Name_______________________________________   Year_______  Program_______


Question 1.  Blast

The default parameters for Blast use the Blossum62 substitution matrix (shown below), a gap opening penalty of –11, and a gap extension penalty of -1.

   A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V  

A  4 -1 -2 -2  0 -1 -1  0 -2 -1 -1 -1 -1 -2 -1  1  0 -3 -2  0 

R -1  5  0 -2 -3  1  0 -2  0 -3 -2  2 -1 -3 -2 -1 -1 -3 -2 -3 

N -2  0  6  1 -3  0  0  0  1 -3 -3  0 -2 -3 -2  1  0 -4 -2 -3  

D -2 -2  1  6 -3  0  2 -1 -1 -3 -4 -1 -3 -3 -1  0 -1 -4 -3 -3  

C  0 -3 -3 -3  9 -3 -4 -3 -3 -1 -1 -3 -1 -2 -3 -1 -1 -2 -2 -1 

Q -1  1  0  0 -3  5  2 -2  0 -3 -2  1  0 -3 -1  0 -1 -2 -1 -2  

E -1  0  0  2 -4  2  5 -2  0 -3 -3  1 -2 -3 -1  0 -1 -3 -2 -2  

G  0 -2  0 -1 -3 -2 -2  6 -2 -4 -4 -2 -3 -3 -2  0 -2 -2 -3 -3 

H -2  0  1 -1 -3  0  0 -2  8 -3 -3 -1 -2 -1 -2 -1 -2 -2  2 -3  

I -1 -3 -3 -3 -1 -3 -3 -4 -3  4  2 -3  1  0 -3 -2 -1 -3 -1  3 

L -1 -2 -3 -4 -1 -2 -3 -4 -3  2  4 -2  2  0 -3 -2 -1 -2 -1  1 

K -1  2  0 -1 -3  1  1 -2 -1 -3 -2  5 -1 -3 -1  0 -1 -3 -2 -2  

M -1 -1 -2 -3 -1  0 -2 -3 -2  1  2 -1  5  0 -2 -1 -1 -1 -1  1

F -2 -3 -3 -3 -2 -3 -3 -3 -1  0  0 -3  0  6 -4 -2 -2  1  3 -1 

P -1 -2 -2 -1 -3 -1 -1 -2 -2 -3 -3 -1 -2 -4  7 -1 -1 -4 -3 -2 

S  1 -1  1  0 -1  0  0  0 -1 -2 -2  0 -1 -2 -1  4  1 -3 -2 -2 

T  0 -1  0 -1 -1 -1 -1 -2 -2 -1 -1 -1 -1 -2 -1  1  5 -2 -2  0

W -3 -3 -4 -4 -2 -2 -3 -2 -2 -3 -2 -3 -1  1 -4 -3 -2 11  2 -3 

Y -2 -2 -2 -3 -2 -1 -2 -3  2 -1 -1 -2 -1  3 -3 -2 -2  2  7 -1 

V  0 -3 -3 -3 -1 -2 -2 -3 -3  3  1 -2  1 -1 -2 -2  0 -3 -1  4 

3A) (5 pts) Consider the following two alternate alignments of the same two sequences. Which is the better alignment and why?
K P N K A S P R K L A G V A L A 

R P Q R A T P K K - - - A G V A
K P N K A S P R K L A G V A L A 

R P Q R A T P K K - A G V - - A

1st alignment score =22

2nd alignment score=25
The second alignment is better because the benefit of aligning the AGV residues outweighs the cost of opening two gaps.

3B) (5 pts) The largest number in the Blossum62 matrix is eleven. It is given for aligning a tryptophan residue with another tryptophan. Given what you know about how Blossum matricies are constructed propose two different interpretations of this high number. Hint: Tryptophan is the rarest amino acid in real proteins (it has the lowest frequency of occurrence).

.

