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Although there are no deliberate “tricks” on this paper there is ample opportunity to make careless oversights; READ THE QUESTIONS CAREFULLY.
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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 444
4  Mark one choice from the alternatives provided for each question.
5. Wrong answers will not cancel correct answers. Part marks may be available.
6. Submit your test paper and the Scantron sheet SEPARATELY. 



1.  There are many loci in humans that when mutant result in dominantly inherited polydactylism.  Polydactylism is the presence of six fingers and six toes.  In some inherited polydactylism, like PLY2, polydactylism is also associated with an inherited obstruction of the bowel.  This obstruction of the bowel requires repair and can result in a life long discomfort.  You have a female patient who is heterozygous for a mutant PLY2 allele and has suffered from a life long discomfort.  Her husband is homozygous for the wild-type PLY2 allele.  The patient would like to have a child who will not exhibit polydactylism.  You extract eggs from the mother and fertilize them with the husband’s sperm in vitro.  At the 6-10 cell stage you remove a cell from 6 developing embryos.  You use allele specific oligonucleotide hybridization to detect the present of the wild type and mutant PLY2 alleles.  The results are presented below.

	ASO
	Embryo 1
	Embryo 2
	Embryo 3
	Embryo 4
	Embryo 5
	Embryo 6

	wild type PLY2
	
	
	
	
	
	

	mutant PLY2
	
	
	
	
	
	



Which embryos will be implanted back into the mother to avoid having a child with polydactylism?

A.	1, 2 and 4
B.	3, 4 and 5
C. 	1, 4 and 5
D.	4, 5 and 6
E. 	2, 3 and 6


2.  You have determined the repeat length of a microsatellite in 5 individuals shown in the table below.  All individuals are heterozygous at the microsatellite locus, resulting in microsatellites of two distinct repeat lengths.

	Individual
	Number of microsatellite repeats

	1
	13, 16

	2
	16, 18

	3
	13, 18

	4
	11, 16

	5
	11, 13



Based on the results of these five individuals, what is the minimum number of genotypes at this microsatellite locus in the whole human population?

A. 	2
B.	4
C.	6
D.	8
E.	10

3.  Loss-of-function mutant alleles in Retinoblastoma, like BRCA1, results in an increased susceptibility to cancer.  In the case of retinoblastoma, it is childhood cancer of the retina.  You find a family that has a number of members that had developed childhood retinoblastoma.  You use allele specific oigonucleotides on a microarray to determine whether the family carries a mutation in the retinoblastoma gene.

First you perform the analysis on a normal person.  Below is the region 3210-3220
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What is the sequence of this 11 base region?

A.	TCGCCAACTAG
B.	AACCGTCTCGA
C.	GATCCAATCGA
D.	TCGAACCGATC
E.	GCCAAGCTCTA


4.  Using the same microarray as in the previous question 3, you look at the DNA from an individual in the family that has had childhood retinoblastoma.
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You have found a SNP that is a __X__ to ___Y___  ___Z___.
cg Purines: adenine and guanine; purine to purine is transition
	
	X
	Y
	Z

	A.
	G
	C
	transition

	B.
	C
	G
	transition

	C.
	G
	C
	transversion

	D.
	C
	G
	transversion

	 E.
	C
	T
	transition


5. Below is shown an annotation indicating the protein coding genes of a Drosophila genomic region.  Below this map is shown the structure of an inversion, two deletions and two insertions.
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Vertical lines indicate the inversion breakpoints, and the reversed arrow indicates the inverted DNA.  The gaps indicate the deleted regions.  The triangles indicate insertions.

You have a mutation in a gene required for the development of eyes in Drosophila.  Drosophila homozygous for this mutation have no eyes.  You cross these Drosophila homozygous for the eyeless mutant allele with Drosophila homozygous for the five mapped DNA changes.

Crossed to		phenotype of progeny

Inversion 1 	wild type
Deletion 1 		no eyes
Insertion 1 	wild type
Insertion 2		no eyes
Deletion 2		wild type

Which gene encodes a protein required for eye development?

