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1. (25 points) Profile Alignment Problem Given two sequence profiles T and S, of sizes σ×n and
σ×m respectively (that is each represents a sequence of length n [m], but with probabilities
of each character from the alphabet at each position), determine the optimal alignment (i.e.
which columns of S align with which columns of T ) under the scoring scheme δ.

Your task: modify the Needlman-Wunch global alignment algorithm to consider these profiles
rather than sequences. You can assume that the replacement costs are defined in a function
δ(a, b)→ Z,∀a, b ∈ Σ∪{′−′}. Give the algorithm, an explanation of correctness, and analysis
of it’s running time.

An example alignment is shown below over the alphabet Σ = {A, C, T, G}, as well as it’s
alignment score. Note that the score for a column is now no longer the value of δ for the two
characters being aligned, but the weighted sum of these values.

Figure 1: Alignment of two profiles

Figure 2: Scoring scheme
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