blockage cause brain to swell; brain cells die. 
Connection Between Sickle Cell Anemia and Malaria
· Heterozygote advantage: people who are heterozygous for sickle cell alleles have less susceptibility to malaria. 
· Balanced polymorphism: the maintenance of two or more alleles for a trait in a population at relatively constant frequency due to the selection advantage of heterozygotes. 
· Sickle-cell anemia is an adaptation to environments where malaria is common. 
Fight Against Malaria
· DDT (Paul Muller; Nobel Prize)
· Malaria Eradication Programme (1955; abandoned in 1969) WHY?
· Mosquitos became resistant to the insecticide.
· Drugs, sprays, nets and global warming.
· Some antimalarial drugs; chloroquine, proguanil, malarone, mefloquine-larium. 
Beaks of Darwin’s Finches
· Observed 14 different finches species; they differed mainly in beaks and feeding habitats
· Darwin believed it was descent with modification from a common ancestor or evolution.
· Major drought led to 84% of the ground finches dying of starvation. 
· Seed availability during droughts: tough fruits
· After drought: offspring of survivors had greater beak depth.
· Conclusion: alleles for beak depth increased in frequency; an adaptation for cracking large fruits and seeds: evolution by natural selection. 
Soapberry Bugs
· Bug beak length corresponds to bug’s food source; when soapberry bugs switch food plants, natural selection causes evolution in mouthpart length. 
Overview of Natural Selection
· Environment dictates direction and extent of change; evolution is not predictable
· Natural selection is the evolutionary agent that adapts populations to their environments. 
The Nature of Natural Selection and Adaptation
Adaptation
· Occurs when a population changes in response to natural selection; an adaptation is a heritable trait that increases the fitness of an individual in a particular environment relative to individuals that lack that trait. 
Natural Selection: Body Coloration
· Cryptic coloration: colour that blends. IE. Stick bug.
· Aposematic coloration: showy colour. IE. Poison Dart Frog
· Batesian Mimicry: a harmless unprotected species resembles a poisonous model that exhibits aposematic coloration. IE. Monarch Butterfly and Viceroy Butterfly (mimic) 
· Brightly coloured; caterpillars obtain toxins from milkweed; toxins remain in adult butterflies. “I’m not eating this again!” 
· Müllerian Mimicry: two or more unrelated but protected (toxic/dangerous) species resemble one another; group defense. IE. Yellow jacket, masarid wasp, sand wasp and anthidiine bee. 
Colouration in Guppies
· Difference in phenotype to survive. IE. Guppy and Pikecichlids. 
· Laboratory experiment; 3 conditions- no predator, killifish present, cichlid present. 
· After 10 generations, guppies from no or low predation risk pools were both larger and more colour than the guppies from the high predation risk pool. 
Natural Selection and Colouration
· Natural selection evolves by increasing the chances of survival of the individual in which the colouration/defenses are found
· Adaptation is a genetic change that occurs over generations in response to natural selection. 
Natural Selection: Genetic Basis
· Animals have enzymes to metabolize alcohol
· Variation in ability to metabolize alcohol exists in the population. 
· Fly population in normal laboratory environment vs. fly population in high-alcohol in laboratory environment. 
· After 57 generations all flies in high alcohol environment are fast processors of alcohol. As a result, the average rate of alcohol metabolism is twice the rate of unmodified population. 
· Mutation and natural selection. 
The Modern Synthesis
· The union of genetics and evolution is called the modern synthesis
· Knowledge of genetics facilitates understanding of the mechanisms of evolution
· Alleles are the basis for variation of traits
· Mutations can create new alleles and provide the basis for new traits
· Natural selection selects for or against new traits. 
Natural Selection and Adaptation in Humans
· Strong correlation between skin colour and exposure to UV light. 
· Example of convergent evolution
· UV light has important effects on human physiology and has driven the evolution of skin colour in humans; low UV = light skin adequate vitamin D and adequate folate, darker skin low vitamin D and adequate folate; high UV = light adequate vitamin D but low folate, dark skin, adequate vitamin D and adequate folate 
· High UV light levels can destroy folate and create low fitness regardless of vitamin D. 
Acclimation
· Differs from adaptation
· Occurs when an individual’s phenotype temporary adjustment to environmental change
· Individual’s genotype remains fixed. IE. Arctic fox winter vs. summer; human skin colour and tanning. 
The Nature of Evolution: Progressive or Non-Progressive? 
· Progressive implies better in some way or more complex
· Darwinian evolution produces a tree of life; not a ladder. 
· Modern evolutionary theory: no higher or lower organisms.
· Only more ancient and less ancient groups with different adaptations that allow them to thrive in different environments. 
· Complex traits may remain, be simplified or lost. IE snakes, whales, parasitic worms. 
· Populations evolve by natural selection based on ability to acquire/utilize resources, survive and reproduce. 
Traits and Adaptations
· Misconception: all traits are adaptive
· Silent mutations: mutations may change a base in codon without changing the amino acid sequence of the protein; occur because of the redundancy in the genetic code.
· Do not change the geno/phenotype there are not acted on by natural selection
· Vestigial structures: remnants of features that served a function in the organism’s ancestors; do not change the geno/phenotype, there are not acted on by natural selection. 
Do individuals sacrifice themselves for the good of the species?
· No, because the sacrificed does not generate offspring. 
Can Natural Selection Fashion Perfect Organisms?
· Can selection produce ideal traits?
· Selection can only act on existing variations
· These variations may not be ideal
· Advantageous traits cannot arise because organisms need them or want them. 
Historical Constraints
· Descent with modification
· Evolution uses existing structures and adapts them to new situations
· Animals with the ability to fly; modification of existing structures thus limbs already present took on the new function of flight in birds and bats. 
· Panda’s thumb; grown from wrist bones, not as efficient as opposable thumb but perfect for bamboo stocks; selection acts on variations that already exist. 
Compromises
· Adaptations are often compromises. IE. Frog mating calls and bat predation. 
· A compromise between competing goals; fitness trade off a compromise between traits in terms of how the traits perform in the environment.
· IE. Structural re-enforcement versus agility (humans); flippers (seal); speed (cheetah)
Natural Selection, Chance and the Environment
· All 3 interact. 
· Chance events: wind carries insects or birds over ocean to an island. Are these individuals best suited to the island?
· Environment can change unpredictably: do the organisms present on this island possess the best adaptions to survive in the changed/new environment. 
Can Natural Selection Breed Perfection?
· Constraints: existing variations, historical constraints, compromises, chance and environmental interactions
· Selection acts on many traits at the same time. 
Natural Selection Since Darwin
· Natural selection does not result in perfect
· Natural selection causes organisms to become better fit to their environment
· Organisms are not necessarily better, just better fit to a particular situation.
· Adaptation that is beneficial in one situation might be a liability in another
· Selection acts on variations that already exist
· Adaptation involves trade-offs.

