BIOLOGY 1004 – MIDTERM 1 REVIEW
Lecture #1
A Primer of Scientific Research
· Science is a way of understanding the natural world based on observable and  measureable evidences. Evidences are interpreted through logic
· Characteristics of science
· Scientific conclusions are reliable but not tentative
· Science is not democratic
· Science is non-dogmatic
· The Scientific Theory is a model to explain the natural world. Theories developed from first principles or body of evidence
· There are 3 important qualities of a scientific theory
· Explain past and present
· Predict future
· Better explain observations than alternative theories
· Working/Research hypothesis  Prediction  Statistical Hypotheses
· Manipulative experiments
· Unambiguous interpretation of causality depends on;
· Controls
· Meaningful treatments 
· Replication
· Randomization
· Controls tell us how the system behaves in the absence or presence of the variable of interest
· Meaningful treatments may influence variables affecting the response variable of interest. Designing these treatments requires knowledge on the history and biology of the system under study. They must be within a range of natural variation
· Replication allows to separate the effect of the treatment from the background variation. It is better to have more replicates with small samples in each than a few with  a large sample size
· Randomization is used to insure the independence of the sample. Non-independent replicates are called pseudo-replicates
· Types of Data
· Qualitative (notes, photographs, observations)
· Quantitative can be displayed graphically and analyzed statistically
· Continuous 
· Categorical 
· Variation – mean values without a measure of variation are not very useful
· Standard deviation and standard error are often used to quantify variation
· Falsification – philosophy of science
Lecture #2
· There are multiple answers to “why?”
· Proximate (physiological, neurological)
· Ultimate (evolutionary)
· What is evolution?
· Broadly defined as decent with modification from a common ancestor
· Changes in characteristics that are genetically inherited
· Homologies: shared structures that are due to relatedness
· Morphological homologies
· Developmental homologies 
· Molecular homologies
· Evolution and Darwin
· Provided a theory explaining how evolution happens
· Early ideas
· Ancient Greek philosophers and naturalists (Aristotle); life can be created from non-living matter by spontaneous generation.
· Recognized that earth is older than proposed by the bible
· Jean-Batiste de Lamark – Mechanism; inheritance of acquired characteristics (use and disuse)
· Natural Theology: studying nature to understand the work of God
· Charles Darwin
· Species are changing and, by extension, there must be a common ancestor to all living things
· Natural section = a Mechanism for evolution
· Variation exists within species
· Heredity and artificial selection 
· Different variety can be created by selective breeding
· Principles of Geology: gradual geological changes 
· Darwin’s Four Postulates
1. Variation exists within a population
2. Some variation passed on to offspring
3. More offspring are produced than can survive
4. Survival and reproduction of individuals is not random with regards to variation
· Alfred Russell Wallace
· Came up with the theory of evolution by natural selection
· Inheritance and alleles 
· Mendel worked out the law of inheritance for dominant and recessive alleles 
· His findings rejected Lamark’s theory of inheritance of acquired characteristics for good
· Supported Darwin’s theory
Lecture #3
Natural Selection
· Traits can be continuous or discrete (displayed with histograms)
· Polymorphism: existence of multiple variants of a discrete trait (ie. Colour)
· Phenotypic variation: difference in measurable traits
· Causes of phenotypic variation; Environmental and Genetic
· Fitness and Adaptation
· Fitness: a genotype’s success at reproducing (relative measure)
· Adaptations: a heritable trait that increases the fitness of the individual carrying it
· Nature of Natural Selection
· Natural selection has no intension
· Organisms are not trying to adapt
· Evolution is always one generation behind
· Natural selection is non-random
· Natural selection is  not a progressive process
· Natural selection act on individuals, not a group
· Survival of the fittest 
· Natural selection does not select the fittest but the fit enough given current conditions
· Disruptive selection: selection against the intermediate phenotype
· Promote polymorphism
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Lecture #4
Variation and Adaptation
· Modern definition of evolution: change in allele frequencies (rather than decent with modification)
· Allele frequency: the relative abundance of the different alleles at one loci in a population
· Evolution: change in allele frequency between generations
· Genetics 
· Locus: location of the chromosome where a gene is positioned
· Allele: alternative form of a gene
· Genotype: genetic makeup of an organism