A.	Gene 1
B.	Gene 2
C. 	Gene 3
D. 	Gene 4
E. 	Gene 5


6.  Which two mapped DNA changes shown in the previous question 5 when crossed would result in progeny that would develop with no eyes.

A.	Inversion 1 with Deletion 1
B.	Insertion 1 with Deletion 1
C. 	Deletion 2 with Inversion 1
D.	Insertion 1 with Insertion 2
E.	Insertion 2 with Deletion 1


7.  Considering the three polymorphisms SNPs, minisatellites and microsatellites, which of the following statements is the most true?

A.	Minisatellites and microsatellites are unstable.
B.	SNPs and microsatellites are unstable.
C.	SNPs and minisatellites are unstable.
D.	Minisatellites and microsatellites are stable.
E.	SNPs and microsatellites are stable.


8.  Formation of a dicentric and acentric chromosome during meiosis is associated with a ___.

A. 	deletion
B. 	tandem duplication
C.	pericentric inversion
D.	paracentric inversion
E.	transposition


9.  You look directly at the number of individual chromosomes in human gametes.  You find a gamete that has two chromosome 19s, and when you test the two chromosomes you find that they are same homologous chromosome 19.  This suggests one of the following.

A.	Disjunction at MI.
B.	Disjunction at MII.
C. 	Nondisjunction at MI.
D.	Nondisjunction at MII.
E.	Nondisjunction at mitosis.



10.  Below is a representation of a polytene chromosome.  Below the segment of polytene chromosome are cytologically mapped deletions (Df).  The thick lines indicate the extent deleted.
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You have four recessive mutant alleles in four different genetic loci cn, mic, twi, yan.  You cross a marked chromosome carrying the four recessive alleles in the four loci to each of the five Dfs above.  You do not know the order of the four genes along the chromosome.  You look for which phenotype is observed.

Df X12   cn- mic- twi+ yan-
Df Y16   cn- mic+ twi+ yan+
Df Q45   cn+ mic+ twi+ yan-
Df W3    cn+ mic+ twi+ yan-
Df R45   cn+ mic+ twi- yan+
Mic a2; twi c5; yan b4; cn a3
Which is the best gene order left to right?

A.	cn mic twi yan
B.  cn twi yan mic
C.  yan twi cn mic
D.  twi yan mic cn
E.  mic cn yan twi




11. In growth media lacking glucose a merodiploid of genotype I-P+O+Z-Y+/I+P-O+Z+Y- will show

A. 	lactose inducible production of beta galactosidase.
B. 	lactose inducible production of beta galactosidase and permease.
C. 	constitutive production of beta galactosidase and permease.
D. 	lactose inducible production of permease.
E. 	no beta galactosidase or permease production at all.


12. When tryptophan accumulates in an E. coli cell,

A. 	it binds to the operator, preventing transcription of adjacent genes.
B. 	it binds to the promoter, allowing transcription of adjacent genes.
C. 	it binds to the TrpR repressor, allowing it to bind to the operator.
D. 	it binds to the genes that code for tryptophan biosynthetic enzymes.
E. 	it binds to RNA and initiates a negative feedback loop to reduce transcription.


13.  In E. coli cells of the genotype I-P+OcZ+Y+A-, the expression of β-galactosidase will be ______________.  Assume no glucose is present in the growth media.

A. 	lactose inducible.
B. 	constitutive.
C. 	absent.
D. 	attenuated.
E. 	none of the above.
	

14. Placement of 10 more Trp codons upstream of the naturally occurring Trp codons in the trp leader RNA will

A. 	cause termination of transcription in both the presence and absence of tryptophan.
B. 	prevent termination of transcription only at high concentrations of tryptophan
C. 	prevent termination of transcription at both low and high concentrations of tryptophan.
D. 	facilitate binding of region 2 to region 3 of the trp leader RNA.
E.  	None of the above.



15.  The most convincing evidence that the lacI gene-product is a diffusible protein is

A.  	a merodiploid with only one functional lacI gene is able to regulate both copies of the lac  operon.
B.  a merodiploid with only one functional lacO sequence is unable to regulate both copies of the lac operon.
C.  the lacI gene is located very close to the lac operon.
D.  mutants lacking lacI function do not respond to changes in lactose concentration.
E.  All of the above.