LECTURE 12/13
Evolutionary Mechanisms
Micro Evolution: Evolutionary Forces
Mutations
· Change in the base sequence of DNA
· Relatively rare
· Increase genetic diversity; create/add new alleles into the population
· Cause random changes in genes; maybe neutral, may result in deleterious alleles (lower fitness)
· Can produce beneficial alleles; increase frequency in population due to natural selection 
· Can be significant evolutionary force in prokaryotes, bacteria and Archaea, which have short generation times.
· As an evolutionary mechanism, mutation is relatively slow compared with natural selection, genetic drift and gene flow.
Genetic Drift
· Random change in gene frequency in small populations over time: can occur in 3 situations; chance events, founder effect, bottleneck effect
· Chance events can cause alleles frequencies to fluctuate unpredictably from one generation to the next particular in small populations; small populations are especially prone to loss of alleles through chance
· Random with respect to fitness; most pronounced in small populations; over time genetic drift can lead to a random loss or fixation of alleles; result: genetic variation in the population declines. 
· Change in allele frequency due to chance: striking different between effects of drift in small populations versus large populations; alleles persist in large populations. 
· IE. Greater prairie chicken and habitat loss of grasslands caused bottleneck effect; had reduced the genetic variation of the small population; may have increased the frequency of harmful alleles that resulted in low hatching success; addition of 271 birds (new alleles) to Illinois population increased hatching success. 
· Summary
· Genetic drift is significant in small populations; chance events can occur in all populations but they tend to alter allele frequencies in small populations
· Genetic drift can cause allele frequencies from year to year is unpredictable (unlike natural selection that favors certain alleles over others)
· Genetic drift can lead to a loss of genetic variation within populations; genetic drift can eliminate alleles from a population, which can affect the population’s ability to adapt to changing environments.
· Genetic drift can cause harmful alleles to be fixed; in a very small population, harmful alleles can become fixed and the population’s survival can be threatened. 
Evolutionary Mechanisms
Founder Effect
· When a small number of individuals become isolated from a larger population, this group may establish a new population whose gene pool differs from the source population. 
· If the founding group is small, its allele frequencies will likely differ from those of the source population.
· This new population’s allele frequencies is called a founder effect
· Founder effects are common in colonization of isolated habitats: islands, mountains, caves and ponds. 
· Human example: Ellis-van Creveld Syndrome; disproportionate dwarfism, short arms and legs, extra fingers and toes, deformed missing nails, dental abnormalities, chest abnormalities and heart defects. 
Bottleneck Effect
· Population bottleneck: genetic change resulting from a dramatic reduction in population size IE. Volcano, oil spill, forest fire etc.
· Causes can be disease outbreaks, natural catastrophes, humans (overexploitation) 
· Bottlenecks lead to genetic bottlenecks- a sudden reduction in the number of alleles in a population. 
· IE. Cheetah: small population size may lead to inbreeding, high juvenile mortality, higher susceptibility to disease, low genetic variation: likely resulted fro several historical bottlenecks. 
· Human Example: Achromatopsia- recessive allel that results in a vision defect, on S. Pacific Island of Pingelap Atoll, 20 people out of several thousand survived a typhoon and famine; likely one survivor carried the loss of function allele; one out of twenty people on the island are afflicted with the vision disorder
Gene Flow
· The transfer of alleles into or out of a population
· A result of migration or emigration: movement of individuals from one population to another, followed by breeding. 
· Equalizes gene frequencies between the source and recipient populations
· Movement of alleles between populations tends to reduce genetic differences between them
· Is random with respect to fitness. 
· Equalization of genetic populations. 
· IE. Lupines colonize sites and form populations; seed causes change of genetic frequency in new populations; gene flow back to source population means alleles will equalize. 
· IE. Female great tits born in eastern population are better adapted to the island than females in the central population; Gene flow and local adaptation: data reveals unequal gene flow from the mainland; in any year, 43% of first time breeders in central population are immigrants from the mainland, while only 13% in the eastern population are immigrants from mainland; birds with mainland genotypes survive poorly on the island. 
· IE. Gene flow can transfer alleles that improve the ability of populations to adapt; spread of insecticide-resistant alleles in the mosquito (culex pipiens) that is the vector for West Nile virus. 
Nonrandom Mating
· If individuals mate more often with individuals bearing the same or different genotypes than would be expected on a random basis, then random mixing of gametes does not occur, and genotype frequencies change; certain individuals will mate more often and others won’t. 
Natural Selection
· Relative fitness of individuals
· Alters the frequency distribution of heritable traits: directional, stabilizing, disruptive selection
· Is the only evolutionary agent that adapts populations to their environments, and may preserve allele frequencies or cause them to change with time. 
Summary
· All have different consequences
· Mutation introduces new alleles
· Genetic drift causes random fluctuations in allele frequencies
· Gene flow equalizes alleles frequencies between populations
· Natural selection produces adaptation. 
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LECTURE 14
Genetic Variation and the Hardy-Weinberg Principle
Genetic Variation within Populations
· A gene pool contains the variation that produces different genotypes and phenotypes. 
· Genetic variation refers to the number and relative frequency of alleles in a population. 
· Populations evolve when individuals with different genotypes survive and reproduce at different rates
· An organism’s phenotype is the result of a complex developmental processes influenced by genes and environmental factors. 
Measuring Variation in a Population
· Allele Frequencies: Measure the amount of genetic variation in a population (alleles A and a)
· Genotype Frequencies: show how a population’s genetic variation is distributed among its members. (AA, Aa, aa) 
Genotype Frequency
· Homozygous dominant, AA is p2
· Homozygous recessive, aa is q2
· Heterozygous, Aa is 2pq
Hardy-Weinberg Principle
· States that the frequencies of alleles and genotypes in a population will remain constant from generation to generation, when only Mendelian segregation and recombination of alleles are at work. 
· Large population
· No genetic drift, no gene flow, no natural selection, no mutations, random mating. 
· Genotype frequencies in a large population do not change from generation to generation in the absence of evolutionary processes
· Genotype frequencies remain in the proportions: p2 (AA)+ 2pq (Aa)+ q2 (aa) = 1
· A gene with two alleles, A1 and A2
· The frequency of A1 is represented by p and the frequency of A2 is represented by q. Because there are only two alleles, p +q =1
· Three genotypes possible A1A1, A1A2, A2A2
· Fundamental Claims
· If the frequencies of alleles A1 and A2 in a population are given by p and q, then the frequencies of genotypes A1A1, A1A2, and A2A2 will be given by p2, 2pq, and q2 for generation after generation 
· When alleles are transmitted as a result of meiosis and random combination of gametes, their frequencies do not change over time. For evolution to occur, other mechanisms must play a role.
Does HW Principle Hold?
1. Estimate genotype frequencies by observation/testing
2. Calculate observed alleles frequencies from the observed genotype frequencies
3. Used the observed allele frequencies to calculate the expected genotypes according to the HW principle
4. Compare observed and expected values. 
To Calculate Allele Frequency in HW
· MM + half of MN; NN + half of MN = allele frequencies from genotype frequencies. 
How does the Hardy Weinberg Principle Serve as a Null Hypothesis?
· Shows whether evolution is acting on a particular gene in a population
· When genotype frequencies do not conform to H-W, at least one of the assumptions has not been met. 

