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The Basic Local Alignment Search Tool (BLAST) finds 
regions of local similarity between sequences and 
calculates the statistical significance of matches

Conserved Domain Database Search (CDD) finds 
sequence similarity with genes in conserved orthologous 
groups (COGs).

Tree based Consistency Objective Function For alignment 
Evaluation (T-Coffee) is a multiple sequence alignment 
program  that aligns a set of homologous (similar ) 
sequences 

WebLogo is a program that enables easy creation of 
sequence logos from the multiple sequence alignments

1. BLAST

2. CDD

3. T-Coffee

4. WebLogo

4 TOOLS 

Sequence-based Similarity 



Bruce Fouke (2006)

Relationship
DNA -----------à RNA  ----------à PROTEIN

M         P           R



Redundancy of codons
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ANSWER: MORE than one codon or triplet can code for a particular amino acid.
A lot of variation exists in DNA sequences that code for the same amino acid.

Comparing amino acid sequences is a more reliable to use for
similarity between two sequences than comparing nucleotide
sequences. Removes the redundancy issue.

Using amino acid sequence (proteins) and not DNA 
sequence (Gene) in similarity searches WHY?
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BLAST: Searches for similarity of YOUR 
protein sequence to all known protein 
sequences from all organisms in the 
databases.

We are looking for 
Orthologous genes/proteins

• What are orthologs? 
Genes are duplicated with 
appearance of new species. 
They code for proteins that 
have similar function in 
different organisms. 

Evolutionary 
Pressure



Basic Local Alignment Search Tool 
BLAST (NCBI)

Altschul, Stephen; Gish, Warren; Miller, Webb; Myers, Eugene; Lipman, David "Basic local alignment search tool". 
Journal of Molecular Biology 215 (3): 403–410 (1990) One of the highest cited papers >50,000 times

https://en.wikipedia.org/wiki/Stephen_Altschul
https://en.wikipedia.org/wiki/Warren_Gish
https://en.wikipedia.org/wiki/Webb_Miller
https://en.wikipedia.org/wiki/Eugene_Koonin
https://en.wikipedia.org/wiki/David_J._Lipman
http://www.blastalgorithm.com/
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What is protein BLAST?

BLAST

Putative Function

Protein
Databases
(Subject)

The algorithms in this tool finds
regions of similarity between
amino acid sequence of your
proteins (Query) with those in
databases and calculates the
statistical significance.



• Widely used similarity search algorithm by scientist

• Searches for similarity of protein sequence (under study) in FASTA format to ALL 
protein sequences from ALL organisms in the database

• Is able to identify regions of similarity within two sequences thus finding local 
alignments (some portion of 2 sequences) as opposed to global alignment 
(alignment of 2 sequences over their full length)

• BENEFITS:

Ø SPEED
Ø USER FRIENDLY
Ø STATISTICAL RIGOR
Ø SENSITIVE

( NCBI (National council for Biotechnology Information from NIH)
http://www.ncbi.nlm.nih.gov/blast 8

Basic Local Alignment Search Tool 
BLAST

Altschul, Stephen; Gish, Warren; Miller, Webb; Myers, Eugene; Lipman, David "Basic local 
alignment search tool". 
Journal of Molecular Biology 215 (3): 403–410 (1990) One of the highest cited papers >50,000 
times

http://www.ncbi.nlm.nih.gov/blast
https://en.wikipedia.org/wiki/Stephen_Altschul
https://en.wikipedia.org/wiki/Warren_Gish
https://en.wikipedia.org/wiki/Webb_Miller
https://en.wikipedia.org/wiki/Eugene_Koonin
https://en.wikipedia.org/wiki/David_J._Lipman
http://www.blastalgorithm.com/
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Key Aspects of FASTA format-
QUERY AA SEQUENCE- Protein

>Ksed_00010 amino acid

MSQTPDDHATAIWQEAMVHLQGAGLA
PRDIGVLRLATLVGLLEGTALLAVKY
DHVKDAVEGHLREDVSTALAEVLDRD
IRLAVSVDPDAVSAAQEEAAPPAPSP
ADEDDPATGEGPLSTAVDGAVEKH

”description line”  (not read as sequence data)
• Begins with >
• Ends with a hard return

Sequence data-Protein 
(amino acid sequence)

N-terminal end or amino term end 

C- or carboxy terminal end 

M=Methionine, S= Serine, Q= Glutamine, T= Threonine ……. 



BLAST chops your query amino acid seq (protein) into 
“word” length pieces, amino acids (3 letters)

Input sequences are in FASTA format

BLAST
each 3 “word” 

individually against database

MEAAVKEEISVEDEAVDK…….- Query sequence

11

2

3

MEA
AVK

AAV
VKEEAA EEI

KEE

BLAST finds similar sequences by locating short 

lengths of exact matches between the two 

sequences in the database chosen. 