16. In the trp operon, attenuation occurs through the recognition of two Trp codons in the leader sequence. Relative to an E. coli cell with a wild-type copy of the trp leader sequence, what will result in a mutant E. coli strain in which these two codons have been  deleted? 

A. 	The operon will be insensitive to tryptophan.
B.  	There will be decreased transcription of the trp biosynthetic genes. This effect will be most pronounced when there are low levels of tryptophan.
C. 	There will be increased transcription of the trp biosynthetic genes.  This effect will be most pronounced when there are low levels of tryptophan. 
D.  	There will be no effect on the transcription of trp biosynthetic genes. 
E.  	The transcription of the trp biosynthetic genes will be constitutive.


17.  Consider a fictitious bacterial operon that is responsible for the production of enzymes needed to make the hypothetical amino acid traline.  The structural genes encoding these enzymes are called traA and traB.  Under conditions in which traline is present in the growth media, no enzymes are made.  However, under conditions in which traline is absent in the growth media, enzymes are made. The operon is regulated by a separate gene, X.  X - mutations result in a lack of traline synthesis.  Mutations in the operator sequence of the operon (O-), result in very low levels of transcription regardless of the presence or absence of traline.  Furthermore, biochemical data suggests that the X gene product is able to bind to the tra operator, but only if it is not in a complex with traline.  With respect to the regulation of the tra operon, which of the following statements are accurate?

A.  Transcriptional inhibition of the tra operon involves negative regulation of an activator protein.
B.  Transcriptional inhibition of the tra operon involves negative regulation of an inducer protein.
C.  X is a negative regulator of traA and traB transcription.
D.  X is a positive regulator of traA and traB transcription.
E.  More than one of the above statements is true.



18.   Which of the genotypes below would show constitutive expression of lactose permease in E. coli?  Assume no glucose is present in the growth media.
	
i) (I+P+OcZ-Y+A+/I+P+O+Z+Y+A-)
ii)  (I-P-OcZ+Y-A-/I-O+P+Z+Y+A+)
iii) (I+P+OcZ+Y-A+/I-P+O+Z+Y+A-)
iv) (I+P-OcZ+Y-A-/I-O+P+Z+Y+A+)
	
A. 	Genotype i) only.
B. 	Genotypes i) and ii) only.
C. 	Genotypes i),  ii), and  iii) only. 
D. 	All would show constitutive expression.
E. 	None would show constitutive expression.


19.  The hypothetical atb operon produces enzymes that convert compound A into compound B.  The operon is controlled by a regulatory gene S.  Normally, the enzymes are synthesized only in the absence of compound B.  Loss of function mutations in S result in enzymes that are synthesized in the presence and in the absence of compound B.  Gene S encodes a

A.  	repressor.
B.  	activator.
C.  	co-repressor.
D. 	super-repressor.
E. 	a super-repressed attenuating activator.


20.  A mutant strain of E. coli produces B-galactosidase in the presence and in the absence of lactose (assume no glucose is present in the growth media).  In which of the following regions might the mutation in this strain occur?

	i) lacI
	ii) lacO
	iii) lacZ
	iv) trpE

A. 	In i) only.
B. 	In i) and ii) only.
C. 	In i),  ii), and  iii) only. 
D. 	In i), ii), iii) and iv).
E.  	The mutation could not be in any of these regions.


21.  Ethidium bromide is a very common reagent in molecular biology that is used to visualize DNA on an agarose or polyacrylamide gel.  It is a flat, planar molecule that works by integrating itself between the nucleotide bases on DNA strands and forming a fluorescent complex. Based on this information and your understanding of mutation mechanisms, which of the following is likely true of ethidium bromide?

A. It is likely a mutagen that results in transitions
B. It is likely a mutagen that results in transversions
C. It is likely a mutagen that results in insertions and deletions
D. It is likely a mutagen that requires metabolic activation
E. It is not likely a mutagen


22.  A new bacterial system, called Mutagenica aminous,  has just been discovered for studying the effects of  mutagens.  In this system, all deaminating agents will successfully deaminate a nucleotide base 20% of the time. Once deaminated, cytosines become uracil (which mispair with adenine), and adenines become hypoxanthine (which mispair with cytosine).  In this system, what percentage of M. aminous DNA is expected to carry a mutation after treatment with nitrous acid?

