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CS262: Computational Genomics


Problem Set 4: Motifs, Chaining,
Due at the beginning of class on Thursday, Jan 27.
Collaboration is allowed in groups of at most four students, but you must submit separate writeups. Please also write the names of all your collaborators on your submissions.  
Please choose four problems out of the following five.  If you choose to submit all five, the four best grades will count.

Problem 1.  Motif Finding

(a) Recall the CONSENSUS algorithm, as described in class. Show an example with N sequences X1, . . . ,XN where the number of saved alignments in each cycle is 3, and a 5-long motif is sought. Make your example such that the best 5-long motif is NOT found, but would be found if 4 alignments were saved each turn.

(b) Recall the EM algorithm for motif finding, in the MEME program. Assume that we have a motif finding problem where the input sequences contain:

• all words of length k consisting only of A and T (2k such words)

• all words of length k consisting only of C and G (2k such words)

• D words ACGT…..ACGT (assume k is a multiple of 4)

Consider two different sets of local maximum parameters:
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Calculate the log likelihood P(X1, . . . ,XN, Z|θ, λ) where Z are the optimal assignments of each of the 2k+1 + D words, in each of the two categories (motif/background), for the above parameters if k = 8, D = 1.  Which local optimum is best?

(c) Repeat the previous part for k = 8, D = 2k+1.

Problem 2.  Chaining Local Alignments
(a) Consider the following problem:

Let S be a sequence of numbers, n1, . . . , nk. Let each number have an associated weight, w1, . . . ,wk. Find the heaviest increasing subsequence of S, that is, a subsequence ni1 , . . . , nim such that i1 < . . . < im, ni1 <  . . . < nim, and wi1 + . . . + wim is maximum.

Show how to solve this problem in O(k log k) time by reducing it to the chaining problem presented in class, for which a sparse dynamic programming algorithm was presented.

-------

Let X be a sequence of length L1 and Y be a sequence of length L2. Let AX and AY be two sequences of (n − 1) anchors that will be used to align X and Y. Anchors in AX and AY are ordered from left to right (anchor i of AX will match anchor i of AY , and is located to the left of anchor j of AX if and only if i < j).

Throughout this problem, assume the lengths of the anchors themselves are negligible. Let xi be the distance between anchors i−1 and i in AX, and similarly for yi. We also include the distances between the beginning of the sequence and the first anchor, and between the last anchor and the end; therefore, the sets Xd = x1, . . . , xn and Yd both have cardinality n, 1 greater than the number of anchors.
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We will globally align X and Y by fixing the alignments of corresponding anchors to each other, and using NW to align the portions of X and Y between neighboring anchors.
(b) Write down a formula for the running time of this anchored alignment in terms of xi and yi.  Suppose L1 = L = L2 and the anchors in X and Y are spaced in exactly the same way; that is, xi = yi for all i.  Write down the running time as a function of L and n, and the sample variance of Xd.  

Definition.  Given a collection of numbers Xd = {x1,…, xn}, the sample variance is defined as:
s2(Xd) = 1/n ({i=1,…,n}(xi – xmean)2, where xmean is the mean of x, xmean = 1/n (({i=1,…,n} xi)
(c)  Without making any assumptions about the relationship between the anchors in X and Y, write down the running time as a function of L1, L2, n, and the covariance of Xd and Yd, cov(Xd, Yd).

Definition.  Given sequences of numbers Xd = x1,…, xn, Yd = y1,…, yn, the covariance of Xd, Yd is:
cov(Xd, Yd) = 1/n ({i=1,…,n}(xi – xmean)(yi – ymean)
Problem 3.  Phylogenetic trees.
(a) Give an algorithm that can determine in O(n2) time if an n(n matrix is an ultrametric matrix.

(b) Two labeled graphs G = (V, E) and G’ = (V’, E’) are isomorphic when we can find a mapping f of the vertices of G to the vertices of G’ such that (x, y) is an edge of G if and only if (f(x), f(y)) is an edge of G’. Such a mapping is called an isomorphism.

