Chapter 9: Genetic Variation

Prior three chapters have looked at 

6. DNA

7. DNA to protein 

8. Chromosomes and Gene Regulation. , 

With only a modest discussion of variability (e.g. mutation.)  

But genetic variability is extremely important in the creatures “Genome:” 

From single nucleotide variability to genetic diversity and the creation of evolutionary trees… DNA’s replication is good, but can’t be perfect.  If so evolution would cease to occur. 




Two primary sources of all genetic variation: mutation and recombination.

Primarily look at: 

A. Prokaryotic and their overlap with genetic engineering/viruses

B.  eukaryotic systems, meiosis and genetic recombination 



E.coli  Why study? 

1. Ease of culture  2. Phenomenal growth  3. Modest genome  

4. etc from CH # 1 but most significant haploid genome so mutation are readily apparent. 

The genome is 4.6 million BP long (recall that DNA polymerase’ mistake rate is 

1. (1/109) so 1/500 is a mutant.  Plate streaks can yield colonies and quite possibly one lineage in a petri dish will be mutant, but how to identify? Fig. 9.2
2. Induce more mutations (UV, EtBr) 

2. Grow on various media, and look for viability (e.g. antibiotic resistance.) 
Do the math for the assertion that 1/500 is a mutant. 



Assume 20-minute replication time.  Each replication bubble has 4 polymerases with rate of 500 bases per  second each . How many bubbles are there?  Name three factors that would make actual rate of DNA replication slower.

The process of inducing mutations and selecting for them (by using antibiotics) shows

A: Genetic variation  B. Natural Selection (all in a petri dish!)

In addition to intrinsic mutation, bacteria can attain greater diversity via uptake of DNA: 

· Fertility plasmid (F plasmid): pili to bridge and rolling circle
· Novel plasmid with portion of original genome integrated. 

· Transformation: rare and often not functional as “naked DNA (w/out protective proteins) is often damaged.  But…. Commonly used in lab and is known as:   genetic engineering. Fig. 9.5



Crossing over:  Results in genetic variation with no “mutation.” 

Or uptake of DNA through any of the above mentioned three vectors.

3 types seen: Fig. 9.9, 9.13

1. Single cross over (swap of whole portion of chromosomes between analogous pairs).

2. Single cross over and plasmid or genome integration

3. Multiple crossover. 
Diagram: 

1. 

2

3. 



All three of above are seen in eukaryotes a, crossing over in interphase  

b. viral vector (a portion of host’s DNA can be integrated  (see below) 

c. mapping.  

Transduction: Transfer of DNA via a viral intermediate….

Lytic vs. lysogenic (prophage):  Lytic: infect, hijack and viruses are produced. 

Lysogenic: Infect, integrate, propagate (via hosts replication), stimuli, lytic pathway and viruses are produced.  

While in lysogenic phase, phage viral DNA is in host and is called prophage.  If excision is incorrect, some of the host’s DNA is incorporated into the phage’s  genome. Propagation gets this genome into next host, and wala!   DNA is transferred!  

Fig. 9.15, 9.16

Diagram of lytic life cycle:

Diagram of lysogenic life cycle:  

Linked?      

Transposable elements (Transposons  or TE for short.) 
A genetic element that can insert itself elsewhere in genome (simple form of recombination.) 

A) either insert from one location to another OR 

B) replicates and inserts copy into another location. 

List three ways that a TE could affect  gene expression.  Be very specific.


 Diagram A

Diagram B

1. 

2. 

3. 

Eukaryotic genome excess: Why?  Energetically OK and DNA duplication is raw material for evolution. 

Anyone care to explain this idea? 

Sources of Genetic variation: 

1. Random duplication: families of proteins: Hemoglobins/O2 affinity issues, actin/myosin (fast vs. slow twitch.) 

Introns provide a large section for crossing over to occur (with no initial damage to genes)  allows for “exon shuffling” Fig. 9.21 60,000 proteins in humans arose from exon shuffling of 2-3 thousands genes. 

2. Non coding sequences: a. satellites and VNTRs (highly repetitive short seq.(i.e. ATCATCATC etc.) at one end o continuum. 

3. Retro-transposons: DNA donor---( RNA----RT-( DNA---insertion.  

      (Alu inserts.)


1. Diagram Intron cross over

2. Compare contrast Sat/VNTR

3. What controls the arrows? 

Alu inserts, VNTRs are good/quick for DNA markers. Why?  Why not micro-satellites?  

1. can be seen with electrophoresis ( DNA sequences can not always be seen as easily as in microsatellite/) 

2. not genetic, so innocuous

3. since not genetic, highly variable. 

4. can be site for crossing over (since intron like in nature) adding to variability. 

Omit virus section from 297-303

Sexual reproduction: Sources of variation (aside from mutation, 1,2,3) 

Meiosis results in shuffling (1. independent assortment).   Assume each chromosome has a different allele (so all are heterozygous), so possible differences are 223.   Or 2N when N is # of chromosome pairs. Prove this to yourself with a N=3……. (fig 9.36)  

Interphase of meiosis 1 there is also 2. crossing over. Recall cross over maps. 

Chiasmata  (AKA crossing over) usually occurs at least once per chromosome. Fig. 9.34

3. The gamete lottery

Diagram how 1,2,3 can result in variation..