· Variation
· Variation is essential for selection and evolution to occur
· Stabilizing selection and drift causes variation
· Sources of Variation
1. Mutations
· Change in DNA
· Mutations create new alleles and genes
· Ultimate source of variation
· Causes of Mutations
· DNA fails to copy accurately (only germline mutations matters for evolution)
· Mutation by substitution 
· Mutation can cause a change in protein structure
· Mutation can cause incomplete protein
· Mutation causes no change in structure or function
2. Sexual Reproduction
· Meosis and fertilization causes variation because;
· Genetic recombination
· Random isolation of chromosome of maternal and paternal origin
· Alternative combination in Metaphase II
· Random fertilization
3. Gene Flow
· Migrating individuals can bring new alleles and genes to a population
· Heterozygotes
· When a recessive allele is common, most copies of the allele in the population are homozygotes 
· When a recessive allele is rare, most copies of the allele in the population are heterozygote
· Heterozygotes have a relatively higher fitness than homozygotes
· Maintenance of Diversity
· Diploidy
· Selections acts on phenotype 
· Diploid organisms have two alleles 
· Balanced polymorphism
· 2 or more phenotypes are maintained in stable proportions
· Selection in varying environment
· Different allele favoured in different environment
· Frequency dependent selection
· Rare phenotypes have an advantage over common phenotypes
· Selectively Natural alleles: different alleles can produce different phenotypes that function equally well.
Lecture #5
Agents of Microevolution
· Genetic structure of population
· The genetic characteristics of a population
· Genotype frequency
· Allele frequency
· Gene pool: all the alleles at a gene loci in a population
· Agents of microevolution (causes for changes in allele frequency)
1. Mutation
2. Gene Flow
3. Genetic Drift
4. Selection (natural & sexual)
· Mutations (produces variation)
· Mutations are an important source of genetic variation over long periods of time but don’t have a significant effect on allele frequency over few generations due to their low probability of occurrence.
· Gene Flow (produces variation)
· Achieved by the movement of organisms or their gametes between populations
· Genetic Drift (limits variation and adaptations)
· Random and unpredictable changes in allele frequency (NOT due to mutations)
· Random mating can produce changes in allele frequency
· Drift in small populations
· When male and female reproduce alleles pair up randomly
· If each allele has the same frequency, random mating is expected to keep that frequency in the next generation
· The smaller the population the greater the probability that allele frequency will drift away from the expected 50%
· Drift and Adaptations
· Genetic drift does not involve non-random survival and reproduction
· Drift doesn’t produce adaptations
· Natural Selection (produces adaptations)
· Acts on the phenotype and leads to change in genotype over time
· Favours some genotypes over others
· Selection depends on its effect on the phenotype
· Hardy Weinberg Principle
· A null model that defines the expected allele frequency of a population without the effects of micro-evolutionary agents:
1. No mutations
2. No immigration from other populations
3. Infinite population size
4. All genotypes survive and reproduce equally well
5. Random mating
· This principle is used as a research tool
· Two conclusions of the Hardy-Weinberg model
1. The frequency of an allele in a population will not change between generations
2. Genotype frequencies are given by p2, 2pq, and q2
Lecture #6
Sexual Selection and Speciation
· Theory of Sexual Selection – Male’s Perspective
· Gametes: small and energetically cheap
· Fitness limited by: the number off eggs that can be fertilized
· Theory of Sexual Selection – Female’s Perspective
· Gametes: large and energetically expensive
· Fitness limited by: the amount of time and resources that can be allocated to produce each offspring
· Intrasexual Selection
· Combat or display between males
· Scramble competition: no direct combat but multiple competing for the same female
· Male display to females and female pick males based on the characteristics of the signal
· Sexual Selection vs. Natural Selection
· Sexual selection only refers to selection acting on traits that are directly used in mate choice
· Reproductive isolation: mechanisms that prevents the gene pool of two species from mixing
· Prezygotic and postzygotic mechanisms
· Reproductive isolation is achieved  by geography/ecology, and genetics
· Allopatric Speciation: the evolution of reproductive isolating mechanisms between two populations that are geographically separated.
· Sympatric Speciation: speciation that occurs without the geographic isolation of populations
· [bookmark: _GoBack]
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Figure 121 Three types of selection: (a) directional; (b) stabilizing; (©) disruptive.




