Bioinformatics
· Scoring Matrices – nucleotides sequence alignment
· Global and Local Sequence Alignments

· Dynamic Programming: The Needleman and Wunsch Algorithm

Scoring Matrices – nucleotide sequence alignment:
Identity Matrix

	
	A
	T
	C
	G

	A
	1
	0
	0
	0

	T
	0
	1
	0
	0

	C
	0
	0
	1
	0

	G
	0
	0
	0
	1


BLAST matrix

	
	A
	T
	C
	G

	A
	5
	-4
	-4
	-4

	T
	-4
	5
	-4
	-4

	C
	-4
	-4
	5
	-4

	G
	-4
	-4
	-4
	5


Transition (substitution: A – G or C – T: penalty:  -1 ) / Transversions (penalty: -5)

	
	A
	T
	C
	G

	A
	1
	-5
	-5
	-1

	T
	-5
	1
	-1
	-5

	C
	-5
	-1
	1
	-5

	G
	-1
	-5
	-5
	1


· Global Alignment: compare two sequences in their entirety; the gap penalty is assessed regardless of whether gaps are located internally within a sequence, or at the end of one or both sequences. The Needleman and Wunsh Algorithm.
· Semi-global Alignment: different treatment of terminal (end) gaps. Terminal Gaps are usually the result of incomplete data and do not have biological significance. Example: searching the best alignment between the short sequence and entire genom. Modification of Needleman and Wunsh Algorithm.
· Local Alignment: find best matching subsequences within the two search sequences. The Smith-Waterman Algorithm. 
Dynamic Programming approach: The Needleman and Wunsh Algorithm.

· Dynamic Programming Algorithm breaks the problem into smaller sub-problems and uses the solutions of the sub-problems to construct the solution of the larger problem. 

· The score of aligning

x1 · · · xM

y1 · · · yN

is additive
Say that x1 · · · xixi+1 · · · xM
aligns to y1 · · · yjyj+1 · · ·  yN
The two scores add up:

F( x [ 1 : M ],  y [ 1 : N ] ) = F ( x [ 1 : i ],   y [ 1 : j ] ) +  F ( x [ i + 1 : M ] ,  y [ j + 1 : N ] )

Suppose we would like to align two sequences:
x1 · · · xM
and
y1 · · · yN
Let F(i, j) = optimal score of aligning

x1 · · · xi
y1 · · · yj
            There are three possible cases:

1.  xi aligns to yj
x1 · · · xi−1 xi
y1 · · · yj−1 yj

F(i, j) = F(i − 1, j − 1) + 1,     if xi = yj (match score is 1)
F(i, j) = F(i − 1, j − 1) ,          if xi ( yj (mismatch score is 0)
          2. xi aligns to a gap

x1 · · · xi−1xi
y1 · · · yj   −

F(i, j) = F(i − 1, j) − 1 (gap penalty = -1)
        3. yj aligns to a gap

x1 · · · xi   −

y1 · · · yj−1yj
F(i, j) = F(i, j − 1) − 1 (gap penalty = -1)

       Inductive assumption:

If F(i, j − 1), F(i − 1, j), F(i − 1, j − 1) are optimal 
       Then the final formula for the alignment score is:
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· Algorithm: 
· Initialization:
                                  F(0,0) = 0

                           F(0, i) = -i

                           F(j, 0) = -j
· Main Iteration
                     For each    i = 1….M

                 For each  j = 1….N
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· Termination:

                        F(M, N)= optimal score
· Finding the optimal alignment:
       Every nondecreasing path from (0, 0) to (M,N) corresponds to an global alignment of the two sequences.

      Use TracebackPtr starting at (M,N) to trace back an optimal alignment
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