Tryptophan residues align with each other in real alignments more often than any other residue relative to their frequency in proteins. This could mean that because tryptophan has a bulky aromatic side chain the placement of tryptophan residues in proteins is under more selective constraint than other residues. Alternatively, because tryptophan is so rare the frequency of aligning two tryptphans at random is very low, depressing the denominator of the odds ratio of aligning tryptophan in real proteins versus aligning tryptophan at random.
Question 2. Expression Profiling
2A) (3 pts) Consider a microarray with only six oligonucleotides spotted on it. Here is the raw UNSCALED data for an experiment in which mRNA from two different conditions was hybridized to the array.

Condition 1
Condition 2

Gene 1
10

20

Gene 2
10

20

Gene 3
10

20

Gene 4
10

20

Gene 5
10

20

Gene 6
10

20
What is the change in expression of Gene 1 between the two conditions after scaling the data from each array to have the same total intensity in each condition?

No change.
2B) (3 pts) Here is the raw UNSCALED data from a second experiment.

Condition 3
Condition 4
Gene 1
10

20

Gene 2
10

20

Gene 3
10

20

Gene 4
10

20

Gene 5
10

20

Gene 6
100

20
What is the change in expression of Gene 1 between the two conditions after scaling the data from each array to have the same total intensity in each condition?
20/(10*0.8) =2.5 fold or (20 *1.25)/10 = 2.5 fold

2C) (4 pts) You have performed a series of expression profiling experiments using the Affymetrix Mouse U74 gene chips. Suppose you then ran the K-means clustering algorithm on data from a set of these experiments and found that after 20 rounds of optimization the algorithm was oscillating between two fixed set of positions for your cluster centers. Describe what criteria you could use to make a choice between which set of cluster centers to use in follow up experiments.

Compare variance of expression of genes within and between clusters. Use the centers that gave the largest between cluster variance and the smallest within cluster variance.

Ask which set of cluster centers gives the best enrichment of genes with similar GO terms in the clusters.
Determine which set of clusters best enriches for genes with similar transcription factor binding sites in their promoters.
Question 3. (10 pts) Comparative Genome Hybridizations
You are working in a lab that is trying to determine the genetic causes of Autism. Your hypothesis is that some form of recurrent, germ-line, large-scale, genomic rearrangement plays a causative role in sporadic cases of human autism.  You have available to you 100 lymphoblastoid cell lines (karyotypically stable, plentiful amounts of DNA) from autism patients, and 100 lymphoblastoid cell lines from controls.  Given that you have a finite budget discuss how you would go about screening through these samples to assess whether genomic rearrangements were present and whether they appeared to be associated with autism. Your answer should include a discussion of the number of samples you will screen and the order in which samples will be screened. Also discuss the strengths and weaknesses of any technique you choose to deploy.

We were pretty generous with this one. The important points are as follows:  Don’t start out by screening all the cases and controls; just look at a subset first, preferably cases only since we know what the “reference” genome is supposed to look like.  Karyotypes to see if very large alterations are present.  This is the only way to see if inversions or balanced translocations are present, or you might use SKY to assess translocations (but that will miss inversions).  Then some form of CGH (possibly against a pool of control DNAs) to assess copy number variants (CNVs).  That might be by BAC arrays and then by more focused oligo arrays, or by oligo arrays alone.  Any changes found would then be assessed, in a targeted fashion, on the control cell lines to make sure they were not just frequent polymorphisms in the control population.

Question 4. Population Genetics 

4A) (3 pts) The genomic sequences of Humans and Chimpanzees are approximately 99% identical.  Based on this information, calculate how long ago Humans and Chimpanzees split from their common ancestor.  Assume the mutation rate is 10^-8 mutations per base pair per generation and the average generation time in both species is twenty years.  You may also assume that the effective population size of both humans and Chimpanzees is 20,000.  You may also assume that most loci in the human and chimp genomes are evolving neutrally.

The fixation rate is equal to the mutation rate and is independent of population size.  Thus, the fixation rate is 1e-8 per generation or 1e-8/20years = 5e-10 per year.  A mutation that fixes along either lineage leads to a base pair change, we can write 2*5e-10 substitutions/year * Y years = 0.01.  Solving for Y, we get 10 million years, which is pretty close to the estimate 6.5 million years computed from more precise estimates of the generation times of each species and the germline mutation rate.  