LECTURE 15
Inbreeding and Genetic Diversity
Diversity
· Of ecosystems
· Species diversity- interspecific variation, species richness, relative abundance
· Genetic diversity within species-intraspecific variation. 
Genetic Consequences of Small Population Size
· Loss of genetic diversity; population bottlenecks, founder effects, genetic effects. 
· Inbreeding
· Inbreeding depression
· Fixation of deleterious genes 
Inbreeding
· Only heterozygous produced heterozygote offspring, but only 50% of the time.
· Decrease in heterzygosity, increase in homozygosity. 
· Mating between relatives
· Inbreeding does not cause evolution: lack of genetic variation. 
· Because allele frequencies do not change in the population as a whole; inbreeding change genotype frequencies but not allele frequencies 
· Looking at heterzygosity frequency can identify populations. 
Inbreeding Depression 
· Results in decline in average fitness in a population when homozygosity increases and heterzygosity decreases. 
· Can increase the rate at which natural selection exposes disadvantageous recessive alleles in the homozygous phenotype.
· Reductions in survival and fertility; death earlier 
· 2 Processes:
· Many recessive alleles; represent loss of function mutations
· Certain genes involved in fighting disease have a heterozygote advantage
· eg. Sickle cell anemia and malaria. 
Small Populations: Loss of Genetic Variability
· Is a two-fold problem: low genetic variability leads to low fitness and is more likely to express harmful mutant alleles; rapid loss of genetic variability can lead to extinction due to the low fitness of individuals
· Result can be inbreeding depression, a decline in heterzygosity 
· Inbreeding reduces fitness. IE Cotton. 
Inbreeding Depression: Cheetahs
· Restricted to two wild populations in southern and estern Africa
· A survey of 52 proteins indicated complete monomorpism (had one form of each). Other cats have 8-21% of loci polymorphic. 
· Skin graft experiment:
· Allografts: from unrelated animals of same species, no rejection
· Autografts: from self, no rejection
· Xenografts: from another species
· Cheetahs must have identical genes at the major histocompatibility complex (genetic locus in mammals that direct synthesis of antigens on the surface of most cells)
· Consequences: high juvenile mortality, low sperm count, increased susceptibility to disease. Low genetic variation likely resulted from several historical bottlenecks. 
· Deformed vertebrae in wolf population on Isle Royale: pain, partial paralysis, inhibited locomotion. 
Sustaining Genetic Diversity
· Rhinos: Driven to near extinction by human hunting
· Low genetic variability 
· Different populations of the same species have different deleterious traits and therefore their crossbreeding will not result in homozygosity at most loci; this outbreeding enhancement is practiced by conservation managers and zoo captive breeders to prevent homozygosity.
· Intermixing two different populations (or subspecies) may give rise to unfit traits in outbreeding depression, where offspring lack the genetic adaptations to specific local environmental conditions. 
· Black Rhinos: scattered in populations too small to be self-sustaining or in larger populations vulnerable to disease, poaching or overpopulation; relocation-mildly successful, as black rhinos are reluctant to use unfamiliar habitat.  
Demographic Considerations: Immigration
· Immigrants can counter genetic drift and inbreeding depression
· Connecting patches using corridors. 
· Constructing habitat corridors: require data on habitat use of species; location and size of corridor has to fit species’ needs, need to measure use of corridors. 
Evolutionary Implications of Small Population Size
· Vulnerable to inbreeding and genetic drift
· May be drawn into the extinction vortex
· Some populations recover, despite low genetic variability (northern elephant seal)
· Populations require enough genetic diversity to adapt as their environment changes. 

