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Biology 223, sections 5 & 6

Fall 2003

Exam I, 12 November 2003 7:30 am - 8:50 am

EXAM COPY  #

No notes, no calculators, no phones.

Write your name and student ID number at the top of this page.

Use non-erasable ink, write on the back if needed.

Write legibly and succinctly, you will be graded on the quality of your communication, and that includes expressing ideas clearly using proper terminology.

Show your work and justify your conclusions, partial credit is given, but likewise, do not ramble.  Negative points may be assigned to frivolous and grossly incorrect answers.

11 Questions on 7 pages total.

100 points possible, 80 minutes.

Note points per question and spend your effort accordingly!


codon chart



Second base
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Third base




Question 1 for 5 points
In a hypothetical disease, a man has a defect in meiosis, such that no crossing over occurs.  If meiosis and spermatogenesis is still successful, how many different genotypes of gametes can he produce?

See p22, also problems 1.14 and 1.20

22 pairs of autosomes, 2 sex chromosomes.  If no crossing over, still shuffling of complete chromosomes, each gamete will have 1 of each of 23 pairs, so 223 possible combinations.
Question 2 for 6 points
Assume there are approximately 7 x 1013 cells in human body, each containing 7 x 109 bp of DNA, and 5 billion people on Earth.
And using the following destinations:

A neighboring cell (500 nm)

Through a fingernail (0.5 millimeter)

From head to toe (2 m)

To Cyprus (3 x 105 m)

To the Moon (4 108 m)

To the Sun (1.5 x 1011 m)

To the nearest star (Proxima Centauri 4 x 1016 m)

To the center of our galaxy, the Milky Way (3 x 1020 m)

To the neighboring galaxy Andromeda (2.1 x 1022 m)

To the edge of the observable universe (1 x 1026 m)

If all the DNA in:

a) a single cell

b) a single human

c) all humans on Earth
were connected end to end and stretched, where would it be long enough to reach?
See page 42, Q2.2, problem 2.23
The average distance between adjacent, stacked base pairs in B-form DNA is 0.34 nm.

a)  (0.34 x 10-9 nm/bp)(7 x 109 bp) = approximately 2 meters, therefore head to toe

b)  (2 m/cell)(7 x 1013 cells) = approximately 1.4 x 1014, therefore to the Sun.
c)  (2 m/cell)( 7 x 1013 cells)(5 x 109 humans) = 7 x 1023, therefore to the Andromeda galaxy.

Question 3 for 8 points
In a prototrophic neurospora crassa strain (it can make its own A and all downstream metabolites), E, F, G are necessary intermediates in amino acid synthesis.  You hypothesize the following metabolic pathway exists:
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To support your hypothesis, you mutagenize your model organism and screen for types of auxotrophs.  What phenotypes would you expect, assuming that any defective enzyme could be complemented by supplying the downstream nutrient?  Indicate by + or 0 which phenotypes would be predicted by the hypothesis to grow or not, respectively.
	singly added supplement
	A
	B
	C
	D
	E
	F
	G

	
	
	
	
	
	
	
	

	wild type
	+
	+
	+
	+
	+
	+
	+

	mutant 1
	0
	+
	0
	0
	0
	0
	0

	mutant 2
	0
	0
	+
	+
	0
	0
	0

	mutant 3
	0
	0
	0
	+
	0
	0
	0

	mutant 4
	0
	0
	0
	0
	+
	0
	0

	mutant 5
	0
	0
	0
	0
	0
	+
	0

	mutant 6
	0
	0
	0
	0
	0
	0
	+


See page 93, Q4.1, problems 4.5 and 4.6. Note one phenotype able to grow on C or D
Question 4 for 5 points
The famous Meselson-Stahl experiment in which DNA replication was shown to be semi-conservative relied on separating heavy and light DNA by density.  Would the heavy and light bands be closer or further apart if instead of N-14/N-15, they used C-12/C-13?