A. 10% of the DNA will have a transversion after 2 rounds of DNA replication
B. 5% of the DNA will have a transversion after 2 rounds of DNA replication
C. 10% of the DNA will have a transition after 2 rounds of DNA replication
D. 5% of the DNA will have a transition after 2 rounds of DNA replication
E. 2.5% of the DNA will have a transition after 2 rounds of DNA replication


23.  You are part of a development team for high-strength commercial glues and decide to test the mutagenicity of two popular competitors: Magic Glue and Krazy Putty. You perform an Ames test by mixing the two glues with his- bacteria (they have a nonsense mutation in the gene that produces the amino acid histidine) and a rat liver enzyme mixture (S9), then plating the bacteria on histidine-free media.  You obtain the following results: 
	COMPOUND
	NUMBER OF BACTERIAL COLONIES

	
	his- bacteria only
	his- bacteria + S9

	Magic Glue
	7
	102

	Krazy Putty
	9
	4

	Control (no compound)
	8
	9



From these results, you correctly conclude that:

A.	Magic Glue causes cancer
B.	Krazy Putty requires metabolic activation to be mutagenic
C.	Krazy putty does not cause large DNA insertions and deletions
D.	Magic Glue is does not directly cause point mutations
E	Krazy putty produces a significant number of revertants



24.  Which of the following is not true of an oncogene?

A.	They typically show increased protein expression and/or function
B.	They lead to increased cell survival and proliferation
C.	They are the result of a loss-of-function mutation in a tumour suppressor gene
D.	They show dominance over a normal (wildtype) allele
E.	All of the above are true of oncogenes


25.  The incidence of cardiovascular disease (CVD) is on a dramatic rise.  Currently, it is the leading cause of death in North America.  In an effort to pinpoint genes associated with CVD you design a case-control study examining single nucleotide polymorphisms (SNPs) in a region of DNA containing a candidate gene, called Angiotensin (AGT), which regulates blood flow to the heart. You examine the genotype of your patient (CVD) group as well as group of matched controls at each of these SNP loci, and obtain the following results: 
	CVD PATIENTS
	SNP1
	SNP2
	SNP3
	SNP4
	SNP5
	SNP6

	1
	A
	G
	A
	C
	T
	C

	2
	G
	T
	A
	C
	C
	T

	3
	G
	T
	A
	C
	C
	C

	4
	A
	T
	A
	G
	T
	C

	5
	G
	T
	A
	C
	C
	T

	CONTROL GROUP
	
	
	
	
	
	

	1
	A
	C
	T
	G
	T
	C

	2
	G
	T
	A
	C
	C
	T

	 3
	G
	T
	T
	G
	T
	T

	4
	A
	C
	A
	G
	T
	T

	5
	A
	T
	T
	C
	T
	C




Considering these results, which of the follow statements is a logical conclusion?

A.	SNP2, SNP3, and SNP4 are in linkage disequilibrium with your disease group
B.	SNP1, SNP5, and SNP6 are in linkage disequilibrium with your disease group
C.	SNP3  only is in linkage disequilibrium with your disease group
D.	SNP3 is the mutation that causes CVD in your disease group
E.	More than one of the above conclusions are likely true
Linkage disequilibrium= nonrandom association with the disease group


26.  You isolate a new mRNA sequence from yeast.  In order to discover the function of the gene that encodes this mRNA, you sequence the gene and, using this sequence, disrupt this gene using targeted mutagenesis (you develop a gene knock-out).  You observe this knock-out yeast strain and compare it to a wild type strain throughout its life cycle to determine if there is any phenotypic difference between your mutant and wild-type yeast.  This approach is best described as:

A. Positional cloning
B. Gene mapping
C. Forward genetics
D. Reverse genetics
E. Ames test

27.  After the death of her mother from Huntington’s disease (HD), Dr. Anne Wexler worked to find the gene that caused HD for 22 years. One of the experiments she devised involved testing the association of a series of markers (spaced 15 cM apart along chromosome 4) with HD in a large number of related individuals.  She was able to confirm linkage with one of her marker genes, and calculated that the gene was approximately 6 cM away from the closest marker.  What would be the next logical step in her analysis?

