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Simian sarcoma virus onc gene, v-sis, is derived 
from the gene (or genes) encoding a platelet-derived 

growth factor.	
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What I hope you’ll learn 

• What we can learn from 
sequence alignments	



• Fundamentals of alignments	


• Tools for building alignments	
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The Old Way 
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Topics to Cover 

•  Introduction	


– Why do alignments?	


– Definitions	


– Scoring alignments	



•  Pairwise Alignment methods	


•  Multiple sequence alignments	


•  Pre-computed alignment resources	
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Why do alignments 
•  Use sequence similarity to infer homology and/or 

structural similarity between 2 or more genes/
proteins	



•  Identify more conserved regions of a protein, 
potentially identifying regions of most functional 
importance	



•  Compare and contrast homologs (perhaps into 
groups) based on shared positions or regions	



•  Infer evolutionary distance from sequence 
dissimilarity	
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Evolutionary Basis of 
Sequence Alignment 	



•  Similarity - observable quantity, such as 
percent identity	



•  Homology - conclusion drawn from data 
that two genes share a common 
evolutionary history; no metric is associated 
with this	


– Paralog – genes related by duplication	


– Ortholog – genes related by speciation	
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More Definitions 

•  An alignment is a mutual arrangement of 
two sequences, which exhibits where the 
two sequences are similar, and where they 
differ.  	



•  An optimal alignment is one that exhibits 
the most correspondences and the least 
differences. It is the alignment with the 
highest score.  May or may not be 
biologically meaningful.	
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Alignment Concepts 
•  Global alignment - Needleman-Wunsch (1970) 

maximizes the number of matches between the sequences 
along the entire length of the sequences.	



•  Local alignment - Smith-Waterman (1981) produces 
the highest scoring regional match between two sequences.	



•  Insertion and Deletions (indels) 	



•  Affine gap costs - a scoring system for gaps within 
alignments that charges a penalty for the existence of a gap 
and an additional per-residue penalty proportional to the 
gap’s length	
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Global vs Local Alignment 

From Mount, Bioinformatics, 2004, pg 71	



GLOBAL	



LOCAL	
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Possible Alignments 
A: !T C A G A C G A G T G!
B: !T C G G A G C T G!

!I. !T C A G A C G A G T G!

!T C G G A - - G C T G!

II. !T C A G A C G A G T G!

!T C G G A - G C - T G !

III.!T C A G A C G A G T G!

!T C G G A - G - C T G!



Nucleotide vs Protein 
•  If comparing protein coding genes, use 

protein sequences because of less noise	


•  If protein sequences are very similar, it 

might be more instructive to use DNA 
sequences	



•  If interested in DNA alignment of coding 
sequences, first do a protein alignment and 
use it as a template for aligning DNA 
sequences	
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AA Scoring Matrices 

• PAM - point accepted mutation 
based on global alignment  
[evolutionary model]	


	


	



• BLOSUM - block substitutions 
based on local alignments [similarity 
among conserved sequences]	



Log-odds= pair in homologous proteins              	


	

 

pair in unrelated proteins by chance
	



Log-odds= obs freq of aa substitutions	


	

 

freq expected by chance
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Substitution Matrices 
BLOSUM 30	



	


BLOSUM 62	



	


BLOSUM 80	



	


% identity	



PAM 250   (80)	


	



PAM 120   (66)	


	



PAM 90    (50)	


	



% change	



Increasing	



similarity	
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Scoring for BLAST Alignments 
Score = 94.0 bits (230), Expect = 6e-19	
Identities = 45/101 (44%), Positives = 54/101 (52%), Gaps = 7/101 (6%)	
	
Query: 204 YTGPFCDV----DTKASCYDGRGLSYRGLARTTLSGAPCQPWASEATYRNVTAEQ---AR 256	
           Y+  FC      +  + CY G G +YRG    T SGA C PW S      V   Q   A+	
Sbjct: 198 YSSEFCSTPACSEGNSDCYFGNGSAYRGTHSLTESGASCLPWNSMILIGKVYTAQNPSAQ 257	
	
Query: 257 NWGLGGHAFCRNPDNDIRPWCFVLNRDRLSWEYCDLAQCQT 297	
             GLG H +CRNPD D +PWC VL   RL+WEYCD+  C T	
Sbjct: 258 ALGLGKHNYCRNPDGDAKPWCHVLKNRRLTWEYCDVPSCST 298	
	
	
	
	
	

Position  1: Y - Y =   7!
Position  2: T - S =   1!
Position  3: G - S =   0!
Position  4: P - E =  -1!
 !. . .!
Position  9: - - P = -11!
Position 10: - - A =  -1!