See pages 40 and 64, problems 3.1

DNA has, on average, about 4 nitrogens per nucleotide, and about 10 carbons per nucleotide.  Labeling with C-13 will add about 10 daltons per nucleotide, while labeling with N-15 will only add about 4 daltons.  Therefore, there will be a greater difference in density between heavy, hybrid, or light DNA strands and the bands will be further apart.

Question 5 for 5 points
In a hypothetical double-stranded virus, on average, 20% of the bases are thymine.  What is the expected proportion of guanine?

See page 41, Q2.2

If double stranded, every T will be paired with an A, so together they consitute 40% of the bases, leaving 60% to be divided between C and G, which are also paired.  Therefore 30% of the bases will be guanine.

Question 6 for 5 points
What is the primary function of Escherichia coli DNA polymerase I?
See page 73, Q3.2, 3.6, 3.7
DNA polymerase I has the function in DNA replication to replace the RNA primer with DNA.

Question 7 for 16 points

You are trying to make a genomic map of your organism of interest using STS markers.  You have fragmented the DNA and cloned it into a BAC library and found four clones (GP, XR, QM, HW) that contain the indicated markers.  Use this information to determine the sequence of the markers in the genome of interest.

BAC clones

positive probes

GP


2, 8, 15, 18
XR


5, 6, 8

QM


5, 8, 15, 18
HW


2, 15, 17
See page 231, problem 9.8

BAC XR and QM overlap with markers detected by probes 5 and 8, while BAC GP overlaps with QM seen by probes 8, 15, 18.  Therefore the markers must be in this order: 6, 5, 8 on XR.

Likewise, GP, QM, and HW all have marker 15, but only GP and QM have marker 18, therefore the order must be: 6,5, 8, 18, 15.

GP also has marker 2, so this must be next

6, 5, 8, 18, 15, 2,

Since HW has 2, 15, and 17, 17 must be next, and this is all the markers:

6, 5, 8, 18, 15, 2, 17, the direction is not meaningful, 17, 2, 15, 18, 8, 5, 6 is the same answer
Question 8 for 25 points

You have received an expression plasmid from a colleague.  The plasmid should express a protein of interest to you, but your colleague forgot to indicate whether it is designed for expression in bacteria or mammalian cells, or even the length or sequence of the plasmid.  All you know is the sequence of a fragment containing the promoter an open reading frame is contained in a BamHI fragment, shown here as the non-template DNA strand, and the start of transcription as indicated by an underlined G.

5’-........gatcctccg ctggggactt tccagggagg cgtggcctgg 
gcgggactgg ggagtggcga ttgacagccc tcagatcctgc atataatAg 
gctggGgtct aaggaggttg tatggttagt gaaccggtgga cccgcggct 
gcagccttgg aagtgataat agcaccagag gatccactca tcccagaccc 
tgcccgggca gccaaaggtg tcgaccag... -3’

a) Is it more likely to express in bacteria or humans?

b) Identify the first open reading frame in the mRNA by underlining sequence from start to stop codon, inclusively.
c) Design 15 mer primers to amplify the open reading frame by PCR, such that the product will include the start and stop codons at the ends and no more, write sequences of primers 5’->3’

d) Given this DNA and the primers you designed, what other reaction components will you need in the PCR reaction?
e) How many amino acids long is the polypeptide expressed by this fragment?
a)  See page 113, 148 , problems 5.9 and 5.11

See the consensus sequence (TTGACA) about 35 bases upstream of transcription start, the -10 box (Pribnow sequence, TATAAT) 10 bases upstream of transcription start and the Shine-Dalgarno sequence (UAAGGAGG)between the 5’-end of the transcript and the first ATG triplet, all this indicates a bacterial gene.

b)  See page 145, 6.16, 6.21

Start with the first ATG after the start of transcription (5’-end of the mRNA) and continue until the first in frame stop codon, in this case TGA.

