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INSTRUCTIONS

This Test paper is composed of 40 equally weighted questions covering 17 sides (excl. cover). Please ensure that it is complete.
Although there are no deliberate “tricks” on this paper there is ample opportunity to make careless oversights; READ THE QUESTIONS CAREFULLY.

Answers will be subject to computerized matching analysis to detect cheating.
Since it is impossible to provide equal access to instructors during the Test, proctors will NOT answer questions of interpretation. 

All answers must be recorded on the Scantron sheets within the 3 hour time limit.

1 .  Fill in your NAME at the top of the scantron sheet and the exam paper

2.  STUDENT NUMBER -    Print the digits of your student number in the squares provided.

Mark the corresponding bubble in the column below each printed digit.

3.   SECTION AND ANSWER SHEET - Leave these areas blank.

4. In the EXAM CODE section enter 111
4  Mark one choice from the alternatives provided for each question.

5. Wrong answers will not cancel correct answers. Part marks may be available.
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6. Submit your test paper and the Scantron sheet SEPARATELY. 

1.  White Leghorn chickens are homozygous for a dominant allele, C, of a gene responsible for coloured feathers, and also for a dominant allele, I, of an independently segregating gene that prevents the expression of C.  The White Wyandotte breed, on the other hand,  is homozygous recessive for both genes, ccii.  A White Leghorn chicken is mated to a White Wyandotte chicken resulting in progeny that are 100% white.  If two of these white offspring are themselves mated, what proportion of their progeny would be expected to have coloured feathers?

A.  None

B.   All

C.  9/16

D.  1/16

E.   3/16

2.  An enhancer element consists of a series of 6 identical binding sites.  Each site is capable of binding one of two distinct trans-acting factors.  How much information (in bits) could this enhancer element transmit to the basal transcriptional machinery (i.e. with respect to trans-acting factor binding, how much uncertainty exists within the enhancer)?
A.  6 x log2(2) bits

B.  6 x log2(3) bits

C.  3 x log2(6) bits

D.  2 x log6(3) bits

E.  Cannot be determined from the information given.

3.  Which of the following statements regarding double stranded DNA is true?  (Each letter in statements i), ii) and v) is used to refer to the concentration of that base in the DNA molecule).
i) T+G=A+C

ii) A=T within each single strand of the double helix

iii) Z-DNA is a left-handed helix

iv) B-DNA is biologically irrelevant

v) G/C=1

A.  All are true
B.  All are false

C.  Only i) and ii) are true

D.  Only ii) and iii) are true

E.  Only i), iii), and v) are true

4.  The polypeptide products of two different genes, A, and B, each function as transcription factors.  These polypeptides interact to form dimers:  AA homodimers, BB homodimers, and AB heterodimers.  The A gene product can help activate the transcription of gene X if it binds an enhancer element as a homodimer.  AB heterodimers, and BB homodimers are able to bind to the same enhancer element, but cannot activate transcription.  If the promoter of the B gene were mutated so that the TATA box was removed, what effect would this mutation have on the transcription of gene X.

A.  It would have no effect on the transcript levels of gene X.

B.  The transcript levels of gene X would increase.

C.  The transcript levels of gene X would decrease.

D.  The transcription of gene X would become constitutive.

E.  The transcription of gene X would become inducible.

5.  Treatment with strong alkaline chemicals such as NaOH destroys both protein and DNA.  In contrast, another chemical compound called phenol destroys protein, but not DNA.  In the transformation experiments with Streptococcus pneumoniae, what result would be expected if the S-strain extract had been treated with phenol?  What would be expected if the S-strain extract had been treated with NaOH?
A.   Phenol would destroy transforming activity; NaOH would not destroy transforming activity.
B.   Both phenol, and NaOH would destroy transforming activity.

