Lecture 11

 Introduction: 
· Bottleneck Effect: A situation in which a population regrows from a small #, which can reduce genetic variability, thereby having adverse effect’s on the population’s reproductive capacity, resistance to disease, and ability to survive unfavorable environmental changes
· A large group of researchers based in several different geographical locations measured genetic variability in surviving humpback populations, by studying mitochondrial DNA. Most of the variability in mtDNA comes from chance mutations occurring at a constant rate rather than from genetic recombination, and since mtDNA is haploid, this results in the mutation rate being more or less constant.  The mutations that occurred after the population bottleneck can be estimated and subtracted from the total variation, to determine the amount of variability in mtDNA, during the bottleneck. 
· Most of the mtDNA sequence variation was relatively high in the various samples from different geographical locations because humpback whales appear to have retained a high amount of genetic diversity (likely due to the individuals that were in the population bottleneck having a great degree of genetic variability) but a subpopulation near Hawaii showed no variability. This is thought to be because this population may have been started recently by a few very similar whales, (ex of founder’s effect- loss of genetic variation due to new population established by a very small # of larger individuals from larger population)
· The evolution of the humpback whales is an example of microevolution, which is a change in alleles in a population over time
· Population: Includes all the individuals of a single species that live together in the same place and time
· Scientists study microevolution by analyzing variations (the differences between individuals in populations). 
· Micro-evolutionary change results from several processes, not just natural selection

Outcomes

Difference between quantitative and qualitative variation
· Phenotypic variation can be either quantitative or qualitative variation. 
· Quantitative Variation occurs when most individuals differ in incremental ways  Measuring the height of everyone in a biology class would allow you to see that height varies almost continuously from your shortest to tallest classmate. 
· Data that exhibits quantitative variation can be displayed in a bar graph often a bell shaped curve 
· Qualitative variation is exhibited by other traits that only exist in more discrete states (ex. Colour of snow geese for example). Snow geese either have blue or white feathers, not pale blue.  Variants of a characteristic that only exist in a discrete form are polymorphic (ex. fur colour, blood type)
· We describe phenotypic polymorphisms quantitatively by calculating the percentage or frequency of each trait. For example, if you counted 123 blue snow geese and 369 white ones in a population of 492 geese, the frequency of the blue phenotype would be 123/492 or 0.25, and the frequency of the white phenotype would be 396/492 o 0.75.

Sources of phenotypic variation, and which of these is/are heritable
· Phenotypic Variation:  Differences in appearance or function among individuals of a population; present in all populations even if the members look pretty much alike 
· Phenotypic variation results from differences between individual’s genetics, environmental factors, or by an interaction between an individual’s genetics and the environment. 
· Just as organisms with different genotypes sometimes display the same phenotype, organisms with the same genotype sometimes exhibit different phenotypes due to environmental factors (ex. the acidity of soil influences flower colour in some plant)
· Only genetic variation is subject to evolutionary change, but it is the phenotype of an individual organism, rather than its genotype, that is successful or not; natural selection operates on the phenotype, not the genotype. And it operates on the whole phenotype, not just one gene at a time 

Meaning of directional, stabilizing, disruptive selection and how do these modes of selection affects phenotypic variation in a population?
· Natural selection operates on an organism’s phenotype. Biologists measure the effects of natural selection on phenotypic variation by recording changes in the mean and variability of characters over time.  
· The 3 different modes of natural selection are directional selection, stabilizing selection, and disruptive selection
· Directional selection: Shifts the average phenotype towards the end of the distribution favored by natural selection; occurs when individuals near one end of the phenotype spectrum have the highest relative fitness.  Usually increases or lowers the mean value and it may reduce variability. 
· Stabilizing selection: Favors the mean phenotype over extreme phenotypes. After selection has operated, the mean has not changed, but the variability among the individuals in the population has decreased.
· Disruptive Selection: Decreases the frequency of the mean phenotype but increases the frequency of extreme phenotypes; occurs when extreme phenotypes have higher relative fitness than intermediate phenotypes.  Often leaves the mean unchanged, but increases the variability of the population
[image: ]