LECTURE 16
Introduction to Animal Behaviour
· Narrow definition: response to a stimulus; stimulus may be another animal or some aspect of the environment
· Broad definition: “decisions” made by organisms
· Proximate Causes: What and How?
· What focuses on the details of behaviour
· How focuses on the mechanisms of behaviour
· Ultimate Cause: Why?
· What an animal has evolved behaviour 
Studying Animal Behaviour
· What stimuli cause the kangaroo rat to express the behaviour? How are the animal’s nervous and muscular systems integrated to enable it to rect? Why has the escape jump evolved? 
Innate Behaviour
· Genetically programmed behaviour; fixed action patterns- unchangeable behavioral sequences; no learning required. 
Fixed Action Pattern (FAP)
· Is a highly stereotypical innate behaviour pattern that has three characteristics
1. Is there almost no variation in how behaviours are performed
2. Behaviours are species specific
3. Once the sequence of actions begins, it continues until completion. 
· IE. Egg-retrieval behaviour in geese; web building in spiders; courtship display of the mallard 
· Sign stimuli in a fixed action pattern: IE. Stickleback fish. 
· FAPs are responses to simple stimuli called releasers or sign stimuli 
· Sound + mound leads to attack in redwing blackbird. 
What is the Adaptive Significance of Innate Behaviour?
· Innate behaviour is commonly observed in response to: situations that have high impact on fitness and demand a reflex-like unlearned response; situations where learning is not possible. 
Simple Type of Learning
· Imprinting: fast and irreversible; occurs only during a short critical or sensitive time period. 
· Safety in imprinting 
· Can be used when saving endangered species. 
· Spatial Learning: establishment of a memory that reflects the environments spatial structure. 
Conditional Strategies and Decision Making
· All species show some degree of innate behaviour
· Common for an individuals behaviour to change in response to learning and to show flexibility in response to changing environmental conditions 
· Animals appear to make choices after weighing the costs and benefits of responding in various ways
· Costs and benefits are measured in terms of their impact on fitness- the ability to produce offspring
· Optimal Foraging hypothesis: animals will choose to maximize their foraging behaviour. 
· Behaviour in fruit flys; foraging alleles
Optimal Foraging Model
· The height preferred by crows is based on the optimal trade-off between energy gained from the food and energy in expended in flight. 
· Preferred height is around 5.23 meters. 
What Decisions Do White-Fronted Bee-Eaters Make When Foraging?
· White-fronted bee-eaters vary their foraging behaviour depending on the distance between their nesting area (colony) and their feeding territory 
· Behaviour is flexible and condition dependent.
· Optimal foraging hypothesis: animals will choose to maximize their feeding efficiency 
Communication
· Is a process in which a signal (any information-containing behaviour) from one individual modifies the behaviour of another individual 
· Is a social process
· Modes of communication: acoustic, visual, olfactory or tactile
· Diurnal (visual communication) and nocturnal (sound, scent) animals 
· Honest vs. deceitful communication
Honeybee Dance Language
· Advantage of communicating food source
Communication by Alarm Substances
· These alarm substances are not secreted, but released only when the skin is damaged. 
Deceitful Communication 
· Anglerfish use lure to attract prey 
· Female Photuris fireflies flash the courtship signal of another species, then eat males that respond
· Butterfly mimicry 
Deceiving Individuals of the Same Species
· Bluegill sunfish 
· When does deception work? 
· Only when it is relatively rare 
· If deceit becomes common, natural selection will strongly favor individuals that can detect and avoid deceivers 
More Complex Types of Learning: Birdsong
· Song-learning behaviour is innate in certain species
· White-crowned sparrow: singing must be learned during a certain critical period and occurs only in response to certain types of stimuli.
· Raised in silence, no song; raised with WCSS, normal song; raised with song sparrow, abnormal song. 
· Some species learning new songs throughout life by imitating sounds in the environment: why is there large variation in song-learning ability? Why do some species sing few innate songs, while others learn numerous songs throughout life? 
Genetic Variation and the Evolution of Behaviour
· Pairing bonding varies in different species of voles
· A neurotransmitter released during mating binds to a receptor in the nervous system: the receptor gene is highly expressed in the brain of prarie volves, but not in meadow voles
· Prairie voles help mates raise young; meadow voles do not. 
· Coastal garter snake eats banana slugs; inland populations eat frogs, leeches and fish 
· Why the different? Coastal snakes respond to odor molecules produced by banana slugs, whereas inland do not; may be due to past evolutionary adaptation. 
Behaviour: Genetic Variation and Environment 
· P = g + e (phenotype = genes + environment)
· Same genetic makeup
· But monozygotic twins acquire genetic different very early in fetal development, due to mutations in the DNA of each twin after the splitting of the embryo
· Monozygotic twins can have markedly different epigenetic profies; a gene may become switched on, switched off or could become partially switched on or off in an individual- these modifications are triggered by environmental events. 