c)  See page 190, Q8.1 

The upstream primer is the same as the first 15 nucleotides of the open reading frame, atggttagt gaaccg, the down stream primer will be the complement of the last 15 nucleotides of the open reading frame, including the stop codon.  First write out the last 15 nt = cagccttgg aagtga
and then write its complement 3’->5’ GTCGGAACC TTCACT.  Ten reverse it to write it 5’->3’:  5’-TCACTTCCAAGGCTG-3’

d)  See page 67, problem 3.5
PCR is a DNA polymerase chain reaction, it requires a DNA polymerase, such as DNA polymerase I from Thermus aquaticus, or E. coli DNA polymerase I.  The requirements for DNA polymerase activity are a primer with available 3’ hydroxy annealed to a template DNA, and dNTPs and magnesium(II), in an appropriate aqueous buffer.  Of these, the primed template was given, and polymerase, dNTPs and Mg++ are needed.
e)  See page 145, problems 6.16 and 6.22

The open reading frame begins with ATG and ends at the codon before the stop codon.

atg gtt agt gaa ccg gtg gac ccg cgg ctg cag cct tgg aag TGA
There are 14 codons for amino acids, the polypeptide expressed is expected to be 14 amino acids long.
Question 9 for 15 points
You isolate a protein after 7 months in the cold room, digest it with trypsin and have the peptides sequenced. Only one peptide is sequenced:

amino-val-ser-leu-arg-gly-pro-leu-trp-tyr-glu-lys-gln-trp-leu-thr-gly-carboxy

you want to make an 18-mer oligonucleotide probe to detect the mRNA that expresses your protein.

a) Which 6 amino acid portion would you choose?

b) How many different oligonucleotides would you need to make for that probe?

c) Write the sequence of one of the probes 5’-3’

a)  See problem 6.23

If the codon degeneracy of each amino acid is written out in sequence, it is 4, 6, 6, 6, 4, 4, 6, 1, 2, 2, 2, 2, 1, 6, 4, 4, and there is a 6 amino acid region with a much lower degeneracy, which is preferred for cost and strength of signal. The lowest degeneracy is from the first tryptophan, and ends at the other tryptophan, WYEKQW
b)  See problem 6.23
Aligning the possible codons with the six amino acid sequence gives:

trp-tyr-glu-lys-gln-trp
UGG UAU GAA AAA CAA UGG
    UAC GAG AAG CAG
There are 24 = 16 possible combinations of codons representing that 6 amino acid sequence, and all would be 18 nucleotides long.

c)  See problem 2.9
Arbitrarily choosing one combination of codons would give the sense strand sequence:
5’-UGG UAU GAA AAA CAA UGG-3’
But, we want a probe (DNA or RNA not specified, will give example of DNA) to the messenger RNA, so the probe must be a complement to the portion of the mRNA.  First writing the complement 3’->5’, the sequence is 3’-CCA TTG TTT TTC ATA CCT-5’. Rewriting this 5’->3’ gives 5’-TCCATACTTTTTGTTACC-3’

Question 10 for 5 points

ApoI is a restriction endonuclease that cuts at the 6 base pair sequence RAATTY, where Y is a pyrimidine and R is a purine.  What is the probability that of a 6 base pair sequence being recognized by this enzyme?

See page 167, problem 7.2

The likelihood of any 6 base pair sequence being recognized is a product of the individual base pairs matching the requirements.  One-half of the first base pair, 1/4 of the second, 1/4 of the third, 1/4 of the fourth, 1/4 of the fifth, and 1/2 of the sixths. The product of these is 1/(2x4x4x4x4x2) or 1/1024

Question 11 for 5 points
A mother has a child, and claims support from the state government. The state orders that the mother (M), child (C) and two suspected fathers (F1 & F2) are tested by RFLP using polymorphic VNTR probes in order to identify which, if either of the men are the father in order to force them to help support the cost of caring for the child.  Given an autoradiogram of the Southern blot below, indicate which of the two men are most likely to be the father, and indicate the RFLP bands that are conclusive.

[image: image3]
See page 209 Q8.1 and problems 8.4 and 8.12
In the child, the 4th and 6th band could not have come from the mother or F2, but could have come from F1, therefore F2 can not be the father of the child.  There is no marker in the child that is not accounted for the markers in F1 or the mother.
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