Lecture 22
I. Mutations

a. All DNA subject to mutation

i. Change in phenotype can be selected through natural selection

ii. Drift: no change in phenotype, but fixed by DNA polymerase

b. Major changes of genes and their causes

i. Structure of gene (one cell ( two cells)

1. Site in gene: coding

2. Resulting change in phenotype: new protein, or no protein

3. Or site: regulatory region

4. Resulting change: unregulated protein (all on or all off)

ii. Regulating gene

1. Site: coding

2. Change: sets of genes unregulated or reregulated (turned on or off)

3. Site: regulatory

4. Change: sets of genes unregulated

iii. Essential genes

1. DNA polymerase

2. Site: coding

3. Change: mutations in all genes

4. Site: regulatory

5. Change: failure of cell cycle

6. RNA polymerase

7. Site: coding

8. Change: errors in all proteins

9. Site: regulatory

10. Change: failure of cell cycle

iv. What if the result in the mutation is  no change in phenotype?

1. Genetic individuality

2. Preadaptation for further mutation that will eventually change phenotype by natural selection

3. DNA variation need not immediately affect phenotype

c. Rates of mutation are greater than rates of phenotypic variation
i. Example: 3rd base in coding region can drift without change in amino acid sequence

ii. Space between start of transcription and start of translation can drift

iii. Introns can drift

d. Natural Selection: mutation rate can be selected for optimal phenotypic variation

i. <1 change in phenotype/gamete

ii. <10-6 change in phenotype/gene in gamete

iii. <10-10 change in base pairs/genome

e. Why not a zero mutation rate?

i. Strategy is to make non-base pair erros and then fix them

ii. Risk of fix ( new base pair

iii. Repair enzyme and polymerase cannot be perfect ( noise

iv. << change in phenotype ( no survivors if environemnt is changing quickly, no preadaptive variation

II. New Sequences by Recombination

a. Idea we already came across: recombination between chromatids in prophase I of meiosis

i. Can be thought of as similar to mutation

b. New concept: non-reciprocal recombination

i. No DNA exchange between chromatids

ii. Net insertion or deletion

iii. “Gene transfer” in nature

c. Prokaryotes

i. Genome is a circle

ii. Bacterial DNA repair includes enzyme that will resolve conflict when a set repeats ( >1 Watson-Crick double stranded DNA

iii. Diagram

iv. Enzyme sees ambiguous 4 strand region and cuts strand to resolve tangle

v. Note: non-reciprocal recombination does not result in two copies or two chromatids, the result is one DNA circle becoming two circles (one big and one small), both are unique sets except for the repeated part
vi. This process can run backwards as well

vii. Integration of plasmid into genome

d. Implications
i. All unique sequences between repeats are mobile by plasmid excision

ii. If unique sequence contains origin, plasmid can be autonomous

iii. If it can get to another individual, it can become infectious

iv. If it can get to another individual with same sequence repeat, it can be transforming by integration

e. Infectious

i. Plasmid of genes form places for it to transfer itself to another bacterium ( the F factor

ii. F+ to F-

iii. Source of hospital abiotic resistance, plasmid has R and F+ genes, spreads through a hospital

iv. If plasmid is integrated into whole genome or chromosome of F+. can become F-

f. Bacterial sex

i. Transposition

1. If sequence is repeated and inverted, it will be copied and copy will excise and insert somewhere else at random

2. Diagram

g. Implication of non-reciprocal recombination
i. Genome is never stable

ii. Insertion can become a mutation, a recessive loss of function

iii. Selfish DNA ( can be replicated, but is not necessarily subject to selection, cannot be gotten rid of

iv. Natural selection filter between absent between each gene

v. Virus ( excised sequence origin and enzyme for its replication and protein, results in a capsid

vi. Integrating virus vs replicating virus

vii. Pathogen: adenovirus

1. Discussion in class

2. HIV

3. Cancer and its causes

III. Example of non-reciprocal recombination
a. Change in phenotype in an unexpected way

b. Virus can excise and pick up cellular regulatory gene

i. Product activates cell cycle directly or stops activity of cell cycle repression

ii. Ex: Gene for mutant version of hormone receptor will make T cell, it is always under pressure of growth hormone and cell will continue to grow

c. Why? Parasitic sequence that replicates itself is forcing cell DNA to replicate after integration

i. Disease: cancer ( somatic tissue proliferation as clone from one cell, consequence of integrated DNA gaining selective advantage over host DNA

d. Mismatch and mismatch repair can both generate new sequence ( mutation

i. Ex: UV light, diagram in class

