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Algorithm BasicsAlgorithm Basics

• Programs
• Databases
• Submit a search
• Interpret the results
• BLAST options
• Format options
• Examples

Search BasicsSearch Basics

• Introduction
• Words & extensions
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Basic Local AlignmentBasic Local Alignment

Search ToolSearch Tool

Compare protein and nucleic acid sequences:

• in NCBI databases

• in local databases (standalone BLAST)

• to a single protein or nucleotide sequence
(BLAST 2 Sequences, or pairwise BLAST)
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• local alignments; isolated regions of 

similarity

• fast and sensitive

• breaks the query sequence into “words”

• word hits to database sequences          

extended in both directions

• local alignments; isolated regions of 

similarity

• fast and sensitive

• breaks the query sequence into “words”

• word hits to database sequences          

extended in both directions

Basic Local AlignmentBasic Local Alignment
Search ToolSearch Tool
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Global Global vsvs Local AlignmentLocal Alignment

Seq1:  WHEREISWALTERNOW      (16aa)
Seq2:  HEWASHEREBUTNOWISHERE (21aa)

Global
Seq1: 1                W--HEREISWALTERNOW 16

W  HERE            
Seq2: 1  HEWASHEREBUTNOWISHERE            21

Local
Seq1: 1  W--HERE 5        Seq1:  1 W--HERE  5

W  HERE                   W  HERE
Seq2: 3  WASHERE 9        Seq2: 15 WISHERE 21
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• local alignments; isolated regions of 

similarity

• fast and sensitive

• breaks the query sequence into “words”

• word hits to database sequences          

extended in both directions

• local alignments; isolated regions of 

similarity

• fast and sensitive

• breaks the query sequence into “words”

• word hits to database sequences          

extended in both directions

Basic Local AlignmentBasic Local Alignment
Search ToolSearch Tool
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Nucleotide WordsNucleotide Words

ATGCTGCTAGTCGATGACGTAGCTA

ATGCTGCTAGT
TGCTGCTAGTC

GCTGCTAGTCG

Make a lookup table based on the word size.

…

11-mer
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Protein WordsProtein Words

AIEKCYTGCTLAQEADDTA

AIE
IEK
EKC

Lookup table, including neighborhood words, is 
based on word size, score matrix, and threshold.

KCY
CYT

LEK, IDK, IQK, IER, IDR, etc

Neighborhood words

…
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A  4
R -1  5
N -2  0  6
D -2 -2 1  6
C  0 -3 -3 -3 9
Q -1  1  0  0 -3  5
E -1  0  0  2 -4  2  5
G  0 -2  0 -1 -3 -2 -2 6
H -2  0  1 -1 -3  0  0 -2  8
I -1 -3 -3 -3 -1 -3 -3 -4 -3  4
L -1 -2 -3 -4 -1 -2 -3 -4 -3  2  4
K -1  2  0 -1 -3  1  1 -2 -1 -3 -2  5
M -1 -1 -2 -3 -1  0 -2 -3 -2  1  2 -1  5
F -2 -3 -3 -3 -2 -3 -3 -3 -1  0  0 -3  0  6
P -1 -2 -2 -1 -3 -1 -1 -2 -2 -3 -3 -1 -2 -4  7
S  1 -1  1  0 -1  0  0  0 -1 -2 -2 0 -1 -2 -1  4
T  0 -1  0 -1 -1 -1 -1 -2 -2 -1 -1 -1 -1 -2 -1  1  5
W -3 -3 -4 -4 -2 -2 -3 -2 -2 -3 -2 -3 -1  1 -4 -3 -2 11
Y -2 -2 -2 -3 -2 -1 -2 -3  2 -1 -1 -2 -1  3 -3 -2 -2 2  7
V  0 -3 -3 -3 -1 -2 -2 -3 -3 3  1 -2  1 -1 -2 -2 0 -3 -1  4
X  0 -1 -1 -1 -2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -2  0  0 -2 -1 -1 -1