C.   NaOH would destroy transforming activity; Phenol would not destroy transforming activity.

D.   Neither phenol or NaOH would destroy transforming activity.

E.   Cannot be determined with the information given.
6.  Which of the following four experimental results support the radial-loop scaffold model?

i)   DNA from histone depleted chromosomes remain attached to chromosomal scaffold.


ii)  Depletion of certain histone molecules converts the 30 nm fiber to a 10 nm fiber.


iii) Histone proteins possess a strong positive charge.


iv) Packaging into nucleosomes condenses DNA seven fold.

A.  All are supportive.

B.  None are supportive.

C.  Only i) is supportive.

D.  Only ii) and iii) are supportive.

E.  Only ii) and iv) are supportive.

7. The genes for beauty (B) and acting skill (AS) are both located on chromosome 7 in humans.  Angelina is heterozygous for both genes (B/b  AS/as) and the genes are arranged in trans.  Brad (oddly enough) is homozygous recessive for both genes.  During meiosis, a chiasmata is visible between genes B and AS in 12% of all meiotic cells.  What are Brad and Angelina’s chance of having a child that is both beautiful and has acting skill (phenotype  B, AS)?

A.  3%

B.  6%

C.  12%

D.  47%

E.  94%

8.  Nucleosomal chromatin with a diameter of 10 nm can supercoil into a 30 nm super helix.  Which histone(s) is/are primarily responsible for this compaction?
A.  Histones H4 and H3.

B.  Histone H1 only.

C.  Histones H2A and H2B.

D.  Histones H2b only.

E.  Histone H3 only.

9.  Which of the following statements regarding genomic structure is/are false?

i)  Genome size generally increases with developmental complexity.


ii) The number of genes in a genome generally increases with developmental complexity.


iii)  Gene density in a genome generally increases with developmental complexity.

iv)  Individual gene structure/architecture generally becomes more complex in more     developmentally complex organisms.
A.  All are false.

B.  None are false.

C.  Only i) and ii) are false.

D.  Only i) is false.

E.   Only iii) is false.

10.  Eukaryotic cells commonly regulate the levels of transcription of specific genes in part through                         :

A. complex enhancer elements that can associate with multiple activator and repressor proteins.

B. type I quenching by repressor proteins.

C. the removal of nucleosomes from the DNA molecule.

D. all of the above mechanisms are commonly used.

E. none of the mechanisms in A, B, or C are commonly used.

11.  The sequence of a mature mRNA is 5’-AUCAAAUGGACUUUG-3’.  What is the corresponding sequence of the Watson strand of the gene encoding this message?
A.  5’-ATCAAATGGACTTTG-3’

B.  3’-ATCAAATGGACTTTG-5’

C.  5’-TAGTTTACCTGAAAC-3’

D.  3’-TAGTTTACCTGAAAC-5’

E.  3’-AUCAAAUGGACUUUG-5’
12.  The regulatory region upstream of a eukaryotic gene is 3000 bp in length.  How many nucleosomes would need to be removed to give access to the relevant transcription factors?  How many molecules of histone H2B would have been present in the removed nucleosomes?

A.  25 nucleosomes; 50 molecules of histone H2B.

B.  15 nucleosomes; 15 molecules of histone H2B.

C.  10,000 nucleosomes; 100 molecules of histone H2B.

D.  15 nucleosomes; 30 molecules of histone H2B.

E.   30 nucleosomes; 30 molecules of histone H2B.

13.  In chickens, a condition referred to as “creeper” exists whereby the bird has very short legs and wings, and appears to be creeping when it walks.  If creepers are bred to normal chickens, one-half of the offspring are normal and one-half are creepers.  Creepers never breed true.  If bred together, they yield two-thirds creepers and one-third normal.  Propose an explanation for the inheritance of this condition?
A.  The trait is controlled by a single gene.  The mutant allele is incompletely penetrant.
B.  The trait is controlled by two genes.  The mutant alleles exhibit variable expressivity.

