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Sequence data mining using CLUSTAL W 
 

• Sequential pattern mining is a topic of data mining concerned with finding statistically relevant 

patterns between data examples where the values are delivered in a sequence. It is usually presumed 

that the values are discrete, and thus time series mining is closely related, but usually considered a 

different activity. 

 

• Biological sequences define the sequences of nucleotides or amino acids. Biological sequence analysis 

compares, aligns, indexes, and study biological sequences and therefore plays an essential role in 

bioinformatics and current biology. 

 

• Sequence alignment depends on the fact that all living organisms are associated by development. This 

indicate that the nucleotide (DNA, RNA) and protein sequences of species that are nearer to each 

other in evolution must exhibit higher similarities. An alignment is the procedure of lining up 

sequences to obtain a maximal identity level, which also defines the degree of similarity among 

sequences. 
 
 

 
 
 



                                       Conti.. 

• ClustalW is a tool for aligning multiple protein or nucleotide sequences. The alignment is achieved 

via three steps: pairwise alignment, guide-tree generation and progressive alignment.  

• Clustal W is a general purpose multiple alignment program for DNA or proteins. The sensitivity of 

the commonly used progressive multiple sequence alignment method has been greatly improved 

for the alignment of divergent protein sequences. 

• The objective of Clustal W to align three or more sequences to find out structural and functional 
relationship between these sequences. 

• Conserved regions: In biology, during the evolutionary time there may be some regions called 
group of bases or a sequence of nucleotides preserved as such in DNA, those sequences or a 
region, if seen in next generations called as Conserved regions. 

• Consensus Sequence: In a Nucleotide or an amino acid sequence, each base pair (an amino acid or 
a nucleotide) may occur more frequently at a particular region in different sequences of nature. 

 
 

 



                 Summary of MSA Programs 



 

               CLUSTALW / CLUSTAL Omega 

 • Pair wise sequence alignment has been approached with dynamic programming between nucleotide or 

amino acid sequences. The same approach can be used for alignment of ‘n’ number of sequences. But this 

program is limited to pair wise, since there will be exponential increase in memory, number of steps with 

respect to number of sequences. Because of such limitations with dynamic programming, researchers 

came up with an approach called 'progressive method' to align three or more sequences.  

• Progressive method was first suggested by Feng and Doolittle in 1987. It compares only a pair of 

sequences together at a time using the following steps:  

• Using the standard dynamic programming algorithm on each pair, we can calculate the (N*(N-1))/2 (N is 

total number of sequences) distances between the sequence pairs. 

• From the distance matrix  obtained using the clustering algorithm, construct a guide tree. 

• From the tree obtained, align the first node to the second node. After fixing the alignment, add another 

sequence or the third node. Iterate the step until all the sequences are aligned. When a sequence is aligned 

to a group or when there is alignment in between the two groups of sequences, the alignment is performed 

that had the highest alignment score. The gap symbols in the alignment replaced with a neutral character. 

Where it helps to guide the alignment of sequence- alignment and alignment –alignment. 
 

 

 



                                      Conti… 
 

• CLUSTALW uses the progressive algorithm, by adding the sequence one by one until all the 
sequences are completely aligned. 

• Steps for CLUSTAL algorithm 

i)    Calculate all possible pairwise alignments, record the score for each pair. 

ii) Calculate a guide tree based on the pairwise distances (algorithm: Neighbor    

     Joining). 

iii) Find the two most closely related sequences 

iv) Align the sequences by progressive method 

a) Calculate a consensus of this alignment. 

b) Replace the two sequences with the consensus. 

c) Find the two next-most closely related sequences. 

d) Iterate until all sequences have been aligned 

v) Expand the consensus sequences with the (gapped) original sequences 

vi)  Report the multiple sequence alignment 

 
 



















                       Result Analysis 

• The out put of Clustal W you can see that the last lines contains 
seemingly cabalistic signs such as (*), (:), (.). These three symbols 
have very precise meanings. 

• (*) A star indicates an entirely conserved column. 

• (:) A colon indicates columns where all the residues have roughly the 
same size and the same hydropathy. 

• (.) A period indicates columns where the size or the hydropathy has 
been preserved in the course of evolution. 





            Main Criteria for Building a MSA  

1. Structural similarity  

2. Evolutionary similarity  

3. Functional similarity 

4. Sequence similarity 

Main Application of Multiple Sequence Alignment 
1. Phylogenetic analysis 

2. Pattern Identification 

3. Extrapolation 

4. Domain Identification 

5. DNA Regulatory Elements 

6. Structure Prediction 

7. PCR analysis.    



 

• Reference:- 

Bioinformatics “A Beginner’s Guide” by Jean – Michel (Wiley 
publication). 
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