LECTURE 17
Evolution and Behaviour 
Learning
· Modification of behaviour by experience
· Most behaviour involves an interaction between inheritance and learning
· Occurs when: 
· Behaviour changes in response to specific life experiences
· Important in species that have large brains and complex social interactions
· In such species, FAPs (Fixed Action Patterns) are relatively rare; each individual is capable of a wide range or behaviour
· Animals learn from interactions they have with their environment
Classical Conditioning
· Individuals are trained by experience to give the same response to more than one stimulus; classic example is Pavlov’s dogs
Operant Conditioning 
· A learning process in which consequences which follow a response determine whether the behaviour will be repeated; behaviour that has been reinforced will likely be repeated. 
Learned irrelevance: occurs when an animal learns to ignore the cue 
Cognition 
· Recognition and manipulation of facts about the world and the ability to form concepts and insights. 
· Tool Use in Animals; Caledonian crows use sticks to get food. 
· Darwin: all animals face the same challenges of life and require problem solving and categorizing abilities. 
Adaptive Significance of Learning
· Learning is an adaptation that helps organisms cope with challenges from their environment
· The type of learning that occurs in a given species is correlated with the type of environmental unpredictability it encounters. 
Behaviour
· Most behaviour is modified at least slightly by some type of learning
· Behavioural responses range from highly stereotyped to highly flexible
· When behaviour is flexible and condition-dependent, an individual has the potential to behave in a variety of ways
Categories of Social Acts
· Acts performed by individuals living together can be grouped as: altruistic, selfish, cooperative and spiteful. 
· Categories of social acts: (performer/recipient) cooperative (+/+), altruistic (-/+), selfish (+/-), spiteful (-/-)  
· Altruism: behaviour that has fitness cost to the individual exhibiting it and a fitness benefit to the recipient; why does it exist? 3 conditions (Hamilton’s Rule):
· Fitness benefits are high for recipient
· Altruist and recipient re close relatives
· Fitness cost to altruist are low
· If above conditions are met, alleles associated with altruistic behaviour will be favoured by natural selection and will be spread through the population. 
· Individuals can pass on their alleles to the next generation by having their own offspring by helping close relatives produce more offspring
· Benefit B: average number of extra offspring hat the beneficiary of an altruistic ac produces
· Cost C: how many fewer offspring the altruist produces
· Coefficient of relatedness r: equals the number of genes that on average are shared; rB > C 
Natural Selection and Kin Selection
· Natural selection that favors altruistic behaviour by enhancing reproductive success of relatives is called kin selection 
· IE. Naked mole rats and colony life
· IE. Belding’s ground squirrels; females call the predator alarm more often because females stay close to colony 
· IE. Black tailed prairie dogs preference to help relatives when the give an alarm call 
Inclusive Fitness
· Individuals can pass on their alleles to the next generation by having their own offspring but also by helping close relatives produce more offspring
· Kin Selection: natural selection that acts through benefits to relatives and increases inclusive fitness
· Inclusive Fitness: Florida scrub jays 
Reciprocal Altruism
· An exchange of fitness benefits that are separated in time. 
Altruistic Behaviour
· Can increase fitness of individuals by:
· Favouring relatives/kin (kin selection)
· Increasing the probability of receiving help in the future from non-kin (reciprocal altruism) 
· Flexible condition dependent behaviour that occurs in many species that live in social groups.
Behaviour 
· Shaped by evolution via natural selection
· Genes and environment interact in complicated ways to determine behaviour 
Evolution: Natural Selection and Behaviour 
· Evolution by natural selection
· Variation in a trait
· Variation in fitness for the trait
· Genetic basis for the trait 
· Evolution of behaviour
· Behaviours have great variation
· Different behaviours have different fitness
· Behaviours have a genetic basic

