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MULTIPLE SEQUENCE ALIGNMENT

• In bioinformatics, a sequence alignment is a 
way of arranging the sequences of DNA, RNA 
or protein to identify regions of similarity

• The reason to perform sequence alignment, 
is to find out the regions of similarity, which 
refers to functional equivalence and 
evolutionary relationship between 
sequences.

• Now, Multiple sequence alignment is 
basically an alignment of more than two
sequences



Approaches
To carry out MSA , with dynamic programming, multidimensional matrix 

is needed- the amount of computing time and computer memory it requires 
increases exponentially as the number of sequence increases. So it cannot be 
applied for more than 10 sequences.

Hence , Heuristic approaches which engage pairwise dynamic 
programming algorithms are most often used.

It falls into three categories:

1. Progressive alignment type( ex- Clustal tool )

2. Iterative alignment type

3. Block- based alignment type 



STEPS INVOLVED IN MULTIPLE SEQUENCE 
ALIGNMENT 

1. Align the new sequence to each of the previous sequence

2. Create a distance matrix / function for each sequence 
pair

3. Create a phylogenetic guide tree from the matrices 
placing the sequences at the terminal nodes.

4. Use the guide tree to determine the next sequence to be 
added to the alignment.



TOOLS OF MSA

• Clustal W

• Clustal W2

• Clustal Omega

• MAFFT

• MUSCLE

• M View

• T- Coffee

• Web PRANK

• MACAW



ClustalW

• CLUSTALW (eg.https://www.genome.jp/tools-bin/clustalw) is a progressive 
MSA program, which follows a heuristic approach.

• ClustalW is produced by Julie D. Thompson, Toby Gibson of European 
Molecules Biology Laboratory.

• ClustalW can create multiple alignment , manipulate exciting alignment, 
do profile analysis and create phylogenetic trees. 

• Alignment can be done by 2 methods;

1.  Slow/accurate

2.  Fast/approximate

•  ‘W’ stands for ‘weighted’ (sequences are weighted differently). 



• The Clustal software align sequence using a 
heuristic that progressively builds a multiple 
sequence alignment from series of pairwise 
alignment.

• This method works by analysing the sequence as 
a whole, then utilizing the UPGMA /Neighbor-
joining methods to generate a distance matrix.

• A guide tree is then calculated from the scores 
of  the sequences in the matrix, then 
progressively align the sequence in order of 
similarity

• Essentially, Clustal creates multiple sequence 
alignment through three main steps:



The ClustalW Algorithm

• Step 1 : Determined all pairwise alignment between sequence and 
determine degree of similarity between each pair.

• Step 2 : Construct a similarity tree.

• Step 3 : Combine the alignment starting from the most closely related 
group to the most distantly related groups using the “once a gap always a 
gap” rule.















Result











ClustalW 
output -
Symbol

• ‘ * ‘ indicates positions which have a single fully
conserved residue

• ‘ : ‘ indicates that one of the following ‘strong’ 
groups is fully conserved

STA

NEQK

NHQK

NDEQ

QHRK

MILV

MILF

HY

FYW



Cont,
• ‘. ‘indicates that one of the following ‘weaker’ groups is fully conserved

CSA

ATV

SAG

STNK

STPA

SGND

SNDEQK

NDEQRK

NEQHRK

FVLIM

HFY





T-COFFEE

• T-COFFEE (Tree –based Consistency Objectives Function For AlignmEnt
Evaluation) is a multiple sequence alignment software using a progressive 
approach.

• It generates a library of pairwise alignment to guide the multiple sequence 
alignment.

• It has advanced features to evaluate the quality of alignments and capacity 
for identifying occurrence of motifs.

• The main characteristic of T-coffee is that it will combine results obtained 
with several alignment methods. This tool can align up to 500 sequences or a 
maximum file size of 1 MB.

• T coffee integrates different Pair-wise alignment techniques and combines 
different multiple alignment methods and sequence alignment methods and 
plug in user knowledge



ALGORITHMS

How coffee works? 

• T-Coffee alignment utilizes heterogeneous data sources and provide 
simple and flexible means of generating multiple alignment.

• Create a library of pairwise alignment for each possible pairs of 
sequences and compare each pair of aligned residues in the MSA to its 
counterpart in the library.

• T-coffee can complete multiple alignment using a library that was 
generated using a mixture of local and global pair-wise alignment.

• Weight alignment by the percentage of identical residues.

• Residues that consistently match up, end up with very high weight, this 
is what is meant by CONSISTENCY-BASED SCORING.



The overall consistency score is equal to the number of pairs that 
occurs in both MSA and the library, divided by the total no. Of pairs in 
MSA.



T- Coffee and Consistency.....

1. With T-coffee we pre -process a data set of all pair -wise alignment 
between the Sequences.

2. This provides us with a library of alignment information that can 
used to guide the progressive alignment.

3. Intermediate alignment are based not only on the sequence to be 
aligned next, and also on how all of the sequence align with each 
other.















Applications of MSA

• Detecting similarities between sequences(closely or distinctly related). 

• Detecting conserved regions or motifs in sequences. 

• Detecting of structural homologies. 

• Thus, assisting the improved prediction of secondary and tertiary 
structures of proteins.

• An important step for phylogenetic analysis.

• Useful in designing experiments to test and modify the function of 
specific proteins and also in predicting the function and structure of 
proteins, and in identifying new members of protein families.
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