Genetics Lecture 15
Evolutionary Genetics
What is evolution?  What does it have to do with genetics?

*Three Requirements for Natural Selection


but more commonly think of speciation

What is a species? essentially a gene pool


How do we get new species?



Reproductive Isolation – can begin with races (dog breeds)




*Pre-zygotic vs. Post-zygotic methods – before or after fertilization





Post-zygotic:  often caused by differences in chromosomes 



*human evolution – fusion of two so chimps, gorillas, and orangutans all have 48




what do these chromosomal changes mean for the offspring?





genes carried on chromosomes so different they cannot work together






hybrid inviability – embryological development arrested





ability to develop, pairing there are problems (no meiosis = no gametes)





hybrid sterility – makes it to adulthood, but not reproductive (mules) 64/62 - 63
When pre-zygotic occurs first, speciation is often gradual with large and lasting zones of hybridization

When post-zygotic occurs first = quantum speciation (punctuated equilibrium), few generations


polyploidy – hybrids from two different parent species

Molecular Evolution


once gene flow is disrupted by any of the methods above, genomes continue to diverge



to compare a gene, look at variation of nucleotide sequences between species and compare to 




variation within each species


began with AA sequencing – human and chimp hemoglobin is identical in AA sequence




gorillas differ in one AA in one subunit




humans from cows – 17 in one, 24 in other subunit

silent mutations can’t be seen in protein analyses


no change to AA, noncoding regions, etc. – need to look at DNA for finer comparisons




these mutations can be selectively neutral and may give a better estimate
Molecular Phylogenies


reconstructing evolutionary relationships based on molecular similarities


*generates a tree showing relationships 

trees can be constructed using sequence data for some DNA region

whole genome comparisons would be best


possible for some bacteria now

impossible (currently) for nearly all species 


*instead, find homologous regions and align sequences


find nucleotide substitutions, deletions, insertions


*tree based on differences and similarities, iterations (bootstrap values)

*how to construct a tree with groups (can use AA or nucleotide sequences)


there are other approaches to constructing trees besides UPGMA (NJ, Max Pars)


operate under similar principles, UPGMA is basis and easiest
Molecular Clocks

*plots of AA and NA sequence changes show linear development with time

compare to fossil record to calibrate (need to know a few dates)


rate depends on type of protein, how much selection removes mutants



what kind of protein would you use in different comparisons?




for even finer comparisons, you need more resolution – DNA level

*rate is different for different DNA regions (coding vs. non) and even among genes

also between species (generation time, fecundity, etc.)

why would synonymous exon mutation rate be high? 

why would pseudogene mutation rate be high?

how do they become variable? (not Lamarckian)



*calculating rates - # changes/site/year



once rate is found, if stable among species can be used to determine divergence times



if rate is 6 x 10-7 changes/site/year in a gene with 6000 nucleotides and two species 

diverged 50,000 years ago, how many differences? 180

Watch Units!

*once clock is established for a protein or DNA region, used to calibrate phylogenetic trees


because clock can run differently for the same region for different species, best to use 

multiple markers/regions


also best to have an outgroup (Atlantic vs. different types of Pacific)

