4B) (2 pts) How does this number change if you double the effective population size of both humans and chimps?  Why?

It doesn’t change.  The rate of fixation is equal to the mutation rate, and is not dependent on population size.

4C) (3 pts)  In 1984, Cooper and collegues used RFLP analysis to estimate the heterozygosity, H, in the human population using loci that were most likely neutral.  They estimated H to be 0.0037.  From this value of H, calculate the effective population size of the human population.  Assume the mutation rate is 1e-8 as before.

H = 4Nu/(1+ 4Nu)  
0.0037 = 4e-8*N/(1+4e-8*N)  

Solve for N to get 9.3 e4 (you can also get 9.5e4 depending due to an underflow error that can occur depending on your calculator and how you do the algebra)
4D) (2pts) Consider a population that can be modeled by the Wright-Fisher framework.  At a particular locus, there are two alleles that are under selection.  It is common to specify the relative fitness of A1A1 individuals as 1, of A1A2 individuals as 1-hs and A2A2 as 1-s.  If h = 0, what can we say about the A1 allele?  If h = 1, what can we say about the A1 allele? 

H = 0, A1 is dominant.
H = 1, A1 is recessive. 

Question 5. Proteomics

Your PI is not satisfied with the SeaQuest program and would like you to write a replacement software package.  The workings of your program will be similar to SeaQuest in that you must first generate an in silico mass spectra database from a list of proteins so that you can search this database with your experimental spectra.  The first peptide in your database is Ala-Ala-Cys-Gly-Lys-Leu.  
(4 pts) Compute the ideal MS2 spectra for this peptide (y and b ions).  It is sufficient to list the molecular weights at which you would expect to see a peak for each type of ion.  Assume that under the buffer conditions used, the lysine is not protonated.  (See table on the last page for the molecular weights of the amino acids) 

Y ions

Ala-Cys-Gly-Lys-Leu  = (Ala-16) + (Cys-18) + (Gly-18) + (Lys-18) + (Leu-18 + 17) =

(89-16) + (121-18) + (75-18) + (146-18) + (131 -1) = 491

Cys-Gly-Lys-Leu  = (Cys-16) + (Gly-18) + (Lys-18) + (Leu-18 + 17) = 

(121-16) + (75-18) + (146-18) + (131 -1) = 420

Gly-Lys-Leu = (Gly-16) + (Lys-18) + (Leu-18 + 17) = (Gly-16) + (Lys-18) + (Leu-18 + 17) = (75-16) + (146-18) + (131 -1) = 317

Lys-Leu  = (Lys-16) + (Leu – 18 + 17) = (146-16) + (131 -1) = 260

Leu = (131 +1) = 132

B ions
Ala-Ala-Cys-Gly-Lys = (Ala – 17) + (Ala-18) + (Cys-18) + (Gly -18) + (Lys – 18) = 

(89-17) + (89-18) + (121-18) + (75-18)+(146-18) = 431

Ala-Ala-Cys-Gly = (89-17) + (89-18) + (121-18) + (75-18) = 303

Ala-Ala-Cys = (89-17) + (89-18) + (121-18) = 246

Ala-Ala = (89-17) + (89-18) = 143

Ala = 89-17 = 72
(3 pts) You must now calculate the MS1 spectrum.  You would like to account for isotopes of carbon and get the relative peak heights correct, to aid your search.   Approximately 1% of all carbon atoms are C13, the other 99% are C12.  Your peptide has 29 Carbon atoms.  What will the MS1 spectrum look for this peptide?  Assume a) a charge state of two  b) The peptide with 0 C13 atoms should have a height of 1 unit.  Specifically, what is the M/Z of the peptide with 0 C13 atoms.  What is the M/Z and relative height of the peptide with 1C13 atoms?  What about the peptide with 2 C13 atoms?
First, we calculate the molecular weight.  

