
Sequence Analysis and 
Alignment
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Definition of Sequence Alignment

Computational procedure (“algorithm”) for comparing two/many sequences

• identify series of identical residues or patterns of identical residues
that appear in the same order in the sequences

• visualized by writing sequences as follows:

• sequence alignment is an optimiztion problem
bringing as many identical residues as possible into corresponding positions

MLGPSSKQTGKGS-SRIWDN*

||    |  |||   |  |

MLN-ITKSAGKGAIMRLGDA*

Pairwise Global Alignment

(over whole length of  sequences)

GKG 

|||

GKG         

Pairwise Local Alignment

(similar parts of  sequences)
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Algorithms for Local Sequence Aignments

• Sequence Similarity and Homology

– Origins of homology

– Sequence alignment

– Global Alignment

– Local Alignment

• Content of Sequence DBs

– GenBank, SwissProt, RefSeq

– Size of sequence DB requires special search tools

• Algorithms for searching Sequence Databases

– Basics of sequence DB searches

– Efficient detection of identical k-mers

– BLAST2 improvements

– Statistical significance of hits

Outline follows: David W. Mount,
"Bioionformatics - Sequence and 

Genome Analysis“ Cold Spring 

Harbour Laboratory Press, 2001.

Online: 

http://www.bioinformaticsonline.org
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Rational for Sequence Analysis, Origins of Sequence Similarity

Function

Structure

Protein

DNA

Similar sequence leads to similar function

Sequence Analysis as the basic tool to discover 
functional, structural, evolutionary 
information in biological sequences

Sequence A Sequence B

common ancestor

sequence

x Stepsy Steps

Evolutionary relationship between two similar 

sequences and a possible common ancestor. 

The number of  steps to convert one sequence 

into the other is the "evolutionary" distance 

between the sequences (x + y). Usually, the 

ancestor sequence is not available, only (x + y) 

can be computed.
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Origins of Homology → Significance of Sequence Alignments

Possible Origins of Sequence Homology:
• orthologs (panel A and B) a1 in species I and a1 in species II (same ancestor!)

• paralogs (panel A and B) a1 and a2 (arose from gene duplication event)

• analogs (panel C): different genes converge to same function by different evolutionary paths

• transfer of genetic material (panel D) between different species

Homology vs. Similarity
• Similarity can be computed (by sequence alignments)

• Homology is deduced (e.g. from similarity, but also from other evidence!)
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Basic Local Alignment Search Tool 
(BLAST)

• 3rd most cited paper in MEDLINE

• Most widely used program to find similar sequences 
within large databases

• Search flexibility enables many different kinds of 
match possibilities

http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/information3.html

http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/information3.html
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1) Low complexity regions in query sequence are 

filtered

2) List of all k-tuples (words) that make up your 

query sequence are generated 

3) Scoring matrix is used to determine all word 

matches above a specific threshold (about 50 

matches per word)

4) Database is searched for sequences with exact 

matches to the word list generated (b)

5) Matches are used to seed possible alignments 

between the query sequence and the database (c)

6) Alignment is extended as long as score continues 

to increase and is retained if score is greater than 

empirically determined cutoff

7) The statistical significance of the score is 

calculated

DEFDEF

How BLAST works
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Blastn queries

paste your sequence here

specify search region

choose database

nr = non-redundant database

Others are subsets of nr
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Blastn advanced options
Restrict analysis 

to sequences only 

from a certain 

organism

Example: protease NOT 

hiv1[Organism]

Smaller=more sensitive; bigger=quicker

Lower Expect thresholds are more stringent. 
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Better than “hit table”
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S’      E

BLAST output
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Raw score (S): Sum of scores for each aligned position and scores for gaps

S = (matches) - (mismatches) - (gap penalties)
note: this score varies with the scoring matrix used and thus may not be meaningfully

compared for different searches

Bit score (S’): Version of the raw score that is normalized by the scale of the 

scoring matrix () and the scale of the search space size (K)

S’ = (S – ln(K)) / ln(2)
note: because it is normalized the bit score can be meaningfully compared across 

searches

E value: Number of alignments with score S’ or better that one would expect 

to find by chance in a search of a database of the same size

E = mn2-S’

m = effective length of database

n = effective length of query sequence

note: E values may change if databases of different sizes are searched

BLAST Scoring System
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 K

S’ S E

n

m

BLAST output (cont.)
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Types of BLAST