LECTURE 18
Sexual Selection and Male Competition 
Mate Choice and Evolution
· Mate choice plays a key role in determining reproductive success:
· Attracting mates
· Choosing among potential mates
· Competition for mates
· Care of offspring 
Reproduction and Sexual Dimorphism
· Conspicuous behaviours
· IE Sage grouse on leks 
Sexual Selection
· Leads to exaggerated traits
· Do females respond? Why? 
Exaggerated Traits
· Are costly; is there a benefit? 
Darwin and Sexual Selection
· “…depends on the advantage which certain individuals have over other individuals of the same sex and species, in exclusive relation to reproduction” 
· Sexual Selection: a form of selection where individuals with certain inherited traits are more successful at attracting mates and breeding than other individuals in a population 
Sexual Dimorphism and Mating Systems
· Monogamous: one male mates with one female (both look alike)
· Polygamous: one individual of one sex mates with several of the other
· Polygyny: single male, many females (males larger and showier than females)
· Polyandry: single female, many males (females larger and more ornamented than males) 
Origin of Sexual Differences: Asymmetry of Sex 
· Unequal sized gametes
· Egg is resource rich, females produce few and large compared to sperm
· Sperm is inexpensive, quite numerous and small in size 
Fundamental Asymmetry of Sex
· Females invest more in offspring than males: 2 consequences
· Fitness limited by access to resources for eggs and young; females being choosy
· Fitness limited by access to fertilizable gametes; males compete for females 
Fitness in Males and Females
· Reproductive rate limits fitness in females
· Mating success limits fitness in males
· Works the same for survival 
Sexual Selection
· Male-male competition: intrasexual selection
· Female choice: intersexual selection 
· Reproductive success usually varies more in males than females, thus sexual selection is typically more intense in males
· Because sexual selection acts differently on males and females, it can cause the evolution of sexual dimorphism
· Survival of the fittest? Mating success vs. survival (predation)?
· IE. Peacock and predators 
Intrasexual Selection
· Special weapons and defensive organs
· Sexual differences in body size and shape
· Elaboration of various organs to threaten opponents 
Manifestations of Male-Male Competition
· Fighting behaviour
· Territoriality
· Social status 
· IE. Elephant seals; most males die without reproducing
· Few male elephant seals father the majority of offspring
· Sexual selection is intense in this species and is driven by male-male competition
Sexual Selection Summary
· Is a form of natural selection for the ability to attract mates
· In males, is directed by male-male competition
· Results in traits that lead to mating success
The Puzzle of Conspicuous Ornaments
· Darwin’s answer: sexual selection
· Original of sexual different: asymmetry of sex
· Intrasexual competition: male-male competition 

LECTURE 19
Sexual Selection and Female Choice
Female Choice
· Asymmetry of sex: eggs are resource rich, few, large and sperm are inexpensive, small and are produced on mass. 
· Females usually invest more in their offspring than males do; typically produce relatively fewer offspring than males; fitness is limited primarily by the ability to gain resources necessary to produce/rear young 
· The behaviour of a female is choosing a mate (preference behaviour) that biases the mating success of males toward the preferred type. IE. Bowerbird and decorating the nests 
· Female preference behaviour depends upon phenotype of male; female moves to/chooses male with preferred trait/s
Tail Manipulation Experiment 
· Do females prefer long tails in African Long tailed Widowbird? Experiment: Manipulate tail length.
· Natural tail length (N), reduced tail length (R), elongated tail length (L), sham surgery (S)
· Mating success predictions: elongated > natural > shortened 
· Natural = sham (treated with same experimental treatment; cutting and glue has an effect on animals) 
· Same experiment in Barn Swallows; female barn swallows were found to prefer long-tailed mates; long tailed males are more efficient in flight and more successful in finding food, thus have higher fitness. 
Other Examples in Female Choice
· Complex calls in Tungara frogs; trade off; females prefer complex calls
· Hanging flies: females prefer individuals who bring large food; larger prey, more eggs are fertilized.
The Problem of Female Choice
· Why are male elaborations common? Females prefer them, resulting in selection for elaboration. 
· Why do females prefer certain traits? One of biggest unsolved mysteries in evolutionary ecology. 
Hypothesizes for Female Choice
· Direct benefits: female benefits directly IE. Hanging fly
· Indirect benefits: involve genetic benefits to her offspring 
Selection for Male Traits as Indicators of Parental Investment
· Territory quality, parental care, defense, provider of food, lack of parasites. 
Redwing Blackbird
· Direct benefits- selection of resources, male trait is indicator (or badge) of parental investment (PI), good territory 
Exploring Parental Appearance on Male Choice
· Zebra finches normally do not have feather crests on their heads
· Conclusion: female birds pick up on cues from their fathers when choosing their mates; mate choice was based on how their father appeared. 
· IE. Male stalk eyed flies: larger eye stalks = good health
· IE. Black birds and coloured beaks; carotenoids produce colour (obtained from food) and enhance immune system 
· Control: blackbird injected with harmless salt solution
· Experiment: blackbird injected with cells to stimulate immune system; coloration was duller because used for immune response 
· IE Zebra finches have bright beaks; colourful plumage and beaks are due to red and yellow pigments; carotenoids; animals obtain carotenoids by eating carotenoid-rich plants; carotenoids also stimulate immune system to fight diseases more effectively; females prefer bright colouration. 
Female Preferences
· IE Do guppies have preference for bright colouration?; male guppies that were brightly coloured are much more aggressive (bright colour = protection)
Hypothesis for Female Choice
· Indirect Benefits: females prefer male traits that indicate high genetic quality (good genes). If so offspring from matings with preferred males should have higher fitness
Female Choice
· Females choose males with exaggerated traits
· Male trait evolves to spectacular level
· Make trait becomes costly
· Make offspring become burdened with costly traits
Handicap Principle
· Males that have exaggerated traits are that costly to reproduce and maintain are the makes that are the most vigorous
· Exaggerated traits enhance mating success and are honest indicators of male fitness. 