!. . . !
!      Sum     230!

Based on 
BLOSUM62	





What’s significant? 

•  High confidence - >40% identity for long 
alignments (Rost, 1999 found that sequence alignments 
unambiguously distinguish between protein pairs of similar 
and non-similar structure when the pairwise sequence 
identity >40%)	



•  “Twilight zone” – blurry - 20-35% identity	


•  “Midnight zone” - <20% identity	
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Topics to Cover 
•  Introduction	


•  Pairwise Alignment methods	



– Dot plot analysis	


– Exhaustive methods; Dynamic programming 

algorithm (Smith-Waterman (Local), Needleman-
Wunsch (Global))	



– Heuristic methods; Approximate methods; word 
or k-tuple (FASTA, BLAST, BLAT)	



•  Multiple sequence alignments	


•  Pre-computed alignment resources	
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Comparing two sequences 
•  DOTLET – Dot Plot (http://myhits.isb-sib.ch/cgi-bin/dotlet)	



•  NCBI	


BLAST 2 Sequences (www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi)	



•  EBI – (http://www.ebi.ac.uk/Tools/psa/)	


GLOBAL	



	

needle (EMBOSS) - Needleman -Wunsch 	


	

stretcher (EMBOSS) – modification of N-W	



LOCAL 	

	


water (EMBOSS) - Smith-Waterman 	


matcher (EMBOSS) -  uses algorithm based on LALIGN	





Dot Plot 
•  Graphical way of looking at alignment of 2 

sequences	


•  Look at structure of a sequence by doing a 

self comparison	


•  Method first described by Gibbs and 

McIntyre (1970)	


•  Can find direct or inverted repeats in 

sequences	
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Dot Matrix Comparison 

http://myhits.isb-sib.ch/cgi-bin/dotlet 	





NCBI – Blast2seq 
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NCBI – Blast2seq 
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NCBI – Blast2seq 
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Pairwise Alignment Tools at EBI 

http://www.ebi.ac.uk/Tools/psa/	
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Needle (global) 
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Needle (global) 
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Water (local) 
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Water (local) 
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Topics to Cover 
•  Introduction	


•  Pairwise Alignment methods	


•  Multiple sequence alignments	


•  Pre-computed alignment resources	





Multiple Sequence Alignment 
•  Additional sequences can help resolve ambiguities 

found in a pairwise comparison	


•  Remove uninformative sequences	


•  Dynamic programming techniques require 

prohibitively large computer resources	


•  Tree or hierarchical methods (successive pairwise 

alignments), Consistency-based methods, 
Template-based methods	
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Multiple Sequence Alignment 
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http://www.ebi.ac.uk/Tools/msa/	





Clustal Omega 
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Muscle 

Identifying and Aligning Homologs (Whitehead Institute)	





T-Coffee 
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M-Coffee 
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http://tcoffee.crg.cat/	





M-Coffee 
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http://tcoffee.crg.cat/	





Other Considerations 

Web vs Command Line 	


–  More options to change parameters	


–  Process lots of alignments in one command	



Which web page to use?	


–  Alignment home page vs uniform interface	



Alternatives	


–  Use subsequences or subset of sequences	



Realign by hand	
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Doing Lots of Alignments 
Our favorite method is to use the T-COFFEE suite (more 
specifically, M-Coffee) to run multiple alignment methods 
and then create a consensus alignment, a sort of a meta-
alignment. This can be done with a single command like	


	


t_coffee my_proteins.fa !
        -method=t_coffee_msa,mafft_msa,probcons_msa,muscle_msa !
        -output=fasta_aln!
	



The final consensus alignment will appear in the file 
my_proteins.fasta_aln, which can them be viewed in JalView.	



Identifying and Aligning Homologs (Whitehead Institute)	





Jalview (http://www.jalview.org) 
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Topics to Cover 
•  Introduction	


•  Pairwise Alignment methods	


•  Multiple sequence alignments	


•  Pre-computed alignment resources	



– Homologene (NCBI)	


– Ensembl (EBI)	
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HOMOLOGENE: http://www.ncbi.nlm.nih.gov/homologene	





Ensembl (www.ensembl.org/) 
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Ensembl 
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Genome Research 2008: PMID 19029536 
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What I hope you learned 

• What we can learn from 
sequence alignments	



• Fundamentals of alignments	


• Tools for building alignments	
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