
Sequence Alignment



Why do we want to compare 
sequences?
• Evolutionary relationships

• Phylogenetic trees can be constructed based on comparison of the sequences of a 
molecule (example: 16S rRNA) taken from different species

• Residues conserved during evolution play an important role

• Prediction of protein structure and function
• Proteins which are very similar in sequence generally have similar 3D structure and 

function as well

• By searching a sequence of unknown structure against a database of known proteins 
the structure and/or function can in many cases be predicted



Using sequence alignment to search databases

• The most common usage of pairwise sequence alignment is 
searching databases for related sequences

• Although the alignments themselves may be unreliable the 
alignment scores gives a lot of information about which 
sequences are related and which are not

• Having a set of related sequences is a lot more informative 
than just one sequence - even if nothing is known about the 
related sequences



Sequence alignment is a way of arranging the sequences of 

DNA, RNA or protein to identify regions of similarity that may 

be a consequence of functional, structural or evolutionary 

relationships between the sequences. 

The procedure of comparing two (pair-wise alignment) or 

more multiple sequences is to search for a series of individual 

characters or patterns that are in the same order in the 

sequences.

 There are two types of alignment: local and global. 

What is sequence alignment?



Global alignment vs Local alignment

Global alignment is attempting to match as much of the sequence as 
possible.

The tool for Global alignment is based on Needleman-Wunsch algorithm. 

-Entire sequence of each protein or DNA sequence 

 Local alignment is to try to find the regions with highest density of matches. 
The tool for local alignment is based on Smith-Waterman. 

-Focuses on the region of greatest similarity between two sequences

 Both algorithms are derivates from the basic dynamic programming 
algorithm.

L G P S S K Q T G K G S - S R I W D N

Global alignment

L N - I T K S A G K G A I M R L G D A

- - - - - - - T G K G - - - - - - - -

Local alignment

- - - - - - - A G K G - - - - - - - -



Local or global alignment

• Generally local alignment is used for performing database searches
• For most cases you would be interested in knowing if any parts of you sequences 

looks like something else

• The protein sequence databases have not been split into domains

• It is not always the optimal thing to do but …
• In the case where the complete sequence should match the local alignment score will 

be almost identical to the global one

• If you really want a global alignment you can make it afterwards



 Sequence alignment is useful for discovering structural, 

functional and evolutionary information in biological sequences.

 Sequences that are very much alike may have similar secondary 

and 3D structure, similar function and likely a common ancestral 

sequence. It is extremely unlikely that such sequences obtained 

similarity by chance. 

-- For DNA molecules with n nucleotides such probability is very 

low P = 4-n. 

-- For proteins with n nucleotides, the probability even much lower 

P = 20 –n. 

Sequence alignment makes the following tasks easy: 1.annotation 

of new sequences; 2. modelling of protein structures; 3. design and 

analysis of gene expression experiments

Why do sequence alignment?



Alignement evaluation

What is a good alignment ?

• We need a way to evaluate the biological meaning of a given 

alignment

• Intuitively we "know" that the following alignment:

is better than:

CGAGGCACAACGTCA

||| |||  ||||||

CGATGCAAGACGTCA

ATTGGACAGCAATCAGG

|     ||  |     |

ACGATGCAAGACGTCAG

• We can express this notion more rigorously, by using a scoring 

system.



Scoring system

Simple alignment scores

• A simple way (but not the best) to score an alignment is to 

count 1 for each match and 0 for each mismatch.

Score: 12

CGAGGCACAACGTCA

||| |||  ||||||

CGATGCAAGACGTCA

ATTGGACAGCAATCAGG

|     ||  |     |

ACGATGCAAGACGTCAG

Score: 5



Terminologies of sequence comparison

Sequence identity -- exactly the same Amino Acid or Nucleotide in the 
same position.

Sequence similarity -- Substitutions with similar chemical properties.