A. PCR analysis of this marker sequence to in normal and HD patients to determine any sequence differences
B. Insertion of transposable elements to disrupt any genes found within this region
C. Screening of gDNA libraries using probes developed from her marker sequence to obtain sequence closer to the gene region
D. Sequencing of the entire region between the two closest known markers
E. Looking for potential gene sequences using ESTs or open reading frames


28.  You believe a gene called brain-derived neurotrophic factor (BDNF) is important in determining anxiety-related behaviours.  To confirm your hypothesis, you cross a very anxious strain of mouse (called B6 A/A) with a strain that shows very low anxiety (called D2 G/G).  This cross yields an F1 generation, all of which show intermediate anxiety levels.  You then intercross the F1 to obtain a number of F2 individuals, which you phenotype and classify as having low, intermediate, or high anxiety. You then genotype the F2 mice for a SNP that occurs within the BDNF gene between these two strains:  B6 mice are A/A at this locus, whereas D2 mice have G/G.  If your hypothesis (that BDNF is important in determining anxiety behaviour) which of the following results would you expect?

A. Many high-anxiety F2 mice with G/G genotype
B. Few high-anxiety F2 mice with a A/A genotype
C. Many low-anxiety F2 mice with G/G genotype
D. Many low-anxiety F2 mice with the A/A genotype
E. Two of the above results would be expected

29.  While studying biodiversity in the rainforests of Costa Rica, you discover a population of green tree frogs that have bright red feet.  You also observe, however, that a few of these frogs have varying shades of pink feet, which you classify as “blush”, “salmon”, and “tuscan sunset”.  You suspect that these pink-footed frogs have a mutation in a gene important for the development of foot colour, and so decide to intercross each of your mutants in a complementation analysis.  Which of the following statements regarding complementation is true?

A. Mutations in different genes will produce a mutant phenotype  
B. Non-complementation is the result of the inheritance of one wild-type allele for the gene of interest from each parent
C. Complementation indicates that the mutations are allelic
D. Non-complementation does not require identical mutations but does require that the mutations occur in the same gene
E. Complementation analysis is an effective strategy for gain-of-function mutations

30.  In bees, only one female (the queen) normally reproduces while the other females (the workers) will provide her with food to ensure optimal survival of her larvae.  This behaviour is unusual among animals in that one part of the population will not pass on their genes to the next generation in exchange for taking care of another’s offspring, which ultimately helps the survival of the overall species (termed ‘altruistic’ behaviour).  Occasionally, however, some female bees will have offspring despite the fact that they are not the ‘queen’ – termed ‘selfish’ behaviour.  You are interested in finding the gene responsible for this behaviour (the “Selfish” gene) and have developed a genetic map of the bee genome, using a series of SNPs that vary between two different hives.  The bee genome is 195 Megabases (Mb) and consists of 5 chromosomes of equal size. 

To begin your analysis, you cross a “selfish” female from hive 1 with a wild-type male from hive 2.  The resulting F1 are altruistic.  You then cross the F1 males with “selfish” females from hive 1 to obtain an F2 generation. You then phenotype 100 of your F2 females for altruistic or selfish behaviour and genotype them for each SNP marker.  Below is a genetic map of chromosome 4 showing the location of the polymorphic markers and their genetic distance from one another, as well as your results from the phenotype and genotype analysis of the F2 female bees for chromosome 4 markers: 

 (
Chromosome 4 linkage map
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Given your results, which of the following is true regarding the physical distance between the Selfish gene and its closest markers? 