General pathway of eukaryotic membrane protein production 
· Both genes for coding of separate proteins exist in nucleus 
·  Translated in rough ER and eventually reach cell surface as they are packaged in vesicles
· Vesicles attach to cell membrane  
· Gene expression is caused by behavior of the proteins the genes code for not the genes  themselves.  
General physiology of skin/hair pigmentation  
·  Pigmentation is localized within melanocytes  
· Pigment is produced and store within melanosomes, the type of pigment varies on the type of  melanosome.  
· Eumelanin is a Black Pigment colour and Pheomelanin is red-yellow pigment colour  
· Melanocytes transfer mature melanosomes to nearby cells called keratinocytes, which give skin  and hair their color  
Characteristics of dominant alleles 
· The allele that is expressed over a second allele at the same locus.  
·  Dominance is not inherent to an allele. It is a relationship between alleles; one allele can be dominant over a second allele, recessive to a third allele, and codominant to a fourth.  
· A Dominant allele does not inhibit the expression of the other allele (that is  epistasis), instead it masks the effects of the other allele.  
· Therefore, it can be said that a completely dominant allele in a heterozygote would be phenotypically undistinguishable from the homozygote.  
· Incomplete Dominance: When effects of a recessive allele are still visible in a phenotype.  
· The dominant trait is not dominant enough to completely mask the recessive/  produce a strong enough change in phenol type, resulting in another  phenotypic result, one that is neither of the two alleles   
Which allele in a heterozygote is dominant, given the biochemical mechanism of action of allele products? 
·  dominant allele is always considered to be in active state, or more active than the recessive allele, thus it will have a more distinguishable effect on the phenotype of an organism 
· Allele products of dominant allele either outcompete or ‘mask’ the effects of recessive allele, which is still producing its own gene product

Whether or not the dominance status of an allele affects its frequency over time in a population
·  It doesn’t if there is no selection in the given population. Allele frequencies remain constant unless evolution occurs.
· if there is selection, more common alleles will eventually replace the least common alleles

Factors that do, and do not, affect allele frequencies over time in a population.  􏰂 
· Any type of selection will change allele frequencies; thus, if no selection is present, allele frequencies will not change.
· Allele frequencies change during gene flow, and due to mutations (but there must be a very large amount of random mutations)
Do Affect: 􏰁 
· Any allele that confers a selective advantage. 
· Sexual Advantage: A phenotypically more appealing or sexually desirable allele would cause the individual to reproduce more giving greater possibility of passing on the trait.  
· Survival Advantage: When an allele has the ability to confer a survival advantage i.e camouflage, there is a higher chance the individual will breed and produce more offspring.  
· Fitness: I.E Huntington;s disease is a dominant allele that is not as present in a population given the fact that its expression results in decrease of an organism’s fitness and a reduced life expectancy and thus less of a chance of passing on its allele  􏰂 
Do Not Affect:  
· 􏰁 Dominance: Dominance does not always confer a selective advantage,  sometimes, as said above, they can create reduced life expectancy/sexual fitness. In addition, dominance may change the phenotypic expression of a population but the overall allele expression should remain fairly constant.  
·  Allele initial frequency: Assuming that an allele confers no selective advantage the initial levels of each allele in a given population do not impact the chance of a given allele to be passed on to and offspring, it is always important to remember that the chance of inheriting each allele is usually always 50% 
 Function of black, brown and red MC1R alleles as described in SimuText.  
[image: https://lh6.googleusercontent.com/NeNQ6cA9j0JFj9JvhOavElNbIIIchlwO_rm9i5bhzfykt7IL_u_w09RyHlnMsold9Fy4yMH4wuNk5W4zCgt9R4XkSA296B_qJT45pZpIkwoGCFHCEQ96ubuezyiVmtDJvA]
·  MCR 1 Modulation:  
· A protein called a Melanocortin 1 Receptor (MC1R) is embedded in the melanocyte's membrane.  
· When MC1R is activated, or "on", cyclic AMP (cAMP) levels in the cell are high, and the  melanocyte produces eumelanosomes.  
· Agouti Signalling Protein (ASP) released by nearby cells inactivates MC1R, and cAMP levels in  the cell fall. When cAMP levels are low enough, the cell produces pheomelanosomes.  
· When the signaling protein releases from the receptor, it switches from off to back on. cAMP once again increases.  



[bookmark: _GoBack]Explanation for spotted coat colour in pigs as described in SimuText
· The loss of function mutation in allele S is unstable. Back mutations can occur during mitosis that restore MC1R's ability to function, effectively turning an S allele back into a B allele. In other words, in a pig's body, cells with genotype SS sometimes divide to produce one SS daughter cell and one SB daughter cell. The SB cell subsequently divides to make more daughter cells that are also SB. Hence, a black spot is created!
- Pigs that develop from SS zygotes are thus genetic mosaics. Most of their cells have genotype SS, and they usually pass allele S to their offspring. But they have patches of SB cells. Skin composed of SS cells grows red fur. Skin composed of SB cells grows black fur. The resulting pig is red with many black spots.
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Figure 18.5 Three modes of natural selection

A hypothetical example using tail length of birds as the quantitative trait subject to selection.
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