Sequence homology -- general term that indicates evolutionary 
relatedness among sequences; we usually measure of percentage 
identity of sequence homology

Pairwise alignment -- used to find the best-matching piecewise (local) or 
global alignments of two query sequences. Pairwise alignments can 
only be used between two sequences at a time.

Multiple sequence alignment -- try to align all of the sequences in a 
given query set.



Gaps

Insertions or deletions

• Proteins often contain regions where residues have been inserted

or deleted during evolution

• There are constraints on where these insertions and deletions can

happen (between structural or functional elements like: alpha 

helices, active site, etc.)

Gaps in alignments
GCATGCATGCAACTGCAT

|||||||||

GCATGCATGGGCAACTGCAT

can be improved by inserting a gap

GCATGCATG--CAACTGCAT

|||||||||  |||||||||

GCATGCATGGGCAACTGCAT



• Pairwise alignment is useful as a way to identify mutations 

that have occurred during evolution and have caused 

divergence of the sequences of two proteins. 

• The most common mutations are substitution, insertions

and deletions. 

• Insertions and deletions are occur  when residues are 

added or removed and are typically represented by 

dashes that are added to one or other sequence. 

• Insertions and deletions are referred to as gaps in the 

alignment. 



Importance of Similarity

For sequences which are more than 100 amino acids (or nucleotides) long:  They 

can be considered as homologues if 20% of the aa are identical (70% of  

nucleotide for DNA). Lower than this is called the twilight zone.

Twilight zone = protein sequence similarity between ~0-20% identity:  is 

not statistically significant, i.e. could have arisen by chance.

Beware:

• E-value (Expectation value) : which tells you how likely it is that the similarity  

between your sequence and a database sequence is due to chance

(the lower the better)

• Length of the segments similar between the two sequences

•The number of insertions/deletions



Importance of Similarity
Database Search



Pairwise alignment of hemoglobin alpha chain and 
myoglobin

24.7% identity;         Global alignment score: 130

10        20        30        40        50

HBA_HU VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKG---

::: ..   :  .:.:: : .. .: . : :.: : : :   : .:   .  :..:.

MYG_PH VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLKTEAEMKASED

10        20        30        40        50        60

60        70        80        90        100       110

HBA_HU ---HGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNF-KLLSHCLLVTLAAHL

::  :  ::   . .       :. :.. :: : .. :... ...:. .. .: ..

MYG_PH LKKHGVTVLTALGAILKKKGHHEAELKPLAQSHATKHKI-PIKYLEFISEAIIHVLHSRH

70        80        90        100       110

120       130       140

HBA_HU PAEFTPAVHASLDKFLASVSTVLTSKYR------

:..:   ......: :      ...::.

MYG_PH PGDFGADAQGAMNKALELFRKDIAAKYKELGYQG

120       130       140       150



A multiple sequence alignment of globins

HBB_HUMAN   --------VHLTPEEKSAVTALWGKVN--VDEVGGEALGRLLVVYPWTQRFFESFGDLST

HBB_HORSE   --------VQLSGEEKAAVLALWDKVN--EEEVGGEALGRLLVVYPWTQRFFDSFGDLSN

HBA_HUMAN   ---------VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF-DLS-

HBA_HORSE   ---------VLSAADKTNVKAAWSKVGGHAGEYGAEALERMFLGFPTTKTYFPHF-DLS-

MYG_PHYCA   ---------VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLKT

GLB5_PETMA  PIVDTGSVAPLSAAEKTKIRSAWAPVYSTYETSGVDILVKFFTSTPAAQEFFPKFKGLTT

LGB2_LUPLU  --------GALTESQAALVKSSWEEFNANIPKHTHRFFILVLEIAPAAKDLFSFLKGTSE

*:  :   :   *  .           :  .:   * :   *  :   . 