A. The Selfish gene is located approximately 6 Mb from marker 3
B. The Selfish gene is located approximately 12 Mb from marker 3
C. The Selfish gene is located approximately 24 Mb from marker 3
D. The Selfish gene is located approximately 8 Mb from marker 4
E. The Selfish gene is located approximately 16 Mb from marker 4

31.  You have three independent mutant alleles in the mouse gene no tail: not1, not2 and not3.  You determine the phenotype of mice that are heterozygous for the three alleles (heterozygous for a wild-type allele and a mutant allele), and that are homozygous for the three mutant alleles.

	Allele
	not1
	not2
	not3

	heterozygous
	Wild-type
	No tail
	Wild-type

	homozygous
	No tail
	No pelvis and no tail
	No pelvis and no tail



not1is a __x__ allele, not2 is a __y__ allele, and not3 is a __z__ allele.

	
	x
	y
	z

	A.
	dominant negative
	null
	hypomorphic

	B.
	null
	dominant negative
	hypomorphic

	C.
	null
	hypomorphic
	dominant negative

	D.
	hypomorphic
	dominant negative
	null

	E.
	dominant negative
	hypomorphic
	null


Either b or d 

32. You have three independent alleles in the Drosophila gene bristleless: brl1, brl2 and brl3.  You determine the phenotype of flies that are heterozygous for the three alleles (heterozygous for a wild-type allele and a mutant allele), and that are homozygous for the three mutant alleles.

	Allele
	brl1
	brl2
	brl3

	heterozygous
	Wild-type
	Twice the normal number of bristles
	Wild-type

	homozygous
	No bristles
	Four times the normal number of bristles
	A few bristles



brl1is a __x__ allele, brl2 is a __y__ allele, and brl3 is a __z__ allele.

	
	x
	y
	z

	A.
	Gain-of-function
	null
	hypomorphic

	B.
	null
	Gain-of-function
	hypomorphic

	C.
	null
	hypomorphic
	Gain-of-function

	D.
	hypomorphic
	Gain-of-function
	null

	E.
	Gain-of-function
	hypomorphic
	null




33.  You have found loss-of-function and gain-of-function alleles in a gene.  One characteristic that led you to this conclusion was that the loss-of-function and gain-of-function alleles ____.

A.	were both dominant
B.	were both recessive
C.	had the same phenotype
D.	were the result of the same change in DNA sequence
E .	had opposite phenotypes

34.  Drosophila has two genes that are required for leg development, legless (leg) and limbless (lim).  Flies homozygous for the alleles in leg1 and lim1 have a similar no leg phenotype.  Interestingly, flies heterozygous for leg1 and lim1 also have a similar short leg phenotype.  However, when the copy number of wild-type leg and lim alleles and mutant alleles are varied we see a distinct difference between the leg1 and lim1 mutant alleles.

	Experiments with the leg gene
	Experiments with the lim gene

	Copy # of leg+
	Copy # of leg1
	phenotype
	Copy # of lim+
	Copy # of lim1
	phenotype

	2
	0
	Wild-type
	2
	0
	Wild-type

	1
	1
	Short legs
	1
	1
	Short legs

	0
	2
	No legs
	0
	2
	No legs

	2
	1
	Wild-type
	2
	1
	Wild-type

	1
	2
	Short legs
	1
	2
	No legs



You suspect that __x__ is haploinsufficient and __y__ is a __z__ allele.

	
	x
	y
	z

	A.
	lim
	leg1
	dominant negative

	B.
	leg
	lim1
	hypomorphic

	C.
	lim
	leg1
	hypomorphic

	D.
	leg
	lim1
	dominant negative

	E.
	lim
	lim1
	dominant negative




35.  Haploinsufficeincy is restricted to __x__ genetic organisms.

	
	x

	A.
	haploid

	B.
	diploid

	C.
	bacterial

	D.
	translocated

	E.
	sophisticated




36. Prior to use of positional cloning and when using biochemical cloning what did you have to know about the gene that you were cloning?

A. 	The amino acid sequence of the gene product.
B.  What chromosome the gene was on.
C.  The phenotype of a mutation in the genes.
D.	The position on the genetic map.
E. 	A nearby marker to initiate a chromosome walk.


37.  You want to analyze the genome of a bacterium that has a total length of 3 million bases.  You have three libraries at your disposal, each made in a different vector, which have a different average insert size.

