Genetics – Spring 2011
Exam 2 (Molecular Genetics – How genes become traits)
The answers on this exam are to be the product of my own thought and work.  I may consult books, websites, articles, and other published materials for background information on the questions, but I may not work with other people while answering the questions.  When I consult an outside source I am expected to provide a citation.  I am expected to not see another student’s (past or present) exam answers, allow other students to see my answers, nor discuss actual answers with other students (past or present).  This exam is due on 14 April 2011 at 4:00 p.m. and late exams will not be accepted.
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1.  Nucleic acid molecules have been isolated from seven types of viruses.  The base composition of these molecules has been analyzed and the findings are presented in the following table.  In some instances only a limited amount of information is available regarding the composition of the nucleic acid.  A “-“ indicates that no data are available in that particular instance.  Data are given in terms of the percentage of total base composition.  Identify the type of nucleic acid found in each of the seven viruses.  Also indicate, if possible, whether each molecule is single-stranded or double-stranded. (7 pts.)
	
	Virus Type

	Base
	1
	2
	3
	4
	5
	6
	7

	A
	12
	-
	20
	18
	-
	26
	23

	T
	12
	18
	0
	26
	-
	0
	18

	C
	38
	-
	30
	26
	-
	24
	28

	G
	38
	-
	30
	30
	-
	26
	-

	U
	0
	-
	20
	0
	33
	24
	-

	Type
	
	
	
	
	
	
	

	SS/DS/?
	
	
	
	
	
	
	


2.  Draw any DNA nucleotide and identify which nucleotide you are drawing.  Identify the two types of bonds this nucleotide will likely form and where those bonds will be formed. (8 pts.)
3.  Compare eukaryotic replication bubbles with eukaryotic transcription bubbles.  What are the points called where the processes begin?  What are the units of replication and transcription called?  How do the bubbles move or grow?  What direction to they move or grow in?  What proteins are involved?  What products come from each of these processes?  You probably want to include diagrams of each with some labeling and explanation.  (14 pts.)
4.  Prokaryotes can have (theta) or  (sigma) replication.  We know that bidirectional () replication involves both leading and lagging strands since eukaryotes also have bidirectional replication.  Does unidirectional () replication also involve leading and lagging strands?  Explain your answer. (6 pts.)
5.  You have isolated an animal gene for a protein hormone that you want to engineer.  You plan to insert this gene into E. coli and have the bacteria produce the enzyme.

What problems might you expect with the promoter? (4 pts.)

After fixing the problem with the promoter, E. coli produces mRNA from the gene.  But, you discover that the mRNA produced by E. coli is nearly twice as long as the mRNA produced from this gene in the original animal.  Why?  (4 pts.)

6.  The following is a prokaryotic gene:
5’ TAATCCGTAATGGGCTATGCATGCGAATATTTCGACGAGTTGCCCACTGGCATGATCTATTATAA 3’
3’ ATTAGGCATTACCCGATACGTACGCTTATAAAGCTGCTCAACGGGTGACCGTACTAGATAATATT 5’

Work this strand through transcription and translation to determine the amino acid order of the polypeptide that will be produced. (9 pts.)
7. Toxins and poisons cause damage to us by affecting cell functions.  Some inhibit cell signaling, especially those that are neurotoxins (e.g., botulism).  Some inhibit cellular respiration, starving cells of energy (e.g., cyanide).  Others interrupt protein synthesis, usually translation.  Find two examples of toxins/poisons that affect eukaryotic cells by interfering with the translation process of protein synthesis and briefly explain how they interfere with translation. (10 pts.)
8.  Bacteria of the genus Ascidenscia can be free living or can live in a symbiotic relationship inside the gut of a family of sea squirts.  When they live in symbiosis, the bacteria produce a protein capsule that protects them from being degraded in digestion.  
The protein capsule components are produced by an operon that contains three genes.  When the bacterium lives symbiotically with the sea squirt, vanadium, which is extracted from the sea water and concentrated by sea squirts, binds to a regulatory protein in the bacterium, causing the regulatory protein normally bound to the operon to be removed, leading to transcription of the genes to make the protein capsule.

This described regulation is which of the following? (2 pts.)

positive & inducible
 positive & repressible

negative & inducible

negative & repressible

What is the inducer or repressor molecule? (1 pt.) _______________________________
Using a diagram and explanation, show what is happening with this operon. (6 pts.)
9.  The Tangier Island Gene section of When a Gene Makes you Smell Like a Fish describes genes involved in the formation of HDL (“good” cholesterol) particles.  It requires both the expression of the ABCA1 gene (which transports cholesterol out of the cell to its surface) and the expression of the apoA1 gene (which makes apolipoprotein A1, needed to turn the cholesterol into HDL cholesterol).  Chiu’s chapter on this process includes a description of gene regulation that is occurring.  Identify and describe two examples of gene regulation that she discusses related to this disorder. (6 pts.)

10.   Chiu’s book. When a Gene Makes you Smell Like a Fish, includes many examples of mutations.  Choose three examples of different kinds of mutations from the book that are well described (i.e., researchers know a lot about the mutation) and explain what kind of mutation each is, in as specific and precise terms as possible.  (DO NOT quote from the book.  This should be in your own words.) (10 pts.)

11.  Unlike most organisms, some bacteria can synthesize vitamin B12, which is necessary for growth in all organisms.  Bacteria that are mutant for one of a few genes cannot synthesize the vitamin from scratch but can convert one or more related compounds into the vitamin.  Mutation of the gene bmm results in bacteria that have to be supplemented with B12.  Mutation of the gene bpb results in bacteria that can grow when supplemented with cobinamide, cobyrinate, porphobilinogen, or B12.  Mutation of bcd gene results in bacteria that can grow when supplemented with cobinamide or B12.  Mutation of the bct gene results in bacteria that can grow when supplemented with cobinamide, cobyrinate, or B12.  What is the pathway for vitamin B12 synthesis?  Starting with the “metabolic precursor” show all intermediate molecules and the gene responsible for their conversions. (7 pts.)
12.  Different sequences of genes on chromosome 7 exist in five different strains of Zea mays.  The sequences are:

Strain 1:
dt
yg
bz
sh
cn
bp
wx


Strain 2:
dt
bp
cn
yg
bz
sh
wx


Strain 3:
dt
yg
cn
bp
bz
sh
wx


Strain 4:
dt
yg
cn
sh
bz
bp
wx


Strain 5:
dt
bp
cn
wx
sh
bz
yg

If Strain 1 is the ancestral strain, indicate the sequence in which these five strains evolved and identify which inversion lead to each strain. (6 pts.)








































































-10