C.  The trait is controlled by single gene.  The mutant allele is recessive lethal.

D.  The trait is controlled by a single gene.  The mutant allele is dominant lethal.

E.  The trait is controlled by two genes.  The mutant alleles show recessive epistasis.

14.  A mutation in the Myc gene that eliminates the DNA binding domain would result in:

A. induction of cell proliferation genes.

B. repression of cell proliferation genes.

C. inability to form Myc-Max heterodimers.

D. inability to form Max-Max homodimers.

E. Both B and C.

15. You have created a strain of Drosophila that is homozygous for a mutation in a gene called cheapdate (Chpd), which causes homozygous null flies to have decreased alcohol tolerance.  To map the gene you first create a line of flies heterozygous for Chpd as well as for two marker genes on the same chromosome, and perform the following test cross:

Ry+/Ry-      Chpd+/Chpd-      Hw+/Hw-    x    Ry-/Ry-  Chpd-/Chpd-   Hw-/Hw-
The progeny phenotypes and their frequencies are: 

Hw- Ry+ Chpd +  

4290




Hw+ Ry- Chpd+

137

Hw- Ry- Chpd-

548







Hw+ Ry- Chpd-

4403

Hw- Ry+ Chpd-

162

Hw- Ry- Chpd+

2




Hw+ Ry+ Chp+

454

Hw+ Ry+ Chpd-

4

From this data you can conclude:

A.   Hw, Ry, and Chpd are in trans in all heterozygote progeny (offspring)

B.   Ry is in the middle and the distance from Ry to Hw is smaller than the distance from Ry to Chpd
C.   Chpd is in the middle and the distance from Chpd to Ry is smaller than the distance from Chpd to Hw

D.   Hw, Ry, and Chpd are linked

E.   More than one of the above (a to d) are true

16.  In pea plants, wild-type flowers display a purple colour phenotype.  A researcher wishes to discover mutations that abolish purple pigment deposition.  To this end the researcher isolates a total of four mutants (referred to hereafter as mutants 1 through 4) that have white flowers.  To determine how many genes are involved in pigment deposition the researcher performs a pair-wise series of complementation crosses.  In the table below a (-) sign indicates a cross between mutants where only white-flowered progeny are observed.  A (+) sign indicates a cross between mutants where only  purple flowered progeny are observed.  
	Mutant #
	1
	2
	3
	4

	1
	-
	-
	+
	+

	2
	
	-
	+
	+

	3
	
	
	-
	+

	4
	
	
	
	-


Based on the researcher’s results, how many genes are involved in purple pigment deposition?
A.  1 

B.  2

C.  3

D.  4

E.  5

17.  Which of the following four statements would be true with respect to a circular, double stranded DNA molecule storing positive superhelicity?


i)  the molecule is topologically constrained


ii) the molecule is in an energetically favourable state to allow strand separation


iii) the molecule contains negative supercoils


iv) the molecule is in an energetically favourable state to promote transcription

A.  All are true.

B.  None are true.

C. Only i) and ii) are true.

D. Only iv) is true.

E.  Only i) is true.

18.  Normal plant height in wheat requires the presence of either or both of two dominant alleles, A and B.  Plants homozygous for both recessive alleles (a b / a b) are dwarfed, but otherwise normal.  The two genes are in the same chromosome and recombine with a frequency of 16 percent.  From the cross A b / a B  X  a b / a b, what is the expected frequency of dwarfed plants among the progeny?
A.  4%
B.  8%

C.  16%

D.  0%

E.  100%

19.  Which of the following statements regarding the double strand break repair model of recombination are true.
i)  recombination is initiated by a single stranded break in one chromatid

ii) resolution of Holliday junctions in the same plane result in crossing over

iii) recombination events can occur anywhere along the DNA molecule

iv) resolution of Holliday junctions in different planes result in crossing over

v) branch migration can result in the creation of heteroduplex regions no greater than 2.5 kbp in length

A. 
only i) is correct

B.
only iii) and iv) are correct

C.
all are correct

D.
only i), ii), and iii) are correct

E.
none are correct

20.  Which of the following four statements regarding nucleosomes is/are false?


i)   They are comprised of both DNA and protein.


ii)   Packaging into nucleosomes condenses DNA over 10,000 fold.


iii)  A single nucleosome would contain one molecule of histone H2A.


iv)  A nucleosome has a diameter of 20 Angstroms.

