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Local Alignment Example 
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Pseudoknots 

•  bases pairs between a loop and positions outside the enclosing stem 

•  two stems can stack coaxially and mimic a contiguous A-form helix 

A 
U 

A 

U 

G U 
A 

U 

C G 

G C 
G C 

C 

G 

A A G 

A 

A 

U 
C 
A 

A 

G 
C 

5′ 
3′ 

A G U U C G 

A C G G G A A U C A G C 

U U G C C 
A 

A 
A A 

3′ 

5′ 

Image Source: Durbin et al. (2002) “Biological Sequence Analysis” 



Nussinov algorithm 

Objective: To find the secondary structure with the maximal number of base pairs 
under the pseudo-knot exclusion constraint. 
Principle:  Recursive procedure (dynamic programming algorithm). Scoring function: 
sum of base-pair scores, no penalties for loops Optimal score computed from the 
optimal scores of subsequences.  
Filling-stage.  Scores for subsequences are recursively computed from and 
recorded in a quadratic table. 
Trace-back:  Reconstruction of filling steps indicates optimal structure 
Time-complexity: O(N3) 



Example:   GGGAAAUCC	
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The Nussinov Folding Algorithm 

Star*ng	
  with	
  all	
  subsequences	
  of	
  
length	
  2,	
  to	
  length	
  L: 

Where	
  δ(i,j) = 1 if xi	
  and	
  xj 

are	
  a	
  complementary	
  base	
  pair,	
  
and	
  δ(i,j) =	
  0,	
  otherwise.	
  

γ(i,j) is	
  the	
  maximum	
  number	
  
of	
  base	
  pairs	
  in	
  segment [i,j] 



After scores for 
subsequences 
of length 2 (left) 
and 3 (right) 
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Nussinov Folding Algorithm 
 After scores for subsequences of length 4 
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Nussinov Folding Algorithm 
 After scores for subsequences of length 5 
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Nussinov Folding Algorithm 
 After scores for subsequences of length 6 
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Nussinov Folding Algorithm 
 After scores for subsequences of length 7 
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Nussinov Folding Algorithm 
 After scores for subsequences of length 8 

   G  G   G    A   A   A    U   C  C 

G
 G
 G
 A  A  A U

  C
 

i	
  

j	
  

U	
  

A	
   A	
  

C	
  
A	
  

C	
  
G	
  

G	
  
G	
  

0 0 0 0 0 0 1 2 

0 0 0 0 0 0 1 2 3 
0 0 0 0 0 1 2 2 

0 0 0 0 1 1 1 
0 0 0 1 1 1 

0 0 1 1 1 
0 0 0 0 

0 0 0 
0 0 



Nussinov Folding Algorithm 
 After scores for subsequences of length 9 
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Nussinov Folding Algorithm 
 Traceback 
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Nussinov algorithm: fill-
stage 
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Pink: joining of substructures 1..4 and 5..8   

Green: addition of paired bases 1,7  

Blue: addition of unpaired base 3 or 7 

Scoring system:  
δ(i,j) = 1 for all RNA Watson-Crick base-
pairs including G-U else δ(i,j) = 0.  



Nussinov algorithm: trace-
back 
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•  souce code http://www.ibluemojo.com/school/RNA/RNAFolding.java 

•  Blast source code http://blast.ncbi.nlm.nih.gov/Blast.cgi?
CMD=Web&PAGE_TYPE=BlastDocs&DOC_TYPE=DeveloperInfo 

•  BioJava – www.biojava.org 
•  BioPerl  – www.bioperl.org 
•  BioPython – www.biopython.org 
•  BioCorba – www.biocorba.org 
•  C++ www.ncbi.nlm.nih.gov/IEB/ToolBox/CPP_DOC/ 



For two sequences, there are three ways  
to extend an alignment.  

For N sequences,  
there are 2N-1 ways 
to extend an alignment. 
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Three-dimensional Alignment Path Matrix 

3 sequences 
=> 7 ways 

1 

5 

7 

6 

4 

3 

2 

1 2 3 4 5 6 7 



Evolutionary Tree of Bears and Raccoons 
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