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Question 1.  Genome Sequencing and Assembly
The Lander-Waterman equations state that P0 = e-c and that #Gaps = N*P0  where:

c = fold sequence coverage (c = LN/G)

LN = #bases sequenced, i.e. L = read length and N = # reads

G = length of template 

and the constant, e = 2.718
1a) (6 pts) Several companies now sell so called “Next Generation” sequencing machines. These instruments can produce huge amounts of DNA sequence in a short time. Typically, one run of an instrument can produce 48,000,000 independent 25 bp sequencing reads.  Suppose you use just one run on one of these instruments to resequence a new strain of the nematode C. elegans.  Given that C. elegans has a 100 MB sized genome, what fraction of bases in this new genome will be sequenced at least once.

C = LN/G = (25)(48,000,000)/100x106 = 12 fold coverage

P0 = e-c = e-12 = .000006144
P(1 = 1-P0 = 1-.00000614 = 0.99999386
1b) (4 pts) In practice you find that a larger than expected fraction of the genome is not in the final assembly of your data.  Why might this be the case? And why would the problem be comparably worse than if you had gotten the same coverage on a typical capillary gel electrophoresis rig?

Lander-Waterman is always an overestimate of coverage because repeats, duplicated regions, other copy number variants, and low-complexity regions are difficult to fit into the assembly. The problem is exaggerated in Next Generation sequencing because the short length of the reads is shorter than the length of many repeated regions. With the longer reads (700 -1000 bp) from a capillary rig there is the chance to sequence out of a repeat into a region of unique sequence.
Question 2. Motif Finding
During an analysis of a promoter you identify six sites (shown below) that alter the expression of the promoter when they are deleted. 

ACGGAG

ACGTGG

AGGAAG

AGGCAC

ACGCAC

AGGGAC
2a)  (3 pts) Fill in the nucleotide count matrix, N(b,i) for this multiple alignment. Since the number of sites is small be sure to include pseudocounts summing to one in each column, distributed according to the background nucleotide frequencies in the genome. Assume you are working in a genome where %A=%T=20%, and %G=%C=30%.
	A
	 6.2
	 .2
	 .2
	 1.2
	 5.2
	 .2

	C
	 .3
	 3.3
	 .3
	 2.3
	 .3
	 3.3

	G
	 .3
	 3.3
	 6.3
	 2.3
	1 .3
	 3.3

	T
	 .2
	 .2
	 .2
	 1.2
	 .2
	 .2


2b)  In this alignment the nucleotide A is invariant in the first position and the nucleotide G is invariant in the third position. Even though these positions are both invariant they do not contribute equally to the scoring of new sequences. Consider the following two sequences which differ only at the first and third positions.

Sequence 1: TCGGAG

Sequence 2: ACTGAG

(2 pts) Which sequence is a better match to this alignment? (3 pts) Why? Recall that the score of a particular sequence at a particular position in the alignment is given by S(b,i)=log[F(b,i)/P(b)]
Sequence 2 will score better.  The score is better for aligning an A in the first position then aligning a G in the third position because of the difference in the background probabilities of A and G. Because  P(A) < P(G) this means that log[F(A,1)/P(A)] > log[F(G,3)/P(G)].  In other words because the %A in the genome is lower than the %G in the genome it is more surprising to have a position in which A is invariant than a position in which G is invariant.

Question 3. Expression Profiling
3A) (2 pts) Consider an experiment where you perform expression profiling with microarrays comparing cells grown in glucose to cells grown in galactose. 
Gene A changes 10-fold between these two conditions and Gene B changes 1.2-fold. Explain how it could be that the 10-fold change is statistically insignificant whereas the 1.2-fold change is statistically significant.
Must compare the between condition means to the within condition variances (t-test). The gene that changes 10-fold may have very large within condition variances, whereas the gene that changes 1.2-fold may have very small within condition variances.
3B) (2 pts) Give one reason why a 10-fold change in mRNA levels of a particular gene on a microarray could be statistically significant but biologically insignificant.
Many possible answers.  Examples; post-translational regulation, the 10-fold change is still below some threshold level, feedback regulation, etc.
3C) (2pts) Suppose you are comparing expression microarrays between two conditions. Explain how a 10,000 fold change in the expression of just one gene can alter the apparent expression levels of all the other genes on the array.

