
Plan
• Problem of sequence alignment

– Algorithm
– Global Alignment
– Local Alignment

• Substitution matrices
• Fast database search: BLAST



Sequence Alignment
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BUT: Dynamic programming can find 
         the optimal solution!

(Due to local additivity of the scoring function
  and the lack of “loops”).
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Score of the optimal alignment that
ends at (i,j)
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Example



Algorithm
1. Build Sij matrix
2. Trace it back
Memory: O(NM)
Time:      O(NM)

• There are EXACT algorithms that take
less memory O(N).

• There are APPROXIMATE algorithms
that take less time O(kN) or aN+O(pN).
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Boundary conditions

• Global
• Local
• Global-local



Global alignment

GGATCC..  
---AAT..

Gap penalty at the head



Local Alignment

IDEA: No penalty for gaps at the ends



Local Alignment

(GGA)---TCCAGT-----(ATTC) 
     ---TCC-GT-----(GGCC)



Global-local Alignment
IDEA: No penalty for gaps at the ends of ONE SEQUENCE



Scoring/substitution
matrices





TIMEEVOLUTIONARY MODEL 
OF SEQUENCE ALIGNMENT





MARKOV CHAIN

TRANSITION MATRIX







FROM TRANSITION MATRIX 
TO ALIGNMENT SCORES

Two hypothesis:  
1. Sequences S1 and S2 are unrelated (=random matching)
2. Sequences S1 and S2 have a common ancestor. 

    Score = Log (P1/P2)

P1 - probability of observed alignment given model 1
P2 - probability of observed alignment given model 2



Dr. Margaret Oakley Dayhoff (1925-1983)



The most parsimonious tree



The number of accepted mutations (Aij)





Database searches
Problem:

Alignment of a gene 1000bp
against the Human genome          bp
...1012 operations…

– protein against a database of 105 proteins
-> 109 operations

– genome against genome
-> 1014 operations

NEED FASTER ALGORITHMS

9103 ⋅



Database searches

WARNING: The final alignment is not very good! 