A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V  X

Scoring Systems Scoring Systems -- ProteinsProteins ((BLOSUM62)BLOSUM62)

I / I

L / I

IEK: keep LEK?
(threshold = 11)

IEK = 14

LEK = 12
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Word Hits & ExtensionsWord Hits & Extensions

ATGCTGCTAGTCGATGACGTAGCTA
Nucleotide: one exact match

GCTGCTAGTCG

Protein: two matches within 40 residues
AIEKCYTGCTLAQEADDTA

IDK EAD
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Search BasicsSearch Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples
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• BLAST options
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BLAST ProgramsBLAST Programs

blastn nucleotide X nucleotide          
blastp protein X protein                 

6 frame, translated nucleotide searches

blastx nucleotide X protein           
tblastx        nucleotide X nucleotide
tblastn protein X nucleotide

What is your goal?
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More BLAST ProgramsMore BLAST Programs

MegaBLAST
- batch nucleotide queries
- very similar sequences

Discontiguous MegaBLAST
- batch nucleotide queries
- divergent sequences

BLAST 2 Seq. (pairwise)

Word Size

28

11 matches
out of 18
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Search BasicsSearch Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options
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BLAST Databases BLAST Databases ––
NucleotideNucleotide

nr GenBank+EMBL+DDBJ+PDB sequences 
(no EST, STS, GSS, environmental samples
or phase 0, 1 or 2 HTGS)

refseq_rna RefSeq RNA sequences (NM_, XM_)

refseq_genomic RefSeq genomic sequences (NC_, NT_, NG_)

month new or revised GenBank+EMBL+DDBJ+PDB
sequences from the last 30 days

est Expressed Sequence Tags (EST division)

gss Genome survey sequences

dbsts Sequence Tag Site sequences (STS division)

nr GenBank+EMBL+DDBJ+PDB sequences 
(no EST, STS, GSS, environmental samples
or phase 0, 1 or 2 HTGS)

refseq_rna RefSeq RNA sequences (NM_, XM_)

refseq_genomic RefSeq genomic sequences (NC_, NT_, NG_)

month new or revised GenBank+EMBL+DDBJ+PDB
sequences from the last 30 days

est Expressed Sequence Tags (EST division)

gss Genome survey sequences

dbsts Sequence Tag Site sequences (STS division)
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More BLAST Databases More BLAST Databases ––
NucleotideNucleotide

htgs Unfinished High Throughput 

Genomic Sequences, 

phases 0, 1, and 2

(finished phase 3 go to nr)

pdb Protein Data Bank nucleotide

sequences
chromosome equivalent to refseq_genomic;

complete genomes, 
chromosomes, contigs

htgs Unfinished High Throughput 

Genomic Sequences, 

phases 0, 1, and 2

(finished phase 3 go to nr)

pdb Protein Data Bank nucleotide

sequences
chromosome equivalent to refseq_genomic;

complete genomes, 
chromosomes, contigs
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BLAST Databases BLAST Databases ––
ProteinProtein

nr non-redundant GenBank CDS translations+PDB

+SwissProt+PIR+PRF

refseq RefSeq proteins

month new or revised GenBank CDS translation+PDB

+SwissProt+PIR+PRF released in the last 30 days

Swissprot last major release of the SWISS-PROT database 

pdb Protein Data Bank protein sequences

env_nr sequences from environmental samples

nr non-redundant GenBank CDS translations+PDB

+SwissProt+PIR+PRF

refseq RefSeq proteins

month new or revised GenBank CDS translation+PDB

+SwissProt+PIR+PRF released in the last 30 days

Swissprot last major release of the SWISS-PROT database 

pdb Protein Data Bank protein sequences

env_nr sequences from environmental samples

nr = nrnr = nr
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BLAST Databases BLAST Databases ––
GenomeGenome--specificspecific
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Search BasicsSearch Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples
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Setting up a BLAST SearchSetting up a BLAST Search

