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To read: http://perso.fundp.ac.be/~lambertc/DEA-bioinfo/CLambert_curr_gen_2003.pdf

To read: Wikipidea about Sequence Alignment 

http://perso.fundp.ac.be/~lambertc/DEA-bioinfo/CLambert_curr_gen_2003.pdf


Why alignments ?

• Detect homology

• Study evolution

• Predict functions

• Model 3D-structure



Sequence similarity

• Homologs have a common ancestor

• Gene duplication or speciation

• High sequence similarity indicates 
homology

• Homologs have similar 3D-structure





Convergent evolution



What is an alignment 

THISSEQUENCE 

||  ||||||||      10/12 Identical 

THATSEQUENCE 

THATSEQUENCE 

||      |  |       4/12 Identical 

THISISASEQUENCE 

THISISA-SEQUENCE 

||    | ||||||||   11/12 Identical 

TH----ATSEQUENCE



What can an alignment say ?

Sequence U 

Sequence V 

mismatch 

match 

indel 



An alignment matrix



Dotplots



Dotplots



Dotplots



Dotplots



Dotplots



Dotplots



Dotplots



Types of alignment



Types of alignment



Types of alignment



Types of alignment



Inserting gaps



What is an optimal alignment ?

T H I S S E Q U E N C E 

| |     | | | | | | | |       10/12 Identical 

T H A T S E Q U E N C E 

T H A T S E Q U E N C E 

| |             |     |       4/12 Identical 

T H I S I S A S E Q U E N C E 

T H I S I S A - S E Q U E N C E  

| |         |   | | | | | | | |    11/12 Identical 

T H - - - - A T S E Q U E N C E 



Different scoring
T H I S S E Q U E N C E 

5 8-1 1 4 5 6 0 5 6 9 5      Score = 52 

T H A T S E Q U E N C E 

T H A T S E Q U E N C E 

5 8-1-1-2 0-1 0 5 0 0 5      Score = 18     

T H I S I S A S E Q U E N C E 

T H I S I S A - S E Q U E N C E 

5 8 0 0 0 0 4 0 4 5 6 0 5 6 9 5      Score = 56 

T H - - - - A T S E Q U E N C E



With Gap cost
T H I S S E Q U E N C E 

5 8-1 1 4 5 6 0 5 6 9 5      Score = 52 

T H A T S E Q U E N C E 

T H A T S E Q U E N C E 

5 8-1-1-2 0-1 0 5 0 0 5      Score = 18     

T H I S I S A S E Q U E N C E 

T H I S I S A - S E Q U E N C E 

5 8-1-1-1-1 4-1 4 5 6 0 5 6 9 5      Score = 51 

T H - - - A T S E Q U E N C E



Dynamic programming



Dynamic programming



Dynamic programming



Dynamic programming



Initialisation step: Create Matrix with M + 1 columns 
and N + 1 rows.  First row and column filled with 0.



Matrix fill step: Each position Mi,j is defined to be the 
MAXIMUM score at position i,j  
Mi,j = MAXIMUM [ 
 Mi-1, j-1 + si,,j (match or mismatch in the diagonal) 
 Mi, j-1 + w (gap in sequence #1) 
 Mi-1, j + w (gap in sequence #2)] 



Fill in rest of row 1 and column 1



Fill in column 2



Fill in column 3



Column 3 with answers



Fill in rest of matrix with answers



Traceback step: 
Position at current cell and look at direct predecessors



Traceback step: 
Position at current cell and look at direct predecessors

Seq#1 A 
      | 
Seq#2 A
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Traceback step: 
Position at current cell and look at direct predecessors



Traceback step: 
Position at current cell and look at direct predecessors

Seq#1  G A A T T C A G T T A 
       |   | |   |   |     | 
Seq#2  G G A T - C - G - - A



Pseudocode

for i=0 to length(A)
  F(i,0) ← d*i
for j=0 to length(B)
  F(0,j) ← d*j
for i=1 to length(A)
  for j=1 to length(B)
  {
    Match ← F(i-1,j-1) + S(Ai, Bj)
    Delete ← F(i-1, j) + d
    Insert ← F(i, j-1) + d
    F(i,j) ← max(Match, Insert, 
Delete)
  }



Traceback
AlignmentA ← ""
AlignmentB ← ""
i ← length(A)
j ← length(B)

while (i > 0 or j > 0)
{

  if (i > 0 and j > 0 and F(i,j) == F(i-1,j-1) + S(Ai, Bj))
  {

    AlignmentA ← Ai + AlignmentA
    AlignmentB ← Bj + AlignmentB

    i ← i - 1
    j ← j - 1

  }
  else if (i > 0 and F(i,j) == F(i-1,j) + d)

  {
    AlignmentA ← Ai + AlignmentA
    AlignmentB ← "-" + AlignmentB

    i ← i - 1
  }

  else (j > 0 and F(i,j) == F(i,j-1) + d)
  {

    AlignmentA ← "-" + AlignmentA
    AlignmentB ← Bj + AlignmentB

    j ← j - 1
  }
}



Substitution matrices
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Log Odds Ratios



Point Accepted Mutations (PAM)
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Point Accepted Mutations (PAM)



Blosum



Blosum



Blosum



Blosum



Difference between Pam and Blosum
• PAM matrices are based on an explicit evolutionary model (i.e. 

replacements are counted on the branches of a phylogenetic tree), 
whereas the BLOSUM matrices are based on an implicit model of 
evolution.

• The PAM matrices are based on mutations observed throughout a 
global alignment, this includes both highly conserved and highly mutable 
regions. The BLOSUM matrices are based only on highly conserved 
regions in series of alignments forbidden to contain gaps.

• The method used to count the replacements is different: unlike the PAM 
matrix, the BLOSUM procedure uses groups of sequences within which 
not all mutations are counted the same.

• Higher numbers in the PAM matrix naming scheme denote larger 
evolutionary distance, while larger numbers in the BLOSUM matrix 
naming scheme denote higher sequence similarity and therefore smaller 
evolutionary distance. Example: PAM150 is used for more distant 
sequences than PAM100; BLOSUM62 is used for closer sequences than 
BLOSUM50.



Nucleotide Matrices



Gap models

• Gap-extension

• Gap opening cost



Local and global



Global alignment
Needleman-Wunch

Local alignment
Smith Waterman



Different alignments



Different alignments
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Different alignments



Different alignments



Multidomain proteins



Next lecture

• O(nm) is too slow. How to speed up

• When is a “score” significant.