HBB_HUMAN   PDAVMGNPKVKAHGKKVLGAFSDGLAHLDN-----LKGTFATLSELHCDKLHVDPENFRL

HBB_HORSE   PGAVMGNPKVKAHGKKVLHSFGEGVHHLDN-----LKGTFAALSELHCDKLHVDPENFRL

HBA_HUMAN   ----HGSAQVKGHGKKVADALTNAVAHVDD-----MPNALSALSDLHAHKLRVDPVNFKL

HBA_HORSE   ----HGSAQVKAHGKKVGDALTLAVGHLDD-----LPGALSNLSDLHAHKLRVDPVNFKL

MYG_PHYCA   EAEMKASEDLKKHGVTVLTALGAILKKKGH-----HEAELKPLAQSHATKHKIPIKYLEF

GLB5_PETMA  ADQLKKSADVRWHAERIINAVNDAVASMDDT--EKMSMKLRDLSGKHAKSFQVDPQYFKV

LGB2_LUPLU  VP--QNNPELQAHAGKVFKLVYEAAIQLQVTGVVVTDATLKNLGSVHVSKGVAD-AHFPV

. .:: *.  :   .                  :  *.  *  .       : .



Why multiple alignment is better

• More sequences contain more information

• Multiple sequence alignment allows us to compare all related 
proteins simultaneously

• It allows us to identify features that are conserved among the 
sequences

• Using a multiple sequence alignment (a profile) one can find more 
related sequences than by simple pairwise comparison



• Align

NP_005359.1

NP_999401

by using BLAST Alignment tool



Align two (or more) sequences by using BLAST



1. NM_000184.2

2. NM_008220.5

Align nucleotide sequence/DNA-blastn





Align a.a sequence/protein-blastp

1. AAF87098.1

2. BAB03272.1



% 81 Identical
% 88 Similar

+ shows  similar substitutions



• Performing multiple sequence alignments is useful in identifying 
regions of similarity.

• These may represent functional, structural, or evolutionary 
relationships between species. 



‽ What do you think? Discuss in small groups. 
• Let’s say we want to understand the functional similarities/differences 

between two enzymes. Would it be more informative to align DNA sequences 
or amino acid sequences? Why? 



Clustal Omega 
(http://www.ebi.ac.uk/Tools/msa/clustalo/)

• Is a multiple DNA, RNA, or protein sequences can be aligned using 
this tool to identify areas of similarities. These similarities may be 
associated with specific features that are highly conserved which in 
turn can aid in classifying sequences. 

http://www.ebi.ac.uk/Tools/msa/clustalo/




Alignment of 2 human zinc finger proteins by ClustalW

-ABB24881.1

-ABB24882.1







• Align;

- NP_000509.1

- XP_508242.1

- NP_001257813.1

- NP_058652.1

- NP_990820.1



BIOL312

Protein Structure and Domain



Protein Structure

Four levels of structure;

-Primary: a.a. sequence of the polypeptide

-Secondary: H-bonded 3D local conformation E.g.: α-helix, β-pleated 
sheet

-Tertiary: folded structure in #D space. Formed by the interactions 
between the side chain R-groups; ionic interaction. 

*chaperone molecules

*domains

-Quaternary: over-all structure of multimeric proteins. 



a) The primary structure of a protein
refers to the linear polypeptide chain of
amino acids.

b) The secondary structure includes
elements such as alpha helices and beta
sheets.

c) The tertiary structure is the three-
dimensional structure of the protein chain.

d) The quaternary structure includes the
interactions of the protein with other
subunits and heteroatoms.



Domains: In folded conformation, most proteins 
contain specific domains that are discrete structural 
and functional units of the protein. 

These domains are coded by short a.a. sequences and 
have been linked with specific functions. 

• Certain domains have been associated with certain 
protein families. 

• Open reading frames can help us assign them into 
protein families or understand their functions. 

• Domains can help make evolutionary connections 
between species and understand homology between 
proteins. 



1- UniProt
(www.uniprot.org)
• The mission of UniProt is to provide the high-quality and freely 

accessible resource of protein sequence and functional information.



UniProt
(www.uniprot.org)
• The mission of UniProt is to provide the high-quality and freely 

accessible resource of protein sequence and functional information.



Search for: MAPK1 in human


