Biol223_Smith Exam II 19 December 2003    PAGE 4 of 5       Exam #


Biology 223, sections 5 & 6 (Smith)

Fall 2003

Exam II, 19 December 2003 7:30 am - 8:50 am

EXAM COPY  #

No notes, no calculators, no phones.

Write your name and student ID number on 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.

100 points possible, 80 minutes.

Note points per question and spend your effort accordingly!


codon chart



Second base
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Question 1 for 15 points
Mendel studied 7 unlinked characteristics of the common pea plant, in which smooth seeds are dominant over wrinkled seeds, yellow seeds are dominant over green seeds, gray coated seeds are dominant over white coats, axial flowers over terminal, inflated pods over pinched, green pods over yellow, and tall stems over short.  If a true breeding stocks of peas with:

smooth, yellow seeds with gray coats, terminal flowers, pinched, yellow pods, and short stems

is crossed with a true breeding strain of peas with:

wrinkled, green seeds with gray coats, axial flowers,

inflated, yellow pods and tall stems,
what proportion of the F2 generation is expected to have wrinkly, yellow, gray-coated seeds, with axial flowers and pinched green pods and short stems?

choose some labels

RR GG WW tt pp yy ss  X  rr gg WW TT PP yy SS

so F1 is Rr Gg WW Tt Pp yy Ss

and question is what proportion of F2 is:

rr   G-   W-   T-   pp   yy   ss?

1/4  3/4  1/1  3/4  1/4  1/1  1/4

= 9/1024 or about 1%

Question 2 for 15 points
Mellie asks you whether she should be concerned because her fiancé, Phad Bart, has a brother named Fig with chronic flatulence.  Her concern is not the unpleasantness of the expected obligatory family visits, because no one else her fiancé’s family is afflicted.  Her concern is that there is one relative in her family, her mother's half sister (by a different grandmother), who also had this condition.  It is caused by intestinal lactase deficiency, fortunately a very rare, recessively-inherited, enzyme deficiency.  Diagram the relevant genealogy and determine the probability that the first child of Mellie and Phad Bart will suffer chronic flatulence.


[image: image2]
Mellie’s grandfather must have been f+, assume her grandmother and father were ++ because the allele is rare, so her mother had a 1/2 chance of inheriting one f allele, and another 1/2 chance of passing it to Mellie, so1/2 x 1/2 that Mellie is f+.  Phad’s parents must be both f+, so he has 2/3 chance of being f+ (either ++, f+, or +f, if ff, we would know). And if two f+ have a child, the chance of being ff is 1/4, so 1/4 x 2/3 x 1/4 = 1/24

Question 3 for 15 points
Use the following two point recombination data to map the genes concerned.  Show the order and the length of the shortest intervals.  Also explain why the recombination frequencies are not strictly additive (in less than 70 words).

	Gene loci
	% recombination
	
	Gene loci
	% recombination

	a,b
	11
	
	b,d
	5

	a,c
	31
	
	b,e
	9

	a,d
	14
	
	c,d
	10

	a,e
	3
	
	c,e
	18

	b,c
	13
	
	d,e
	12


a 3 e 9 b 5 d 10 c or equivalent c 10 d 5 b 9 e 3 a

Even numbers of crossing over between markers does not result in detectable recombination:  recombination frequency is an accurate measure of crossing over only when multiple crossing over is rare, as when the genes are physically close.

Question 4 for 10 points
In the mythical unicorn, right-handed helical horns (h+) are dominant to left-handed horns (h), and gold manes (m+) are dominant over silver (m), and the two genes are very closely linked.  A herd of true-breeding, right-handed, silver-maned unicorns breeds with a herd of true-breeding, left-handed, gold-maned unicorns.  Use proper genetic notation to describe the common genotypes of the offspring in the F1 and F2 generation

parents are +m/+m  x  h+/h+

so F1 will be all right-handed gold-maned unicorns, +m/h+ (h+/+m is genetically indistinguishable) note this is trans, not cis.
and not considering recombinants, because the genes are very closely linked

there will be 3 genotypes in the F2 generation

+m/+m, parental right-handed, silver-maned

h+/h+, parental, left-handed, gold-maned

+m/h+, is trans, right-handed, gold-maned unicorns.