A.  All are false.

B.  None are false.

C.  Only i) and iii) are false.

D.  Only ii) and iii) are false.

E.  Only ii), iii) and iv) are false
21.  In some plants a red pigment, cyanidin, is synthesized from a colourless precursor.  The addtion of a hydroxyl group (OH-) to the cyanidin molecule causes it to become purple.  In a cross between two randomly selected purple plants, the following results are obtained, 94 purple: 31 red: 43 white. Propose an explanation for the inheritance of colour in these plants?

A.  The trait is controlled by a single gene.  The mutant allele is incompletely penetrant.

B.  The trait is controlled by two genes.  The mutant alleles are dominant lethal.

C.  The trait is controlled by two genes.  The mutant alleles show recessive epistasis.

D.  The trait is controlled by two genes.  The mutant alleles show dominant epistasis (type I).

E.  The trait is controlled by a single gene.  The mutant allele shows dominant epistasis (type II).

22.  Mutations in the GAL4 gene in yeast abolish expression of the GAL1, GAL7, and GAL10 genes.  This genetic evidence suggests that the wild-type GAL4 gene product acts as a(n) 


A.  transcriptional silencer.

B.  promoter element.

C.  transcriptional activator 

D.  enhancer element.

E.   RNA polymerase.

23.   E. coli cells are grown in the presence of glucose and in the absence of lactose.  Predict the level of transcpritional activity from the lac operon, as well as the status of the lac repressor and the CRP protein under these conditions?

A.  Little or no transcriptional activity from the lac operon; CRP is not bound to the promoter; the lacI repressor is bound to the operator.

B.  Very high transcriptional activity from the lac operon;  CRP is bound to the promoter; the lacI  repressor is not bound to the operator.

C.  Little or no transcriptional activity from the lac operon; CRP is not bound to the promoter; the lacI repressor is not bound to the operator.

D.  Very high transcriptional activity from the lac operon; CRP is not bound to the promoter; the lacI repressor is bound to the operator.

E.  Little or no transcriptional activity from the lac operon; CRP is bound to the promoter; the lacI repressor is bound to the operator.
24.  A researcher is examining the ancient bones of a mammoth skeleton recovered in western Alberta.  She estimates that the diploid genome size of the mammoth to be approximately 1 billion base pairs.  Through a novel experimental technique she is able to recover a stretch of DNA 5,432 nucleotides long.  How much information (in bits) was she was able to recover from the long extinct mammoth?

A.  2716 bits

B.  5432 bits

C.  10864 bits

D.  21728 bits

E.  Cannot be determined from the information given.

25.  Consider a fictitious bacterial operon that is responsible for the production of enzymes needed to make the hypothetical amino acid tisophane.  The structural genes encoding these enzymes are called tisA and tisB.  Under conditions in which tisophane is present in the growth media, no enzymes are made.  However, under conditions in which tisophane is absent in the growth media, enzymes are made. The operon is regulated by a separate gene, R.  R- mutations result in a lack of tisophane synthesis.  Mutations in the operator sequence of the operon (O-), result in repression regardless of the presence or absence of tisophane.  Furthermore, biochemical data suggests that the R gene product is able to bind to the tis operator.  With respect to the regulation of the tis operon, which of the following statements would be accurate?
A.  The mechanism of tis operon induction involves inhibition of an inhibitor.

B.  The mechanism of tis operon induction involves inhibition of an inducer.

C.  R is a negative regulator of tisA and tisB transcription.
D.  R is a positive regulator of tisA and tisB transcription.

E.  None of the above statements are accurate.
26. Which of the following strains will produce functional β-galactosidase, and permease constitutively, and maintain normal induction of transacetylase? 


