CS 4364/5364 Midterm Spring 2021

1. Use the Needleman- Wunch dynamic programming table for S = CTACTGTGT and 7' = CACCCCTGTG
below to the next questions.
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\O%* (a) How many co-optimal alignments of the two strings are there?

\opr (b) What is the optimal alignment of S[1....3] and T'[1...5]? (note these are prefixes CTA and
CACCC)

|Opr (c) What is the mismatch penalty used to construct the table? match score? indel penalty?

1 &l b ‘_;gl) t Using only the scores in the table above is it possible to determine the score of the
\ optimal alignment of S[4...9] and T'[6...10]? Why or why not?
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2. Use the alignments and plots below to answer the following questions:

|0 o+ (a) Calculate the accuracies for the following groups of alignments, the reference alignment
is provided at the top of each column.

720 ¢r(b) Given the accuracies and the parameter decompositions shown in the figures, what is
the region of the parameter space (identify the corners of the polygon) that provides the
best alignments on average across these two pairs of sequences.

Remember accuracy, with respect to a reference, is the fraction of columns from the reference
that are recovered in a computed alignment; and that each region of the plots corresponds to
a set of parameters that produce the labeled alignment.
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3. Use the suffix tree below to answer the next questions.
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Figure 1: Suffix tree for question 3

5pr (a) What is the full string for which this is the suffix tree?
|opr (b) What is the longest sub-string that occurs 2 times?

‘OY\,(C) What is the lexicographically smallest suffix that is strictly longer than 1 character?
(that is, its more than just $)
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4. Below is an ILP for pairwise global sequence alignment with several constraints missing. The
scoring uses a match score of a, a mismatch penalty of § and an indel penalty of . Define
these constraints.
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Hints:

e The first constraint enforces that each position 7 in S can only be a match, a mismatch
or a deletion, the second constraint will do something similar but for 7.

e The 3rd and 4th constraints decide if a position is a match or mismatch, remember when
defining an ILP we usually say what a value can’t be based on the information in the
problem.

e The 5th constraint will be similar to the one we defined for LCS, but here we have two
variables that can define a match between any two indexes.
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W+ 5. T True or False: When computing the sum of pairs score of a multiple sequence alignment
id + 2mt + 2ms = L(g),

where id i the total number of indels, ms is the total number of mismatches, mt is the total

number of matches, k is the number of strings aligned, and L is the length of the alignment
itself. Justify your answer.

Sy+ 6. (bonus for all) What is the item that is the answer to question 3a? (You can use google for
this one)
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