One very large change can have a significant affect on the total fluorescence on the array which will affect the scaling factor that will be used to compare arrays. The scaling factor used to compare arrays with each other is applied to every gene on the array, not just the ones with large changes.
3D) (2pts) Why does it get harder to find a statistically significant change on a microarray as more and more probes for new genes are added to the array?

Multiple hypothesis testing problem. More genes on the array means more independent tests. With more genes on the array each change much survive a more stringent correction for multiple hypotheses.

3E) (2pts) Give one reason why it is that the brightest spot on an expression array does not necessarily correspond to the mRNA that is most highly expressed in that condition.

Many answers. Intensity depends on hybridization kinetics, labeling efficiency, amount of DNA in the spot, cross-hybridization, etc

Question 4:  Population Genetics and Comparative Genomics

Consider 3 hypothetical species (species A,B, and C).  It is known that sequence variation from these species can be approximated using phylogenetic tree with a star topology:

2.
[image: image1] 

A) (3pts)  We are interested in identifying functional elements of 8bps in size (i.e. the size of a transcription factor binding site).  To accomplish this, we align sequences from the 3 species to the target genome and determine how many substitutions or changes occur in the alignment.  Neutral sequences will have many changes, functional sequences, few.  The problem, then, is to determine the appropriate cutoff to resolve neutral sequences from functional ones.  If the cutoff is chosen so that elements with 3 or fewer changes are considered conserved (out of a possible 3*8 = 24 changes), what is the probability that a neutral site of 8bp will incorrectly be identified as conserved?  (You can assume that the probability that a base in Species C is different from the Human base is 0.3 – that is, you don’t need to use the Jukes Cantor equation)

Using the binomial distribution, the probability of observing 0 mismatches is

(24!/(24!)) (0.7)^24(0.3)^0 =  1.9e-4

The probability of observing 1 mismatch is (24!/((23!)(1!)))*(0.7)^23*(0.3)^1 = 1.97e-3

The probability of observing 2 mismatches is (24!/((22!)(2!)))*(0.7)^22*(0.3)^2 = 0.0097 

The probability of observing 3 mismatches is (24!/((21!)(3!)))*(0.7)^21*(0.3)^3 =  0.0305

Thus the total probability is 0.031 + 0.0097 + 0.00197 + 0.00019 =  0.042
B) (2pts) If I am going to analyze 10 million non-overlapping 8mer sequences, how many false positives would I get with a cutoff of three substitutions?

0.042*10,000,000 = 4.24e5

C) (2pts) If a functional site typically evolves 5 times more slowly than a neutral site, what is the probability that a functional site will display more changes than our cutoff (4 or more changes)?

Using the binomial distribution, the probability of observing 0 mismatches is

(24!/(24!)) (0.94)^24(0.06)^0 =  0.2265

The probability of observing 1 mismatch is (24!/((23!)(1!)))*(0.94)^23*(0.06)^1 = 0.3470

The probability of observing 2 mismatches is (24!/((22!)(2!)))*(0.94)^22*(0.06)^2 =  0.2547

The probability of observing 3 mismatches is (24!/((21!)(3!)))*(0.94)^21*(0.06)^3 =  0.1192

Thus the total probability of 4 or more mismatches is 1- 0.2265-0.3470-0.2547-0.1192 = 0.053

D) (1pt)  Would you suggest raising or lowering the cutoff?

Lowering the cutoff.  There are a large number of false positives, but the sensitivity is currently not bad.

E) (2pts)  Your colleague suggests that one way to improve the power of this approach is to sequence species that are more distantly related to humans (i.e. they have a larger value of D).  Why is this not a good idea?

Alignment becomes bad as you go out.
Question 5.  Mass Spectrometry

Below is a portion of a mass to charge histogram.  The peaks shown represent a trypic peptide.   

