Problem Set 4 – Gene Regulation & Mutations

1.  State the function of each of the following DNA regions in the operation of the E. coli lac operon:  promoter region, regulator gene, and operator.  Which of these DNA regions codes for a polypeptide product?  Draw the organization of these regions in their physical relation to each other.
(16.1)
2.  Another operon subject to negative regulation, similar to the lac operon, is found in some bacteria that results in an enzyme that breaks down fructose.  Among others, the operon includes the loci: s (the operator) and t (the structural gene producing the enzyme that breaks down fructose), and before the operon is the locus u (the regulatory gene).  Each locus has both wild-type alleles (+) that result in normal function and mutant alleles (-) that inhibit proper function.  For each of the following genotypes, indicate if the production of the structural gene is produced both in the presence and absence of fructose (the inducer).

a.  s+t+u+
b.  s-t+u+
c.  s+t-u+

d.  s+t+u-
(16.6; 16.9)
3.  A mutation occurs at the operator site that prevents the regulator protein from binding.  What effect will this mutation have on the following types of operons?
a.  An operon where regulatory protein binding represses the operon function (i.e., negative regulation).

b.  An operon where regulatory protein binding induces the operon function (i.e., positive regulation).

(16.3; 16.10)
4.  Researchers have described the action of a transcriptional regulator molecule (Net).  Under neutral conditions, Net inhibits transcription of target genes. When phosphorylated, Net stimulates transcription of target genes.  When stress conditions exist in a cell (e.g., from UV light or heat shock), Net is excluded from the nucleus and target genes are transcribed.


a.  Is Net an activator or repressor?


b.  Explain how phosphorylation and stress conditions likely affect the action of Net.

(17.5; 17.11)
5.  Explain how histone proteins are involved in eukaryotic gene regulation.

6.  Researchers estimate that approximately 15% of disease-causing mutations involve errors in alternative splicing.  However, there is at least one instance where an exon deletion seems to restore function.  A deletion of exon 45 in the dystrophin gene is the most frequent cause of DMD (Duchenne muscular dystrophy), but some individuals with Becker muscular dystrophy (BMD), which is a milder form of muscular dystrophy, have deletions of both exons 45 and 46.  Knowing that deletions can cause frameshift mutations, provide a possible explanation for the enhanced production of dystrophin in people with BMD.
(17.13; 19.13)
7.  The mutagen hydroxylamine causes only G•C→A•T transitions in DNA.  Can hydroxylamine produce nonsense mutations?  If it cannot, why not?  If it can, how?
(19.5; 19.8)
8.  A gene in a haploid organism produces an mRNA transcript containing a section with three adjacent codons that are identical and that code for leucine.  Sequencing mRNA from the same gene following exposure of the organism to a mutagenic chemical indicates that codons at these three sites now code for tryptophan, serine, and leucine.  Assume that the mutations that occurred were single-base substitutions.  What was the makeup of the codons present in the original mRNA?

(19.6; 19.10; 19.11; 19.12)
9.  A nucleotide is deleted from a strand of mRNA during transcription in a eukaryotic organism.  Does this deletion qualify as a mutation?  Why or why not?

(19.1)

10.  The insertion of transposable elements into genes can alter the normal pattern of expression.  In the following situations, describe the possible consequences on gene expression.


a.  A LINE inserts into an enhancer of a human gene.


b.  A transposon contains a binding site for a transcriptional repressor and inserts adjacent to a promoter.


c.  An Alu element inserts into the 3’ splice site of an intron.

(20.3)
11.  Differentiation between the following types of mutations.

a.  transitions & transversions        
b.  silent & neutral mutations

c.  missense & nonsense mutations
(19.5)
12.  Dogs have a diploid number of 76.  Identify the number of chromosomes that would be expected in the cell of a dog that is
a.  a monosomic.


b.  a trisomic.



c.  an inversion carrier.


d.  a translocation carrier.


e.  a deletion carrier.



f.  a nullisomic.


g.  a tetraploid.

(21.14; 21.15; 21.16)
13.  In 1928, the Russian geneticist Karpechenko crossed a radish (2n=18) with a cabbage (2n=18) and the progeny were sterile.  Through somatic doubling, some plants with a chromosome number of 36 were formed.  Crossing them produced fertile offspring.
a.  What is the likely reason for the F1 plants being sterile?


b.  Why were the plants with a chromosome number of 36 most likely able to produce fertile offspring?


c.  When the plants with a chromosome number of 36 were crossed with either of the original parents, 

sterile offspring were produced.  Why do you think these offspring were sterile?

(21.8; 21.12; 21.20; 21.24; 21.25)
14.  The normal sequence of nine genes on a certain Drosophila chromosome is 123•456789 where the dot represents the centromere.  Some fruit flies were found to have aberrant chromosomes.  For each of the following chromosome aberrations below, name the type of chromosomal rearrangement that has occurred.


a. 123•476589

b. 123•46789

c. 1654•32789

d.  123•4566789

(21.1; 21.2)
15.  The sequence below corresponds to the first 15 bases of the reading frame of a particular gene:



5’
ATG
CTA

AAA
ATC

TTC
. . . 

For each of the following mutant sequences, identify if the mutation represented is a transition, transversion, insertion or deletion.  Also, identify whether the mutation is missense, nonsense, silent, or frame-shift.


a.  
5’
ATG
CTA

AAG
ATC

TTC
. . .


b.
5’
ATG
CTA

TAA
ATC

TTC
. . .


c.
5’
ATG
CTA

AAA
AAT
CTT
. . .


d.
5’
ATG
CGA
AAA
ATC

TTC
. . .