LECTURE 20 
The Origin of Species
· Speciation: The process by which one species splits into 2 or more species; many shared characteristics due to shared ancestry 
· IE. DNA of flightless and flying cormorants reveals close relatedness 
· Microevolution: changes in allele frequencies in a population over time
· Mechanisms: mutation, gene flow, genetic drift, natural selection. 
· Macroevolution: evolution on a large scale
· The origin of new groups of organisms, mechanisms by which new species originate from existing ones. 
Definition and Identification
· Biologists commonly use four approaches to identify species:
· Biological species concept
· Morphospecies concept
· Ecological species concept
· Phylogenetic species concept 
Biological Species Concept
· Potentionally interbreeding populations which are reproductively isolated from other such groups- Ernst Mayr
· Gene flow holds the gene pool of a species together
· Reproductive isolation: barriers that prevent 2 species from interbreeding
Reproductive Isolated Mechanisms
· Prezygotic
· Preventing zygote formation
· Block fertilization from occurring: geographical, temporal, behavioral, mechanical, gametic isolation. 
· Figure 24.3
· Postzygotic
· Preventing the proper development and function of zygote, once formed
· Reduce survival, reduced hybrid fertility, decreased chance of survival to reproduction. 
Limitations of Biological Species Concept
· IE. Grolar Bear (Grizzly and Polar Bear breed due to changing geography) 
Morphological Species Concept
· Looking at morphological features (size and shape)
· Distinguishing features are most likely to arise if populations are isolated from gene flow
· Advantage: widely applicable; sexual, asexual, fossil species
· Disadvantage: subjective criterion IE. Homo skulls 
Ecological Species Concept
· Views species in terms of:
· Ecological niche
· Have the same range of environmental tolerances
· Face he same predators and parasites 
· Emphasizes the role of disruptive natural selection
· Favors traits that benefit organisms in exploiting resources and adapting to environment. 
Phylogenetic Species Concept
· Smallest group of individuals that share a common ancestor, forming one branch on the tree of life
· Difficulty is the degree of differences required to separate organisms into different species. 
Subspecies
· Populations that have their own identifying features but are not distinct enough to be considered a separate species
· Becomes difficult to classify different species based on the four concepts. 
Speciation
· Speciation is the process by which new species form:
· Isolation of populations (no gene flow)
· Genetic divergence
· Populations that experience reduced gene flow may diverge genetically: may lead to creation of new species
Allopatric Speciation
· Populations are separated by geographical barriers
· Reproductive barriers established
· Isolation from gene flow 
· Figure 24.5
· By dispersal: colonization, followed by genetic drift and natural selection is most likely responsible for speciation in Galapagos finches 
Allopatric Speciation Examples
· Geographic Isolation: Figure 24.6
· Process of Allopatric Speciation Figure 24.7; under high predation, fish has more powerful tail and streamlined body, under low predation, fish has different body shape and favors long steady swimming. 
· Allopatric Speciation in Snapping Shrimp: Figure 24.8 
· Continental Drift in Ratite Birds: theory of plate tectonics, continental drift: ratites: ostrich, kiwi, emu, rhea, cassowary 
Sympatric Speciation
· Speciation occurs in populations that live in the same geographic area (rarer)
· Gene flow is possible, but is rare or non-existent 
Sympatric Speciation: Polyploidy
· More than two complete sets of chromosomes
· Autopolyploidy: mutation occurs that results in a doubling of chromosome number: chromosomes all come from the same species
· Allopolyploidy: mating between parents of two different species and produce offspring with chromosomes from different species 
· Most hybrids are sterile because homologous chromosomes cannot pair during meiosis
· If fertile polyploidy hybrids can mate with each other, but not with the parents: thus a new biological species. 
· In plant populations, gene flow is reduced between polyploidy and wild-type plants; diploid and tetraploid populations are reproductively isolated. 
· Autopolyploidy
· IE. Maidenhair fern 
· Mutant plant has a defect in meiosis that caused nondisjunction of chromosomes
· Diploid cells produce diploid gametes
· Self-fertilization: tetraploid offspring
· Diploid and tetraploid plants are indistinguishably morphologically 
Speciation by Polyploidy Common in Plants/
· In plants, failure of cell dvison can result in doubling of chromosome number
· Plants that can self fertilize can have diploid gametes fusing to create tetratploid offspring. Tetraploid plants can also mate with other tetraploid plants’ by hybridization between different plant species is common so speciation via allopolyploidy can occur. 