MEA
EAA

AAV
AVK

VKE

BREAK QUERY INTO WORDS

BREAK DATABASE SEQ INTO WORDS

Rama Dey-Rao
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M= Methionine, E = Gultamic acid, A = Alanine

http://en.wikipedia.org/wiki/FASTA_format


3 LETTER QUERY WORDS

1. After seeding the matches are extended on both sides while keeping 
score 

2. Each extension impacts the score (up or down)
3. The score is added up continuously and must reach a minimum threshold 

T value.
4. The threshold score T determines whether or not a particular word 

will be included in the alignment and carried forward. 

Target word

MEA
EAA
AAV
AVK
VKE

Rama Dey-Rao .11



Example of a nr-BLAST Alignment
Interpreting a Match

The line between these two sequences will tell the 
extent of match. 

EXACT MATCH: the same amino acid is 
indicated

Similar biochemical properties: + indicated.

Total mismatch: No letter 

To get better alignment  BLAST can also introduce 
gaps, indicated by a series of –
Why do gaps exist? 

T=Threonine ; S=serine (first +)
D=Aspartic acid; E = Glutamic acid (second +)
Q=Glutamine  

Rama Dey-Rao 12

Query : Your gene/protein –aa seq
Sbject: BLAST match in database

The gaps might represent insertion or deletion mutations that have 
occurred over evolution in one or the other protein.



Random Example-Scoring

K
K +5

K
E +1

Q
F -3

Gap
-(11 + 4(1))= -
14

Number of Chance Alignments = 4 X 10-50

K=Lysine, E= Glutamic acid, Q= Glutamine, F= Phenylalanine, 

Scores from BLOSUM62, a position independent matrix
Rama Dey-Rao 13

Query : Your gene /aa seq
Sbject: BLAST match in database



Statistical significance
The Expect value (E) 
• A statistical value that shows whether the matches that BLAST found is  

"expected" to be observed  by chance. 
-Takes into act. total number of residues of the query seq and total number of 
residues in the database, scores, alignment.

• The lower the E-value, or the closer it is to zero, the more "significant" the 
match because the more unlikely that the match is simply by chance.

• The E-value cut off for this course is E-03 – SIGNIFICANT

• E = 1x10-3 or is = 0.001  is thus expected to occur by chance 1 in 1,000 times

• E value equal to or less than 10-15 may indicate good match.

Be CAREFUL of mindless BLAST
• Believing that E tells the whole story.
• Ignoring length of match since calculation of the E value takes into account the 

length of the query sequence. 

Rama Dey-Rao 14



2 Databases to use in BLAST searches  WHY?

HANDS ON……. Rama Dey-Rao 15

SET UP Tab-1 

SET UP TAB-2
2

Set u
p both on 

2 tabs



Compare the results obtained from both the nr
and Swiss-Prot searches. Things to keep in 
mind as you compare the results are:

Things to keep in mind as you compare the results are:
A. Do both searches give significant results (as indicated by

low E-values and high scores described below)?
B. Are the names of the significant hits in both searches

identical or very similar?
i. If the answer to both a and b above are yes, then you should use

only the Swiss-Prot results to record in your notebook.
ii. If no significant hits are found using SwissProt, but are found in

nr, record that fact in your notebook and use the nr database.
iii. If significant hits are found in BOTH databases, but the names 

given to each seem to be different, or the e-values and scores 
are significantly better in the nr database than in the Swiss-Prot
database, you should record results for the top 2 BLAST hits in 
Swiss-Prot and nr in the lab notebook.



Notebook



BLAST RESULTS - Swissprot database
Top of the results page

CDD search
(conserved 
domain database)

# residues in 
sequence in scale 
below the teal line 
labeled query.

Rama Dey-Rao 18

A high score
and close to 100%
coverage would indicate
a high quality alignment.
This indicates several
significantly similar
proteins (orthologs) in
different organisms that
were found in the SP
database (studied in the
lab).

Quick scan: Visual rep of 
coverage in orthologous 
proteins

LATER



BLAST RESULTS - Swissprot database
Top of the results page

Rama Dey-Rao 19

Mouse over to see the title, 
click to show alignments

SCROLL BELOW



Scroll below to see the top BLAST hits 
(second section of results page)
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Swissprot database

The score, % coverage of the query and E value are shown, along with a hyperlink to the file
describing the hit (Accession column).

Click
To get organism



Click A6W3V4.1
for Source organism

21



BLAST Alignment Details



BLAST RESULTS PAGE- nr database
Both a Conserved Domain Database (CDD Results)

and BLAST searches are done simultaneously. 