Given two phylogenetic trees T and T’ on the same set of N species, describe a linear-time algorithm to determine whether the two trees are isomorphic. The fact that the leaves have distinct labels (one leaf per species) is helpful.
Problem 4.  Multiple Sequence Alignment 
(a) Consensus multiple alignment versus sum-of-pairs multiple alignment.
Definition.  (1) Given a multiple alignment M of a set of strings S, the consensus character of column i of M is the character that minimizes the summed score between the character and all the characters in column i.  (In case of ties, say by convention that we prefer A over C over G over T over ‘gap’).  The score of (gap, gap) is 0.  Let d(i) denote that minimum sum in column i. (2) The consensus string SM derived from alignment M is the concatenation of the consensus characters for each column of M. (3) The alignment score of SM equals to the sum of column scores d(SM) = d(1) + … + d(m), where M has m columns. (4) The optimal consensus multiple alignment is a multiple alignment M for input set S whose consensus string SM has smallest alignment error over all possible multiple alignments of S.  (Definitions are adapted from Gusfield, p. 352.) 

Example: S = {AGCC, ACC, TCC}, and match, mismatch, gap = +2, -2, -3. Consider the following alignments:

M1: {AGCC, A-CC, T-CC}; SM1 = A-CC, and d(SM1) = (+2) + (-3) + (+6) + (+6) = 11.
M2: {AGCC, A-CC, -TCC}; SM1 = AGCC, and d(SM1) = (+1) + (-3) + (+6) + (+6) = 10.
Show an example with three or more sequences where their optimal multiple alignment according to the above model is different from the one according to a SP model. Assume a match, mismatch, and gap penalty of +2, -2, -3.  Let the alphabet be {A,C,G,T}.

(b) Phylogenetic-tree–based alignment.
Definition (1) Given an input rooted binary tree T with a distinct string (from a set of strings S) written at each leaf, a phylogenetic alignment for T is an assignment of one string to each internal node of T.  Note that the strings assigned to internal nodes need not be distinct and need not be from the input string S.  (2) If strings S and S’ are assigned to the endpoints of an edge (i, j), then that edge has edge distance D(S, S’), which is simply the edit distance between the two strings S and S’.  The distance of a phylogenetic alignment is the total of all edge distances in the tree.  (3) The phylogenetic alignment problem for T is to find an assignment of strings to internal nodes of T (one string to each node) that minimizes the distance of the alignment.

Note: it is also possible to define the problem where T is unrooted.  If you prefer that definition, please go ahead and use it instead.
Example: S = {x = AGCC, y = ACC, z = TCC}, and match, mismatch, gap = +2, -2, -3.  Let T = [V = {x, y, z, vyz, vxyz}; E = {(x, vxyz), (vxyz, vyz), (vyz, y), (vyz, z)}, root = vxyz], with leafs {x, y, z} and root vxyz
Here is a phylogenetic alignment, which is just a labeling of the internal nodes:  Label vyz with “ACC”, and vxyz with “ACC”.  Then, the alignment score is D(x, vxyz) + D(vxyz, vyz) + D(vyz, y) + D(vyz, z) = (+3) + (+6) + (+6) + (+2) = 17.
Show an example with three or more sequences where their optimal phylogenetic alignment, the optimal consensus multiple alignment, and the optimal sum-of-pairs multiple alignment all differ from one another.  Assume a match, mismatch, and gap penalty of +2, -2, -3.  Let the alphabet be {A,C,G,T}.
Problem 5.
In this problem you will receive full credit if you submit any answers.  Please help us with thoughtful answers (. 

(a) Give us suggestions regarding at least one topic covered in the class which you think should be considerably shortened or omitted next year.  Optionally, are there any topics you would like/were expecting to be covered?
(b) Which specific problem(s) in the problem sets did you find least useful with respect to “learning/ comprehension units per time spent in the problem”.  Which did you find most helpful? (Please list at least one or two in each category, but not too many—we will thus “grade” each problem by taking a poll).
Any additional comments are welcome!
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“You're lucky nobody was injured. Your base pairs are out of alignment and
that has your reading frames all messed up.”
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