Library	Average insert size	Number of clones in library

1	100,000 bases	20
2	20,000 bases	1,500
3	3,000 bases	5,000

Order the libraries from "most likely containing a copy of a specific gene" to "least likely containing a copy of a specific gene".

A. 1 > 2 > 3
B. 2 > 1 > 3
C. 1 > 3 > 2
D. 2 > 3 > 1
E. 3 > 2 > 1


38.  The nematode C. elegans genome is 100,000,000 bases long.  BAC clones have an average insert size of 100,000 bases. At the very least, how many BAC clones do you require in a library to expect that 95% of the C. elegans genome is represented?  Remember the proportion (p) for the zero class equals e to the -m.  Below is table of p for various m values to help you.

	p
	m

	0.368
	1

	0.135
	2

	0.050
	3

	0.018
	4



A. 	100
B.  	1,000
C.  	2,000
D.  	3,000
E.  	4,000


39. Below is the sequence of a sequence tagged site (STS) that you are going to design primers for in order to detect the STS in a PCR reaction.  The underlined regions are areas you have chosen for designing the primers.

5’ATCGTGCTAT CGATCGTTGT CACAATTCGT GCTCTAGTCG ATCCTGATCG 3’TACGACGATA GCTAGCAACA GTGTTAAGCA CGAGATCAGC TAGGACTAGC 

TCTGCATATA CACATCGCGG CGCGCTTAAC CATGTGCTGA TCGTTGATGA 3’
AGACGTATAT GTGTAGCGCC GCGCGAATTG GTACACGACT AGCAACTACT 5’

Below are 4 primers

1. 	5’ CGATCGTTGTCACAATTCG 3’
2. 	5’ CATGTGCTGATCGTTGATG 3’
3. 	5’ CATCAACGATCAGCACATG 3’
4. 	5’ CGAATTGTGACAACGATCG 3’

Which primer combination will give a PCR product for this STS?

A.	1 and 2
B.	2 and 3
C. 	3 and 4
D.	1 and 3
E. 	2 and 4


40.  How long will the PCR product be using the correct primers determined in the previous question 39?

A.	100bases
B.	90 bases
C.  89 bases
D.  70 bases
E. 	51 bases



41.  The human genome is 3,000,000,000 bases long.  You have the sequence ATTGCGCGTTGATC.  How often do you expect this sequence to occur in the human genome (that is what is the expect mean for the occurrence of this sequence)?  

Assume that A, T, G, and C occur in the same ratio.

Assume that

413	=125,000.000
414  =250,000,000
415	=1,000,000,000
416	=4,000,000,000

A.	1/6
B.	1/3
C.	3
D.	6
E.	24


42.  You assay the presence of 12 STS’s in 8 BAC clones.

	STS
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Clones
	
	
	
	
	
	
	
	
	
	
	
	

	E
	+
	-
	-
	-
	+
	-
	-
	-
	+
	-
	-
	-

	F
	-
	-
	-
	+
	-
	-
	-
	-
	-
	-
	+
	-

	G
	-
	-
	+
	-
	-
	+
	-
	-
	-
	-
	-
	-

	H
	-
	+
	-
	-
	-
	-
	-
	+
	-
	-
	-
	-

	I
	-
	-
	+
	-
	-
	+
	-
	-
	-
	+
	-
	-

	J
	+
	-
	+
	-
	+
	-
	-
	-
	-
	+
	-
	+

	K
	-
	-
	-
	+
	-
	-
	-
	+
	-
	-
	-
	-

	L
	-
	+
	-
	-
	-
	-
	+
	-
	-
	-
	+
	-



If the clones represent the complete genome, the organism has

A.	one circular chromosome.
B.	one linear and one circular chromosome.
C.	two linear chromosomes.
D.	one linear chromosome
E.	two circular chromosomes



43.  Using the information in the previous question (question 42), which two STS’s can you not determine the relative order of?

A.	2 and 7
B.	10 and 11
C.	3 and 6
D.	9 and 10
E.	1 and 5


44.  You have sequenced a 500 base portion from 4,000,000 randomly selected clones.  The genome of the organism is 100,000,000 bases long.  What proportion of the DNA sequence will not have been sequenced from this organism?