Rama Dey-Rao 23

# residues in sequence in 
scale below the teal line 
labeled query.

A high score
and close to 100% coverage 
would indicate a high 
quality alignment, 
suggesting this sequence is 
highly conserved in a 
number of different 
organsims.

Quick scan
Visual rep 
of coverage 

Will do later
CDD search(conserved domain database)



Scroll below to see the top BLAST hits
(nr database)

The score, % coverage of the query and E value are shown, along with a hyperlink to the Genbank file
describing the hit (Accession column).

Rama Dey-Rao
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SCROLL BELOW

DO NOT ADD THIS 

Click on first 
linked choice 

That is not 
from your 
organism



Scroll below to see BLAST hits
(nr database)

Rama Dey-Rao 25

Copy

Ksed_00010
OID : 644990317

Number of Chance Alignments =0

Alignment 
Length
(Last Query #) – (Ist 
Query #) +1
In this case 504-
2+1=503

Organism

Gene product name (top hit)Score



Problem: nr blast only gives you a list
of the same bacteria or bacteria from 
the same genus.
• If you find that all the top blast hits are from the same 

organism that you are investigating, or all are from the 
same genus you will need to set up an ”exclusion blast” 
to exclude those very closely related or identical hits.
• This may happen if you are annotating a gene from a 

“clinically significant” (disease causing) bacterium.  
Such bacteria are likely to have many variants or 
isolates sequenced and in the database.
• Other non-clinically significant bacteria that are 

commonly studied may also have many strains 
sequenced in the database.



• Finding a match to protein an identical bacterium or 
very closely related species can happen simply 
because of the fact such organisms are evolutionarily 
closely related.  
• We would prefer to find matches to proteins in 

bacteria other than those above mentioned above to 
be able to identify conserved domains or regions that 
might be important to protein function in multiple 
species.
• Instructions for doing an exclusion blast b can be 

found at the following link: 
https://drive.google.com/file/d/1PUKj_v8vYPxyG7h6c
XSHZtpMfV1QonbA/view

https://drive.google.com/file/d/1PUKj_v8vYPxyG7h6cXSHZtpMfV1QonbA/view


Example of a nr-BLAST Alignment
Interpreting a match

The line between these two sequences will tell the 
extent of match. 

EXACT MATCH: the same amino acid is 
indicated

Similar biochemical properties: + indicated.

Total mismatch: No letter 

To get better alignment  BLAST can also introduce 
gaps, indicated by a series of –

T=Threonine ; S=serine (first +)
D=Aspartic acid; E = Glutamic acid (second +)
Q=Glutamine  

Rama Dey-Rao 28

Query : Your gene/protein –aa seq
Sbject: BLAST match in database

The gaps might represent insertion or deletion mutations that have 
occurred over evolution in one or the other protein.



Example of a BLAST Alignment
Gene product name (top hit)Score

Alignment Length

(Last Query #) – (Ist Query #) +1
In this case 504-2+1=503

>35% identity to experimentally characterized protein (especially in conserved regions) can be considered good evidence for function
E-valueà less than 10-3 is significant ; equal to or less than 10-15 may indicate good match

Ksed_00010 or RS 00010
OID : 644990317

Organism

Rama Dey-Rao 29

E-value

Use Snipping or GRAB tool
to frame and cut picture.
Save as .png file and upload



SCORE
#2 after Kytococcus sedentarius

Score : 
Numerical representation of quality of 
alignment
How is it calculated ? : 
Based on how well the sequences match

a) higher numerical values assigned for 
exact matches
b) lower scores for �similar� amino acids 
and
c) penalties assigned for gaps and for 
mismatches. 

The sum of these numbers is the score. 
The higher the score, the more likely the 
alignment is significant.Rama Dey-Rao 30



nr database

Results: 
Swissprot and nr databases

Swissprot database
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Swissprot database

Results: 
Swissprot and nr databases

nr database



Swissprot database nr database
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Click on link

Results: 
nr and Swissprot databases

Conclusion: The top alignment by BLAST by both nr and Swissprot database is the same 
The top hit is- chromosomal Replication initiator protein DnaA. 



What if you get no significant BLAST hit?
SwissProt and NR database searches

If there are no BLAST hits with E-values lower than 1 x 10-3 

1. Make that notation in notebook (do not leave empty)
2. Move onto the next module. 

A finding of no significant BLAST hits would indicate that no sequence 
in the database has any homology to query protein

Could be due to:

a) Dealing with a newly discovered protein  
b) The protein has been called in error and does not really 

exist.
Rama Dey-Rao 34