[image: image2.emf]Portion of M/Z Histogram

0

20

40

60

80

274.02 274.35 274.68 275.01 275.34 275.67 276.00 276.33 276.67 277.00 277.33 277.67 278.00 278.33 278.67 279.00 279.33

M/Z

Ion Count


5A) (2 points)  What is the charge state of the above peptide?

Charge state is 3.

5B)  (2 points)  Which of the following peptides could cause this peak?


a)  Ser-Ala-Gly

b)  Glu-Phe-Gly-His
c)  Val-Pro-Asp-Asn-Cys-Cys-Arg

d)  His-Pro-Gln-Arg
c)  Val-Pro-Asp-Asn-Cys-Cys-Arg

5C)  (4 points)  For the peptide you selected, compute the M/Z ratio for all possible daughter ions in an MS2 spectra generated from this peptide.  Include both y and b ions.  The charge state of these daughter ions is one.

Y ions

Pro-Asp-Asn-Cys-Cys-Arg  = (Pro-16) + (Asp-18) + (Asn-18) + (Cys-18) + (Cys-18) + (Arg – 18 +17) = (115-16) + (133-18) + (132-18) + (121-18) + (121-18) + (174 -1) = 707

Asp-Asn-Cys-Cys-Arg  = (Asp-16) + (Asn-18) + (Cys-18) + (Cys-18) + (Arg – 18 +17) = 610

Asn-Cys-Cys-Arg  = (Asn-16) + (Cys-18) + (Cys-18) + (Arg – 18 +17) = 495

Cys-Cys-Arg  = (Cys-16) + (Cys-18) + (Arg – 18 +17) = 381

Cys-Arg  = (Cys-16) + (Arg – 18 +17) = 278

Arg = (Arg +1) = 175

B ions

Val-Pro-Asp-Asn-Cys-Cys = (Val – 17) + (Pro-18) + (Asp-18) + (Asn -18) + (Cys – 18) + Cys -18) = 632

Val-Pro-Asp-Asn-Cys = (Val – 17) + (Pro-18) + (Asp-18) + (Asn -18) + (Cys – 18) = 529

Val-Pro-Asp-Asn = (Val – 17) + (Pro-18) + (Asp-18) + (Asn -18) = 426

Val-Pro-Asp = (Val – 17) + (Pro-18) + (Asp-18) = 312

Val-Pro = (Val – 17) + (Pro-18) = 197

Val = (Val – 17) = 100

5D) (2 points)  Approximately 1% of all carbon atoms are C13, the other 99% are C12.  If a tryptic peptide has 30 carbon atoms, what fraction of this peptide will contain exactly 1 C13 atom?  What fraction will contain exactly 2 C13 atoms? What fraction will contain 0 C13 atoms?
Use Binomial 
0 C13:  74.08%

1 C13: 22.2%

2 C13: 3.33%

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.  You need to account for the removal of 2 hydogens and an oxygen for internal amino acids. 
Ala 89

Cys 121

Asp 133

Glu 147

Phe 165

Gly 75

His 155

Ile 131

Lys 146

Leu 131

Met 149

Asn 132

Pro 115

Gln 146

Arg 174

Ser 105

Thr 119

Val 117

Trp 204

Tyr 181

Other molecular weights you might find useful.

Hydrogen 1

Carbon 12

Oxygen 16

Water 18

Equations

Probability Distributions:

Poisson 
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where
· e is the base of the natural logarithm (e = 2.71828...) 

· x is the number of occurrences of an event - the probability of which is given by the function 

· x! is the factorial of x
· λ is a positive real number, equal to the expected number of occurrences that occur during the given interval. 
Binomial
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n = number of trials

k = number of successes

p = probability of success
Gaussian or Normal 
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Sigma = standard deviation

Mu = mean

Equations from Population Genetics 

Rate of fixation (neutral model)

K = u

Heterozygosity

Ht = (1-1/2N)t H0
Mutation Drift balance
Heq = 4Nu/(1+4Nu)

Mutation-Selection balance

q = u/hs

Jukes Cantor

P(D) = ¼ + ¾ e-(4/3) D
D = average number of substitutions

P =  probability that the pair of aligned bases are identical
Human
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D = 0.3 substitutions per base pair





D





D





D








PAGE  
1