Ala-Ala-Cys-Gly-Lys-Leu  = (89-17) + (89-18)+(121-18) + (75-18) + (146-18) + (131 -1) + 2 (for the hydrogen ions that give the charge) = 563

The mass to charge of the parent ion is thus 563/2 = 281.5.  The M/Z of a peptide with 1C13 atom will be 282.0.  

We can calculate the relative peak height using the binomial distribution.  For 

0C13 ions this equals (29 choose 0)*(0.01)^0*(0.99)^29 = 0.747.  You can also use the Poisson distribution to get 1*e^(-0.29) = 0.748 
For 1C13 atom, the binomial gives as (29 choose 1)*(0.01)^1*(0.99)^28 = 0.219.  Alternatively you can approximate the relative peak height using the Poisson distribution 0.29 * e^(-0.29) = 0.217
For two C13 atoms the binomial distribution looks like this: (29 choose 2) * (0.01)^2*(0.99)^27 = 0.031.  Or using the Poisson approximation = (((0.29)^2)/2)*e^(-0.29) = 0.031
Relative peak heights = are 0. 1, 0.293,0.041
(3 pts) Your PI would like you to account for posttranslational modifications in your database.  If the Lysine of this peptide is acetylated, what will the MS2 spectra looks like?  (just show the Y ion spectrum)  Lysine (protonated form) and Acetylated Lysine are shown on the last page of the exam:

MW of acetylated Lysine is Lys – 1 + 114 = 259

The MW of acetylated Lysine listed above is not correct.  It should be 187.  Due to this error we were pretty generous with the grading on this question.  We were looking for a difference of 113 from the Y-ion spectrum above.  So using the incorrect MW, you will get:

Ala-Cys-Gly-AcLys-Leu  = (Ala-16) + (Cys-18) + (Gly-18) + (Lys-18) + (Leu-18 + 17) =(89-16) + (121-18) + (75-18) + (259-18) + (131 -1) = 604

Cys-Gly-AcLys-Leu  = (Cys-16) + (Gly-18) + (Lys-18) + (Leu-18 + 17) = 

(121-16) + (75-18) + (259-18) + (131 -1) = 533

Gly-AcLys-Leu = (Gly-16) + (Lys-18) + (Leu-18 + 17) = (Gly-16) + (Lys-18) + (Leu-18 + 17) = (75-16) + (259-18) + (131 -1) = 430

AcLys-Leu  = (Lys-16) + (Leu – 18 + 17) = (259-16) + (131 -1) = 373

Leu = (131 +1) = 132

Obviously a faster way to do this is just add 113 to the mass of each peptide that contains a Lysine.

Ala-Cys-Gly-AcLys-Leu  = (Ala-16) + (Cys-18) + (Gly-18) + (Lys-18) + (Leu-18 + 17) =(89-16) + (121-18) + (75-18) + (187-18) + (131 -1) = 532
Cys-Gly-AcLys-Leu  = (Cys-16) + (Gly-18) + (Lys-18) + (Leu-18 + 17) = 

(121-16) + (75-18) + (187-18) + (131 -1) = 452
Gly-AcLys-Leu = (Gly-16) + (Lys-18) + (Leu-18 + 17) = (Gly-16) + (Lys-18) + (Leu-18 + 17) = (75-16) + (187-18) + (131 -1) = 358
AcLys-Leu  = (Lys-16) + (Leu – 18 + 17) = (187-16) + (131 -1) = 301
Leu = (131 +1) = 132

Obviously a faster way to do this is just add 41 to the mass of each peptide that contains a Lysine.
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The molecular weights of the amino acids given in this table are for the free acids, not the weights of amino acids when they are incorporated into a peptide chain.
Ala 89





Met 149
Cys 121




Tyr 181
Asp 133




Trp 204
Glu 147




Val 117
Phe 165




Ile 131
Gly 75





His 155
Lys 146 (unprotonated form)

Thr 119
Leu 131




Ser 105
Asn 132




Arg 174
Pro 115




Gln 146
Other molecular weights you might find useful.

Hydrogen 1

Carbon 12

Oxygen 16

Water 18

Nitrogen 
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