A.	e-1
B.	e-5
C.	e-20
D.	e-40
E.	e-200


45.  Open reading frame analysis (ORF finder) in Bacteria for annotation of the protein-coding portion of the genome is feasible because bacteria have

A.  circular chromosomes
B.  no introns
C.  the same genetic code as humans
D.  only one chromosome.
E.  a similar RNA polymerase 


46.  We have three sequence files: one derived from intergenic DNA (untranscribed DNA between transcription units), one derived from cDNA and one derived from an intron.  (STS sequence tagged site; EST expressed sequence tag) The sequence of intergenic DNA is a/an __1__, the sequence of cDNA is a/an __2__ and the sequence from an intron is a/an __3__.

	
	1
	2
	3

	A.
	STS
	EST
	STS

	B.
	STS
	STS
	EST

	C.
	EST
	EST
	EST

	D.
	EST
	EST
	STS

	E.
	EST
	STS
	EST




47. You have performed whole genome sequencing of the Groody genome. Below are four sequence contigs.  The lines represent sequencing runs of about 1,000 bases.  The thick lines with numbers are paired sequences found in two different sequence contigs.
 (
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Paired sequences from a 2 kilobase library

1 and 2
3 and 4

Paired sequences from a 6 kilobase library

5 and 6
7 and 8

What is the best order of sequence contigs?

A.  S M O Y
B.  S O Y M
C.  O Y M S
D.  Y S O M
E.  M S O Y

	
48.  The major difference between differential hybridization and microarrays is that

A.	only differential hybridization uses hybridization.
B. 	only microarrays use hybridization.
C.	in microarrays the genes are unknown.
D. 	in differential hybridization the genes are unknown.
E. 	no labeled probe is required for microarrays.



49.  You have extracted mRNA from the brain of two cats.  The first cat is a control cat with an internal temperature of 37 degrees. The mRNA extracted from this cat is labeled with green fluorescent dye.  The second cat you have induced a high fever of 41 degrees for 12 hours, and then extracted the mRNA, which you labeled with red fluorescent dye.  You hybridize a mixture of the two probes to a microarray of all cat genes.  You see three colored spots on the microarray.  The red spots are genes expressed at __x__; the yellow spots are genes expressed at __y__; and gene spots are genes expressed at __z__.

	
	x
	y
	z

	A.
	41 degrees 
	37 degrees
	both temperatures

	B.
	both temperatures
	41 degrees
	37 degrees

	C.
	37 degrees
	both temperatures
	41 degrees

	D.
	37 degrees
	41 degrees
	both temperatures

	E.
	41 degrees
	both temperatures
	37 degrees




50.  You have an EST sequence file that you have aligned with the genomic DNA.  You find that the EST aligns with three blocks of genomic DNA shown below as thickened lines on the genomic DNA.  



This means that your gene has at least  ___  introns.

A.	8
B. 	6
C.	4
D.	2
E. 	1




















	Code444
	answers

	1
	E

	2
	E

	3
	D

	4
	D

	5
	B

	6
	E

	7
	A

	8
	D

	9
	D

	10
	E

	11
	D

	12
	C

	13
	B

	14
	D

	15
	A

	16
	B

	17
	E

	18
	B

	19
	A

	20
	B

	21
	C

	22
	D

	23
	D

	24
	C

	25
	A

	26
	D

	27
	C

	28
	C

	29
	D

	30
	A

	31
	D

	32
	B

	33
	E

	34
	D

	35
	B

	36
	A

	37
	D

	38
	D

	39
	D

	40
	C

	41
	E

	42
	B

	43
	E

	44
	C

	45
	B

	46
	A

	47
	B

	48
	D

	49
	E

	50
	D
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Homozygous Heterozygous
Chr 4 (Hive 1 alleles) (Hive 1/ Hive 2 alleles)
Marker Altruistic Selfish Altruistic Selfish
1 21 28 32 19
2 16 33 33 18
3 7 44 46
4 4 47 45 4
5 13 38 40 9
6 18 30 32 20