· Significance: ployploids are reproductively isolated form their diploid parents hence form of speciation
· Ployploids often exhibits novel phenotypes allowing exploitation of new habitats
· Approximately half of all flowering plants are believed to be ployploid. 
Habitat Differentiation and Sympatric Speciation
· IE. Hawthorn flies- native to North American, Apple trees- introduced to North American; where did apple maggot flies come form? 
· Maggot flies original habitat was hawthorn trees; apples nature fatser than hawthorn fruit and natural selection favored apple feeding flies
· Apple feeding flies show temporal isolated from hawthorn feeding flies: Prezygotic restriction to gene flow
· Discovery of alleles that benefit of one host plant: Postzygotic barrier- potential speciation. 
· IE Soapberry bugs; potential for speciation because the fruit preferences; restriction to gene flow (disruptive selection) 
· Occurs when populations become isolated by habitat preference; is an important cause of speciation in sympatric populations. 
Sexual Selection: Reproductive Isolation
· Breeding coloration (mate choice) is the main reproductive barrier that keeps the 2 species separate Figure 24.12
Summary of Sympatric and Allopatric Speciation 
· Allopatric speciation
· Geographic isolation
· Restricted gene flow
· Genetic changes accumulate as a result of natural selection, genetic drift and sexual selection
· Sympatric speciation
· Rarer than allopatric speciation
· Polyploidy, habitat/food preference, sexual selection 
Hybrid Zone
· A geographic area where interbreeding between two species is common and fertile hybrid offspring are produced
· Wolves in Algonquin Park appears to be hybrids between eastern wolves and eastern coyotes 
· Figure 24.13
Patterns in Hybrid Zone
· Hybrid bombina toads have increases rates of embryonic mortality and morphological abnormalities (ribs fused, malformed mouthparts)
· Hybrid have poor survival and reproduction 
· Figure 24.14 
Reinforcement: Strengthen Reproductive Barriers
· Selected traits reinforce differences that developed when populations were isolated from one another; reinforcement is stronger in sympatric populations 
· Argument: if populations are distinct genetically, hybrid offspring will likely have lower fitness than parents
· If Postzygotic isolation occurs: expect strong selection against interbreeding- reproductive cost 
· Prezygotic isolation should be favoured by natural selection because it prevents interbreeding 
Fusion: Weakening Reproductive Barriers
· Murky waters caused by pollution reduce the ability of females to distinguish males of their own species from males of closely related males; result: many hybrids are produced. Figure 24.16 
Hybridization    
· The exchange of genes between species
· Varies among different groups of organisms
· If one species outcompetes the other species, the poorer competitor may go extinct
· If combination of genes in hybrid offspring allows them to occupy distinct habitats and use different resources, they may form a new species. 
Adaptive Radiation 
· Produce star phylogenies
· Rapid speciation in a single lineage followed by divergence into many different adaptive forms
· Speciation events were so rapid that the order of branching cannot be resolved. Figure 25.20
· Occurs when a single linage produces many descendant species that live in a wide diversity of habitats and use a wide variety of resources. 
· IE. Australian mammals
· IE. Hawaiian island plants Figure 25.21
· IE. Honeycreepers in Hawaiian Islands
            Radiation Triggers
1. Ecological opportunities: unoccupied habitats, lack of competitors 
2. Morphological innovations: new traits, cichlids unique jaws, flowers, feathers, insect bodies 
Significance of Speciation
· As a result of speciation, earth is populated with millions of species, each adapted to live in a particular environment and to use resources in specific ways. 
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Process

Selection
Genetic drift

Gene flow

Mutation

A Summary of Evolutionary Mechanisms

Definition and Notes Effect on Genetic Variation
Certain alleles are favored Can lead to maintenance, increase,
or reduction
Random changes in allele frequencies: Tends to reduce, via loss or fixation
most important in small populations of alleles
Movement of alleles between May increase by introducing new
populations; reduces differences alleles; may decrease by removing
between populations alleles
Production of new alleles Increases by introducing new
alleles

Table 24-4 Biological Science, 2/e
© 2005 Pearson Prentice Hall, Inc.

Effect on Average Fitness

Can produce adaptation
Usually reduces

May increase by introducing high-fitness
alleles or decrease by introducing
low-fitness alleles

Random with respect to fitness; most
mutations lower fitness