A.  
I+OcZ+Y+A-/I+O+Z-Y+A+
B.  
I+O+Z+Y+A+/I+O+Z-Y+A+
C.  
I+OcZ-Y+A+/I+OcZ-Y+A+
D.  
I+OcZ+Y-A+/I+OcZ-Y-A+
E.
None of the above.

27.  Which of the following statements are true?

A. The primary function of basal transcription factors is to assist in associating RNA polymerase with the promoter element.

B. The Myc transcription factor functions to cause proliferation in specific cell types by associating with Max to form heterodimers.

C. Mutations in the GAL80 gene in yeast result in the continuous expression of the GAL1, GAL7, and GAL10 genes, even in the absence of galactose.

D. The association of DNA with histones to form chromatin inhibits basal transcription.

E. All of the above statements are true.
28.  Which proteins from the list below are basal transcription factors?

i) Myc


ii) Max


iii) Gal4


iv) TBP


v) TAFs

A.  All are basal transcription factors.

B.  None are basal transcription factors.

C.  Only i) and iv) are basal transcription factors.

D.  Only iv) and v) are basal transcription factors.

E.  Only iii), iv), and v) are basal transcription factors.

29.  Which of the following methods of regulation are present in eukaryotes, but not present in prokaryotes?

A. DNA-binding proteins

B. inducer molecules
C. repressor proteins

D. chromatin remodeling

E. all of the above are present in eukaryotes, but not in prokaryotes.
30.  The promoter of nearly all eukaryotic genes contains ____________.


A.  
Enhancer elements

B.  
A TATA box.


C.  
Silencer elements

D.  
A TATA box and Enhancer elements.


E. 
Enhancer elements, Silencer elements, and a TATA box. 

31.  In rabbits, a series of multiple alleles controls coat colour in the following way:  C is dominant to all other alleles and causes full colour.  The chinchilla phenotype is due to the cch allele, which is dominant to all alleles other than C.  The ch allele, dominant only to ca (albino), results in the Himalayan coat colour.  Thus, the order of dominance is C>cch>ch>ca.  Calculate the phenotypic ratios in the progeny if a rabbit heterozygous for the chinchilla and himalayan alleles is mated to an albino rabbit?

A.  1 full colour: 2 chinchilla: 1 albino

B.  1 full colour; 1 albino

C.  3 chinchilla: 1 albino

D.  3 chinchilla: 1 himalayan

E.  1 chinchilla: 1 himalayan

32.  A geneticist raises a crop of T2 bacteriophage in a growth medium containing radioactive sulfur.  The radioactive phage are then allowed to infect non-radioactive E. coli.  In a few hours these bacteria burst open, releasing many bacteriophages.  Which statement below would be true of these released bacteriophages?

A.  Some of the bacteriophages would contain radioactive DNA.

B.  Some of the bacteriophages would contain radioactive protein.

C.  Some of the bacteriophages would contain radioactive DNA and protein.

D.  No radioactivity would be present in any of the bacteriophages.

E.  Cannot be determined with the information given.

33.  In response to the presence of maltose in the growth media, yeast increase the level of transcription of MAL6, a gene encoding an enzyme involved in maltose metabolism.  This enzyme is required by yeast to utilize maltose as a carbon source for growth.  Two other genes, MAL1 and MAL2 play a role in regulating the transcription of MAL6.  Interestingly, MAL1- mutations abolish all transcription of MAL6, even when maltose is present in the growth media.  On the other hand, MAL2- mutations result in constitutive expression of the MAL6 gene.  When cells contain both MAL1- and MAL2- mutations, the cells show constitutive expression of the MAL6 gene.   Which of the statements below are consistent with this experimental result?
A.  The MAL1 gene product inhibits the ability of the MAL2 gene product to repress transcription.
B.  The MAL2 gene product inhibits the ability of the MAL1 gene product to repress transcription.

C.  The MAL2 gene product inhibits the ability of the MAL1 gene product to activate transcription.

D.  The MAL1 gene product inhibits the ability of the MAL2 gene product to activate transcription.
E.  None of the above statements are consistent with the experimental result.

