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Populations evolve• Natural selection acts on individuals
 – differential survival– differential reproductive success
 • Populations evolve– genetic makeup of
 population changes over time
 – favorable traits (greater fitness) become more common
 Presence of lactate dehydrogenase
 Mummichog
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Changes in populationsBent Grass on toxic mine site Pocket Mice in desert lava flows
 Pesticidemolecule
 Insect cellmembrane
 Target site
 Resistanttarget site
 Insecticide resistance
 Target site
 Decreased number of target sites
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2007-2008
 Individuals DON’T evolve…Individuals survive or don’t survive…Populations evolveIndividuals reproduce or don’t…
 Individuals are selected
 Populations evolve!
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Fitness• Survival & Reproductive
 success– individuals with one
 phenotype leave more surviving offspring
 Body size & egg laying in water striders
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Variation & natural selection • Variation is the raw material for natural
 selection– there have to be differences within population– some individuals must be more fit than others
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 Where does Variation come from?• Mutation
 – random changes to DNA• errors in gamete production• environmental damage
 • Sex – mixing of alleles
 • recombination of alleles– new arrangements in every offspring
 • new combinations of traits– spreads variation
 • offspring inherit traits from parent
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5 Agents of evolutionary changeMutation Gene Flow
 Genetic Drift Selection
 Non-random mating
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1. Mutation & Variation • Mutation creates variation
 – new mutations are constantly appearing• Mutation changes DNA sequence
 – changes amino acid sequence?– changes protein?
 • changes structure?• changes function?
 – changes in protein may change phenotype & therefore change fitness

Page 11
						

2. Gene Flow• Movement of individuals &
 alleles in & out of populations– seed & pollen distribution by
 wind & insect– migration of animals
 • causes genetic mixing across regions
 • reduce differences between populations
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Human evolution today• Gene flow in human
 populations is increasing today– transferring alleles
 between populations
 Are we moving towards a blended world?

