Replication Questions

1.
What is semiconservative replication?

2.
Consider a culture of E. coli cells grown for many generations in a 15N-containing medium.  The cells are washed and transferred to a 14N-containing medium.  After exactly two chromosome replications in the second medium, the DNA is extracted without any breakage whatsoever.  What density classes would result in what proportions?  

3.
Are highly repetitive sequences more likely to be found in euchromatin or heterochromatin?

4. How many (a) chromosomes, (b) chromatids, and (c) DNA molecules are in Figure 1?
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Fig. 1  Human metaphase chromosomes arranged by size.

5.
Based on the function of linker histones (H1), why do you think they vary among species more than other types of histones?

6.
According to Chargaff (1950, Experientia 6:201-209), the proportion of adenine in human DNA is about 30%.  What are the proportions of the other three nucleotides?

7.
At one point Watson proposed a model in which like bases paired with like (i.e., C-C, T-T, G-G and A-A).  



a.
Describe why this model fails to explain Chargaff’s data.  




b.
Since X-ray crystallography data indicate that the DNA helix is of 



uniform width, what additional problem does this model have?
Answers to Replication Questions

1.
In semiconservative replication, the original two strands of the double helix serve as templates for new stands of DNA.  When replication is complete, two double-stranded DNA molecules will be present.  Each will consist of one original parent stand and one newly-synthesized daughter stand that is complementary to the parent.

2.
Because of semiconservative replication, equal amounts of 14N14N and 14N15N would be expected.

3.
Euchromatin is the portion of the chromatin that contains the genes; it consists mostly of unique DNA sequences.  Repetitive DNA is found mostly within heterochromatin.

4.
Each of the chromosomes in the karyotype is duplicated and contains two sister chromatids, each of which contains one DNA molecule.  Therefore, (a) the number of chromosomes in the photograph is 46, (b) the number of chromatids is 92, twice the number of chromosomes, and (c) the number of DNA molecules equals the number of chromatids, which is 92.

5.
Linker histones are not part of the central core of histones in a nucleosome and are, therefore, not as important in the formation of nucleosome structure.  Mutations in the genes that encode the histones in the central core can alter nucleosome structure in the entire genome, which could have serious consequences.  So, we expect natural selection to conserve nucleosome structure and, in doing, conserve the DNA sequences of those genes that encode the histones in the central core.  Linker histones apparently tie the nucleosomes together in the solenoid, and the ways that they do this may vary.  So, greater variation is possible in linker histones, and the nucleotide sequences of genes that encode linker histones are not as highly conserved throughout evolution as the sequences of genes that encode the core histones.

6.
If the molar concentration of adenine is 30% in human DNA, then the molar concentration of thymine should also be 30%.  The remaining 40% must consist of guanine and cytosine, which are also equal to one another in molar concentration, so the concentration of each must be 20%.

7.
a.
In such a DNA double helix, the concentration of C would not necessarily 
equal the concentration of G.  The same would be true for the relative 
concentrations of A and T.  Chargaff showed that C = G and A = T.  


b.
Pyrimidines (C and T) are smaller than purines, so C-C and T-T pairs would 
be narrower than A-A and G-G pairs.  This kind of pairing would 
produce a non-uniform diameter along the double helix, which is contrary 
to the observations obtained by Franklin using X-ray crystallography analysis.
