Mutation Questions

1.
The codon for the amino acid cysteine is UGC.


a.
How many different codons can result from a single-base substitution in DNA coding for the cysteine codon?  

b. Classify each of the above as silent, missense or nonsense.

2.
What is the minimum number of single-nucleotide substitutions that would be necessary for each of the following amino acid replacements?

a. Trp(Lys

b. Tyr(Gly

c. Met(His

d. Trp(Cys

3.
A population of 1 X 106 bacterial cells undergoes one round of DNA replication and cell division.  The forward mutation rate of a gene is 1 X 10-6 per replication.  What is the expected number of mutant cells after cell division?

4.
Distinguish between loss-of-function mutations and gain-of-function mutations.  Why are loss-of-function mutations more frequent than gain-of-function mutations?

5.
Distinguish between forward mutations and reversions.  Which forward mutation would be more likely to undergo a reversion, a transition or a transversion?  Explain.

6.
Insertion and deletion mutations often have a greater deleterious effect than single-nucleotide substitutions.  

a. Explain why this is so.

b. Why are insertions and deletions more likely to undergo reversion than substitutions?

7.
Give an example of a cellular mechanism that protects DNA from the effects of ionizing radiation before DNA damage occurs.

8.
Suppose a mutation in E. coli altered the gene for adenine methylase so that the enzyme was no longer functional.  How would this affect DNA repair?

Mutation Questions  Answers

1.
a.
There are nine different mutant codons:  1) UGC(CGC (Arg)  2) UGC(AGC (Ser)  3) UGC(GGC (Gly)  4) UGC(UUC (Phe)  5) UGC(UCC (Ser)  6) UGC(UAC (Tyr)  7) UGC(UGU (Cys)  8) UGC(UGA Stop  9) UGC(UGG (Trp) 

b. Number 7 is silent; number 8 is nonsense (termination codon), and the rest are missense.

2.
a.
2


b.
2

c. 3

d. 1

3.
There are 1 X 106 replications and a rate of mutation of 1 X 10-6 new mutations per replication, so the expected number of new mutants is (1 X 106) X (1 X 10-6) = 1.

4.
A loss-of-function mutation is a mutation that causes a decrease or complete loss of functional product encoded by the mutant gene.  A mutation that causes an alteration in the amino acid sequence of a polypeptide usually causes the polypeptide to lose its function (i.e., loss-of-function mutation).  Mutations that alter promoter sequences usually eliminate or reduce transcription, also a loss-of-function mutation.  Also, mutations that alter intron removal usually eliminate a gene’s function.  More rarely, a mutation may cause a gene to produce more functional product when compared to the gene’s previous state.  These are called gain-of-function mutations.  Gain-of-function mutations usually alter regulatory regions upstream from a gene that are responsible for reducing transcription.  Although gain-of-function mutations are more rare than loss-of-function mutations, they are very important.  Many of the mutations that contribute to development of cancer are gain-of-function mutations in genes that regulate cell growth and division. 

5.
A forward mutation is a change from the original sequence of a gene to a mutant sequence.  Most forward mutations are loss-of-function mutations.  A reversion is a change from the mutant function of a gene back to its original function.  Reversions often consist of a change from a mutant DNA sequence back to the original DNA sequence, restoring the original form of the gene and its product.  A transition is more likely to revert to its original form than a transversion.  Transitions are also more common than transversions.  So, a mutation, regardless of how it arose, is more likely to be altered by a transition than a transversion.  A mutation that arose by transition reverts back to its original form when it undergoes a second transition.  However, a transversion does not revert back to its original form when it undergoes a transition.

6.
Insertion and deletion mutations in the reading frame for a polypeptide that are not multiples of three nucleotides shift the reading frame for all codons downstream from the mutation, altering the amino acids translated from that point on.  Most single-nucleotide substitutions, if they have an effect, alter only one amino acid in the polypeptide.  Because insertions and deletions affect a larger proportion of the amino acids, they tend to have a greater deleterious effect than substitutions.

7.
Ionizing radiation causes free radicals to form, which, in turn, damages DNA.  The two enzyme system of superoxide dismutase and catalase eliminates free radicals before they can damage DNA.

8.
Postreplication DNA repair would be affected.  There would be a failure to recognize errors in the newly synthesized strand and repair them because the newly synthesized strand could not be distinguished from the template strand by the mismatch repair system (see “The fidelity of DNA replication” in Section 3 lecture notes; scroll down to page 6).