BLASTn BLASTp

ACTACGAT GWREIVN

| ||| || ||||  |

A-TACCAT GWREVAN
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Types of BLAST

▪Nucleotide to nucleotide

➢Mega BLAST – looking for identical match

➢Discontinuous Mega BLAST – look for nearly identical 
match 

➢BLASTn – Similarity unknown

▪BLASTx – Only if you think your sequence is coding

CCTCATAT CCTCATAT CCTCATAT

     

P  H          L  I          S  Y

Frame 1                    Frame 2                     Frame 3

Plus the reverse strand too…
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Types of BLAST
▪BLASTp – Protein to protein

Position-Specific Iterated BLAST ( PSI-BLAST):PSI-BLAST 
searches  with iterations against protein database until no new 
significant alignments are  found.

Pattern-Hits Integrated BLAST(PHI-BLAST):It searches against 
protein database based on protein conserved patterns .

▪BLASTx – Translate all six possible frames and then compare to 
protein database

▪tBLASTn – Compare protein versus a six-frame translated 
nucleotide database

▪tBLASTx - Compares the six-frame translations of a nucleotide 
query sequence against the six-frame translations of a nucleotide 
sequence database
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Multiple Sequence Alignment
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Multiple Sequence Alignment
VTISCTGSSSNIGAG−NHVKWYQQLPG

VTISCTGTSSNIGS−−ITVNWYQQLPG

LRLSCSSSGFIFSS−−YAMYWVRQAPG

LSLTCTVSGTSFDD−−YYSTWVRQPPG

PEVTCVVVDVSHEDPQVKFNWYVDG−−

ATLVCLISDFYPGA−−VTVAWKADS−−

ATLVCLISDFYPGA−−VTVAWKADS−−

AALGCLVKDYFPEP−−VTVSWNSG-−−

VSLTCLVKGFYPSD−−IAVEWESNG-−

• Goal: Bring the greatest number of similar characters into 

the same column of the alignment

• Similar to alignment of two sequences. 
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CLUSTALW MSA

MSA of four oxidoreductase NAD binding domain protein sequences. 
Red: AVFPMILW. Blue: DE.  Magenta: RHK.  Green: STYHCNGQ.  Grey: 
all others. Residue ranges are shown after sequence names. 

Chenna et al.  Nucleic Acids Research, 2003, Vol. 31, No. 13 3497-3500
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Multiple Sequence Alignment: Motivation

• Correspondence. Find out which parts “do the same thing”

– Similar genes are conserved across widely divergent 

species, often performing similar functions

• Structure prediction

– Use knowledge of structure of one or more members of 

a protein MSA to predict structure of other members 

– Structure is more conserved than sequence

• Create “profiles” for protein families

– Allow us to search for other members of the family 

• Genome assembly: Automated reconstruction of “contig” 

maps of genomic fragments such as ESTs

• MSA is the starting point for phylogenetic analysis
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Multiple Sequence Alignment: Approaches

• Optimal Global Alignments -Dynamic programming

– Generalization of Needleman-Wunsch

– Find alignment that maximizes a score function

– Computationally expensive:  Time grows as product of 
sequence lengths

• Global Progressive Alignments - Match closely-related 
sequences first using a guide tree

• Global Iterative Alignments - Multiple re-building 
attempts to find best alignment

• Local alignments

– Profiles, Blocks, Patterns
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Clustal W

• W stands for Weighted

• Different weights are given to sequences and parameters in 

different parts of the alignment.

• Position Specific Gap Penalties

• The goal is to insert gaps only in “loop” regions 

• Higher penalties in the middle of helices and strands

Large penalty for closely related sequences

Small penalty for divergent sequences
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Practical Considerations

• When to use Clustal

Can be used to align any group of protein or nucleic   

acid sequences that are related to each other over their 

entire lengths. 

• Clustal is optimized to align sets of sequences that are 

entirely colinear, i.e. sequences that have the same 

protein domains, in the same order.
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Thank you