Page 13
						

3. Non-random mating• Sexual selection
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Warblerfinch
 Tree
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 Ground finches
 4. Genetic drift• Effect of chance events
 – founder effect– Bottleneck
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Conservation issues• Bottlenecking is an important
 concept in conservation biology of endangered species– loss of alleles from gene pool– reduces variation– reduces adaptability
 Breeding programs must consciously outcross
 Peregrine Falcon
 Golden Lion Tamarin
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5. Natural selection• Differential survival & reproduction due to
 changing environmental conditions • climate change• food source availability• predators, parasites, diseases• toxins
 – combinations of alleles that provide “fitness” increase in the population
 • adaptive evolutionary change
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2005-2006
 Any Questions??
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2007-2008
 MeasuringEvolution of Populations
 (aka “Enter Math”)Ch. 23
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5 Agents of evolutionary changeMutation Gene Flow
 Genetic Drift Selection
 Non-random mating
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Brief Terminology ReviewGene – determines a trait (ex. eye color)Allele – A variant of a gene (ex. brown eyes vs.
 blue eyes)All sexually reproducing organisms have 2 alleles
 for any trait.Dominant – An allele that will show a trait,
 regardless of the other other allele (ex. brown eyes)
 Recessive – An allele that will only show a trait if both alleles are recessive (ex. blue eyes)
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New TerminologyHomozygous – any individual who has 2 copies of the
 same allele. Can be homozygous dominant or homozygous recessive.
 Heterozygous- any individual who has one copy of a dominant allele and one copy of a recessive allele. WILL SHOW THE DOMINANT TRAIT!
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Populations & gene pools• Concepts
 – a population is a localized group of interbreeding individuals
 – gene pool is collection of alleles in the population• remember difference between alleles & genes!
 – allele frequency is how common is that allele in the population
 • how many A vs. a in whole population
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Evolution of populations• Evolution = change in allele frequencies in a
 population– hypothetical: what conditions would cause
 allele frequencies to not change?non-evolving population
 REMOVE all agents of evolutionary change1. very large population size (no genetic drift)2. no migration (no gene flow in or out)3. no mutation (no genetic change)4. random mating (no sexual selection)5. no natural selection (everyone is equally fit)
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Hardy-Weinberg equilibrium• Hypothetical, non-evolving population
 – preserves allele frequencies• Serves as a model (null hypothesis)
 – natural populations rarely in H-W equilibrium– useful model to measure if forces are acting on a
 population
 W. Weinbergphysician
 G.H. Hardymathematician
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Hardy-Weinberg theorem• Counting Alleles
 – assume 2 alleles = B, b– frequency of dominant allele (B) = p – frequency of recessive allele (b) = q
 • frequencies must add to 1 (100%), so:
 p + q = 1
 bbBbBB
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Hardy-Weinberg theorem• Counting Individuals
 – frequency of homozygous dominant: p x p = p2 – frequency of homozygous recessive: q x q = q2 – frequency of heterozygotes: (p x q) + (q x p) = 2pq
 • frequencies of all individuals must add to 1 (100%), so:
 p2 + 2pq + q2 = 1
 bbBbBB
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H-W formulas• Alleles: p + q = 1
 • Individuals: p2 + 2pq + q2 = 1
 bbBbBB
 BB
 B b
 Bb bb
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What are the genotype frequencies?
 Using Hardy-Weinberg equation
 q2 (bb): 16/100 = .16q (b): √.16 = 0.4p (B): 1 - 0.4 = 0.6
 population: 100 cats84 black, 16 whiteHow many of each genotype?
 bbBbBBp2=.36 2pq=.48 q2=.16
 Must assume population is in H-W equilibrium!
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Using Hardy-Weinberg equation
 bbBbBBp2=.36 2pq=.48 q2=.16
 Assuming H-W equilibrium
 Sampled data bbBbBB
 p2=.74 2pq=.10 q2=.16
 How do you explain the data?
 p2=.20 2pq=.64 q2=.16
 How do you explain the data?
 Null hypothesis
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Application of H-W principle• Sickle cell anemia
 – inherit a mutation in gene coding for hemoglobin• oxygen-carrying blood protein• recessive allele = HsHs
 – normal allele = Hb
 – low oxygen levels causes RBC to sickle
 • breakdown of RBC• clogging small blood vessels• damage to organs
 – often lethal
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Sickle cell frequency
 • High frequency of heterozygotes – 1 in 5 in Central Africans = HbHs
 – unusual for allele with severe detrimental effects in homozygotes
 • 1 in 100 = HsHs
 • usually die before reproductive age
 Why is the Hs allele maintained at such high levels in African populations?
 Suggests some selective advantage of being heterozygous…
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Malaria Single-celled eukaryote parasite (Plasmodium) spends part of its life cycle in red blood cells
 1
 2
 3
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Heterozygote Advantage• In tropical Africa, where malaria is common:
 – homozygous dominant (normal)• die or reduced reproduction from malaria: HbHb
 – homozygous recessive • die or reduced reproduction from sickle cell anemia: HsHs
 – heterozygote carriers are relatively free of both: HbHs
 • survive & reproduce more, more common in population
 Hypothesis:In malaria-infected cells, the O2 level is lowered enough to cause sickling which kills the cell & destroys the parasite. Frequency of sickle cell allele &
 distribution of malaria
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2005-2006
 Any Questions??Any Questions??Any Questions??
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Review Questions
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1. In a random sample of a population of shorthorn cattle, 73 animals were red (CRCR), 63 were roan – a mixture of red and white (CRCr) – and 13 were white (CrCr). Estimate the allele frequencies of CR and Cr, and determine whether the population is in Hardy-Weinberg equilibrium.A. CR 5 0.64, Cr 5 0.36; because the population is large and a random
 sample was chosen, the population is in equilibrium.B. CR 5 0.7, Cr 5 0.3; the genotype ratio is not what would be predicted
 from these frequencies and the population is not in equilibrium.C. CR 5 0.7, Cr 5 0.3; the genotype ratio is what would be predicted from
 these frequencies and the population is in equilibrium.D. CR 5 1.04, Cr 5 0.44; the allele frequencies add up to greater than 1
 and the population is not in equilibrium.E. You cannot estimate allele frequency from this information.

Page 37
						

2. Genetic analysis of a large population of mink inhabiting an island in Michigan revealed an unusual number of loci where one allele was fixed. Which of the following is the most probable explanation for this genetic homogeneity? *A. The population exhibited nonrandom mating, producing homozygous
 genotypes.B. The gene pool of this population never experienced mutation or gene
 flow.C. A very small number of mink may have colonized this island, and this
 founder effect and subsequent genetic drift could have fixed many alleles.
 D. Natural selection has selected for and fixed the best adapted alleles at these loci.
 E. The colonizing population may have had much more genetic diversity, but genetic drift in the last year or two may have fixed these alleles by chance.
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3. Which of the following statements is NOT true about genetic mutations?3. Genetic mutations are always harmful4. Mutations can occur when DNA molecules are copied5. Mutations are the ultimate source of all variations in a
 population6. Mutations that occur in the skin cells of parents can be
 passed to offspring7. Mutations are the raw material that drives evolution.
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4. Which of the following is NOT a component of Darwin’s theory of natural selection?
 A. Mutations cause a significant amount of genetic variation
 B. Evolution is a slow process that occurs over a long period of time
 C. Variations among organisms are the basis by which organisms will or will not reproduce
 D. Organisms who posses the most favorable variations have a higher comparative level of fitness
 E. More individuals are born than can survive
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Base your answers to the following questions on the choices below:
 A. Founder effectB. Adaptive RadiationC. Gene FlowD. Genetic DriftE. Hardy-Weinberg Equilibrium
 5. Occurs when a population undergoes a dramatic decrease in size.
 6. Describes the introduction or removal of alleles when individuals enter or leave a population.
 7. The term used to describe a theoretical, non evolving population.
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