34.  Which of the following statements are false?

i)  Transcription factors in prokaryotes can regulate transcription through chromatin remodelling. 

ii)  Repressor proteins in eukaryotes often directly bind to RNA polymerase II, blocking its ability to associate with promoter proximal elements.
iii)  Max/Max homodimers are unable to bind DNA.
iv)  The Gal80 gene product acts as a transcriptional activator.

A.  All are false.

B.  None are false.

C.  Only i) and ii) are false.

D.  Only i), ii), and iii) are false.

E.  Only i), ii) and iv) are false. 

35.  A partial diploid E. coli cell of the genotype I+ P+OcZ+Y-/ I- P+O+Z-Y+ is grown in the presence of lactose and absence of glucose.  With respect to the regulation of the lac operon which of the following statements would be accurate?

A.  No functional B-galactosidase, or lactose permease would be produced.

B.  No functional CRP protein would be produced. 

C.  High levels of functional B-galactosidase , but no permease would be produced.

D.  High levels of functional lactose permease, but no functional B-galactosidase would be produced.

E.   High levels of both functional lactose permease and B-galactosidase would be produced.

36.  You observe a cell during meiosis and draw the diagram below to record your observations:
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 What stage of meiosis does this diagram best represent, and what is the ploidy of the above cell?

A. Metaphase I, cell is n=3

B. Prophase II, cell is n=3

C. Prophase I, cell is 2n=6

D. Metaphase I, cell is 2n=6

E.  Metaphase II, cell is n=3

37.  Assume that you have discovered a new strain of E. coli that has a mutation in the lac operator region that causes the wild-type repressor protein to bind irreversibly to the operator (i.e. the operator sequence is incapable of “letting go” of the repressor once it has bound; thus the repressor protein is always found bound to the operator).  You have named this operator mutant Osb for “superbinding” operator.  What phenotype would a partial diploid of genotype I+ Osb Z- Y+/ I- O+Z+Y+ show with respect to the transcription of lacZ and lacY.

A.  lacZ and lacY  would show inducible expression.

B.  lacZ would show inducible expression; lacY would show constitutive expression.

C.  lacZ and lacY would show constitutive expression.

D.  lacY would show inducible expression; lacZ would show constitutive expression.

E.  lacZ would show inducible expression; lacY would never be expressed.

38.  The genomic DNA sequence of a gene is compared to the mature mRNA sequence derived from that gene.  Which of the following could you infer from the genomic sequence that you could not infer from the mature message?


i)   The intronic sequence.


ii)   The coding sequence.


iii)  The exonic sequence.


iv)   The promoter sequence.

A.  Only i) could be inferred solely from the genomic sequence.

B.  Only ii) could be inferred solely from the genomic sequence .

C.  Only ii), iii) and iv) could be inferred solely from the genomic sequence .

D.  Only i), iii) and iv) could be inferred solely from the genomic sequence.

E.  Only i) and iv) could be inferred solely from the genomic sequence.

39.  As the geneticist for the Larry Stringer Show, you often need to perform paternity tests. Using DNA from a baby, his mother, and two upstanding potential fathers, you PCR a 1000 bp  region on chromosome 4 that contains a polymorphic EcoRV restriction enzyme cut site.  You treat the DNA from each individual with the restriction enzyme then run the treated DNA on an agarose gel to separate the fragments. Based on your gel results (below) of this RFLP analysis, which individual is the most likely father of the baby?

A. Dad 1
B. Dad 2
C. Larry Stringer
D. The results are inconclusive.
40.  A three point test cross is performed examining the genes A, B, and D.  The progeny phenotypes and their frequencies are:

ABD
400

aBD
100

Abd
100

abd
400

From this we can conclude:

A.  Genes A and B are linked and D is independently assorting (unlinked)

B.  Genes B and D are linked and A is independently assorting (unlinked)

C.  Genes B and D are completely linked and gene A is 20 map units away

D.  Genes A and B are completely linked

E.  Not all genes are located on the same chromosome.
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