Question 5 for 4 points
Three unrelated families of true-breeding albinos formed a multi-generation support group.  Many intermarriages among the families resulted.  It was noted that in the first generation of interbreeding, the offspring of Johnson-Wilson couples were always albino, but when Johnsons or Wilsons had children with Millers, the offspring were never albino.  What should you suspect about the biochemistry of albinism (in 2-50 words)?

Since the Millers can complement the other families, albinism must be multigenic, so probably there are at least two enzymatic steps to produce pigments in humans.

Question 6 for 21 points
You are interested in an enzyme and want to identify how the amino acids in a particular region of 6 amino acids controls substrate choice.  An MD-Ph.D. student is particularly bright and interested in the project for her doctoral thesis, but not being very curious, she has a weak command of molecular genetics.  She first suggests that the region be completely randomized in order to test every possible combination of every possible amino acid in this region.

a) How many combinations would that be?  2 points

Six positions, each with 20 possibilities, so 20 to the power of 6 combinations.

After some discussion, the decision is made to test all possible single amino acid substitutions in the 6 amino acid region.

b) How many would that be?  2 points

Six positions, each with 19 possibilities, only one change from wild-type, so 6 x 19.

She then naively proposes to construct a library using a collection of synthetic oligonucleotides, in which each oligonucleotide is randomized at one (and only one) nucleotide position in the region coding for the 6 amino acids.

c)  How many different individual oligonucleotides would that be?  3 points

Six amino acids means 18 nucleotides (3 nt codon for each amino acid), each having 4 possibilities, so 18 x 3 oligonucleotides.

You then explain to her that this approach will not generate a random library of single amino acid substitutions

d) Why not (in less than 20 words)?  6 points

To switch between two codons may require up to three nucleotide substitutions, for example, no single nucleotide change would convert an isoleucine codon (AUA, AUC, AUU) to a tryptophan codon (UGG), rather 3 positions would need to be mutated.

The starting sequence (wild type) is:

-R24-I25-W26-A27-E28-M29-

-CGG-ATA-TGG-GCA-GAA-ATG-

-Arg-Ile-Trp-Ala-Glu-Met-

From previous experiments it is already known that the enzyme has wild type activity when position 25 is not too hydrophilic (Ala, Gly, Ile, Leu, Met, Phe, Pro, Trp, or Val), and when position 26 is a large aromatic (Phe, Trp, or Tyr), and when position 27 is not aromatic (His, Phe, Trp, or Tyr), when position 28 is acidic (Asp or Glu).  Nothing is known about position 24 or 29.  At this point you ask her:

e) At which positions will a single nucleotide substitution certainly not result in a change in enzyme activity?  Mark with an O those positions where a single nucleotide change will still produce an enzyme with wild-type activity.  8 points

- C G G - A T A - T G G - G C A - G A A - A T G -
- _ _ _ - _ _ _ - _ _ _ - _ _ _ - _ _ _ - _ _ _ -

- _ _ O - O _ O - _ _ _ - O O O - _ _ O - _ _ _ -
Question 7 for 15 points
In a partial diploid of lac operon including the LacI gene, one copy is completely wild type, but the other expresses a mutant repressor that functions normally except that it binds and responds to fructose the same way the wild-type repressor binds and responds to allolactose (the isomer of lactose that activates the lac operon). If each operon expresses 24 repressor monomers, and they combine at random to make tetramers, and the tetramers bind the operator normally unless each subunit of the tetramer is bound with the appropriate sugar

a)  what proportion of tetramers is completely fructose sensitive?

b)  how will the expression of beta-galactoside change when only fructose is added to the minimal medium?

c)  if tetramers (homo or hetero) would unbind the operator when just one subunit binds the appropriate sugar, rather than requiring 4 sugars, how would the expression of beta-galactosidase change if only fructose is added to the minimal medium?

a) Probability of each monomer is 1/2, so 1/16

b) Since only 1/16 of repressors will respond, there are many that will not respond, and they will stay bound and the operon will stay repressed, beta-galactosidase expression will not change.

c) if only one sugar needs be bound, then 15/16 of repressors will be functional, and only 1/16 will be insensitive.  Since only 12 functional tetramers, and 2 DNAs, there will not be enough actively repressing repressors, and beta-galactosidase will be no longer repressed, and it will be expressed.

ch 17  5 points

Question 8 for 5 points
Which position of which nucleotide is methylated in human DNA as an epigenetic signal?  Describe with words or structures.

Carbon 5 of cytidine.
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