Exercise a

Align following sequences:

AAAG

ACG

Using dynamic programming:

Scores: match +1, mismatch –1, gap –2
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In dynamic programming matrix each cell is calculated to be maximum score of alignment.  Calculation is based in maximum score of previous submatrix.  Cell (x,0) means sequence AAAG and it’s subsequences aligned with a null string.  Cells (0,y) is subsequences of ACG aligned with null string.  

Take for instance cell 1,1. This means aligning {A} with {A}.  Options are either:

-     A      A

A     -      A

This means score of +1.  When we then compare {A,A} to {A}. Optimum alignment means a gap in latter sequence before or after A.  Latter case means that a gap is added to already found pair in (1,1). Result is –2 and we remember from where we got that (1,1). And so forth.  When alinging sequences {A,A} to {A,C} the latter can be either {A,-} or {A,C}, a mismatch.  Choosing mismatch means optimum alignment therefore in cell (3,3) source is cell (2,2) and punishment –1 from a mismathc. And so forth. 


Remembering previous subsequence means that in the end we can choose optimum sequence by tracing back.

Using Hidden Markov Model

When solving optimal alignment using HMM what is needed is a finite state automaton (FSA) that contains state for match and two states for insertions – one for both of the strings aligned.  

Then a FSA model is enhanced with transition probabilities, begin and end states.  Vitebri equations for pair –HMM would be:

VM(i,j) = pxi,yj * max{p1*vM(i-1,j-1), p2*vX(i-1,j-1),p3*vY(i-1,j-1)}

Vx(i,j) = qxi * max{(xi*vM(I-1,j),(xi*vX(I-1,j)}

Vy(i,j) = qyi * max{(yi*vM(I-1,j),(yi*vX(I-1,j)}

VM represents score of match, vX score of gap inserted to sequence x and vY score of gap inserted to sequence y.

Where p1,p2,p3,(,( are probabilites, model parameters. Score for match, mismatch and gap (px,y,qx,qy) are in probabilistic terms.

Scores of each equations are calculated to matrices keeping a pointer to from where maximum value come.  The highest score of vM, vY, vX  in the end is the termination of optimal alignment and that is backtracked.  See exercise d for solving optimal paths using Vitebri algorithm. 