Identifier or sequenceIdentifier or sequence
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BLAST OutputBLAST Output
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BLAST Output BLAST Output –– Graphical OverviewGraphical Overview
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BLAST Output BLAST Output -- DescriptionsDescriptions
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BLAST Output BLAST Output -- StatisticsStatistics

Bit Score
 - derived from raw alignment score
 - normalized, so can be used to compare 

different searches

E = mn2-S’

[ E.g.:  Score = 419 bits (1077) ]

[ E.g.:  Expect = 6e-116 ]Expect value  (E)
- number of alignments expected to occur 

by chance

E is dependent on 
search space
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BLAST Output BLAST Output -- AlignmentsAlignments

low complexitylow complexity
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BLAST Output BLAST Output -- AlignmentsAlignments

positives, from score 
matrix

positives, from score 
matrix
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Search BasicsSearch Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples
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Advanced OptionsAdvanced Options

Limit to Organism
all[filter] NOT ma

Example Entrez Queries
all[Filter] NOT mammalia[organism]
chimpanzee[organism]
srcdb refseq reviewed[properties]

Nucleotide only:
biomol mrna[properties]
biomol genomic[properties]

OtherAdvanced
–e 10000 expect value
-v 2000 descriptions
-b 2000 alignments

Example Entrez Queries
all[Filter] NOT mammalia[organism]
chimpanzee[organism]
srcdb refseq reviewed[properties]

Nucleotide only:
biomol mrna[properties]
biomol genomic[properties]

OtherAdvanced
–e 10000 expect value
-v 2000 descriptions
-b 2000 alignments

-e 10000 -v 2000
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BLASTP BLASTP ––
“…“…short, nearly exact matchesshort, nearly exact matches””
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Scoring MatricesScoring Matrices

A  T  C  GA  T  C  G
AA 1 -3 -3 -3  
TT -3  1 -3 -3 
CC -3 -3  1 -3  
GG -3 -3 -3  1

Nucleotide search:  identity matrix
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• Percent Accepted Mutation (PAM)

• Blocks Substitution Matrix (BLOSUM)

• Percent Accepted Mutation (PAM)

• Blocks Substitution Matrix (BLOSUM)

Scoring MatricesScoring Matrices

Protein search: substitution matrix



17

N
C

B
I M

in
icou

rses
PAM MatricesPAM Matrices

• global alignments of closely related proteins

• PAM1 calculated from sequences with no more 

than 1% divergence

• Other PAM matrices are extrapolated from PAM1

• Examples: PAM30 and PAM70

• global alignments of closely related proteins

• PAM1 calculated from sequences with no more 

than 1% divergence

• Other PAM matrices are extrapolated from PAM1

• Examples: PAM30 and PAM70
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BLOSUM MatricesBLOSUM Matrices

• local alignments

• all matrices based on observed alignments; not 
extrapolated

• BLOSUM 62 calculated from sequences with no 
more than 62% identity

• Examples: BLOSUM45, BLOSUM62 and BLOSUM80

• BLOSUM62: very good for detecting weak protein 
similarities

• BLOSUM62 is the default matrix in BLAST

• local alignments

• all matrices based on observed alignments; not 
extrapolated

• BLOSUM 62 calculated from sequences with no 
more than 62% identity

• Examples: BLOSUM45, BLOSUM62 and BLOSUM80

• BLOSUM62: very good for detecting weak protein 
similarities

• BLOSUM62 is the default matrix in BLAST
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A  4
R -1  5
N -2  0  6
D -2 -2 1  6
C  0 -3 -3 -3 9
Q -1  1  0  0 -3  5
E -1  0  0  2 -4  2  5
G  0 -2  0 -1 -3 -2 -2 6
H -2  0  1 -1 -3  0  0 -2  8
I -1 -3 -3 -3 -1 -3 -3 -4 -3  4
L -1 -2 -3 -4 -1 -2 -3 -4 -3  2  4
K -1  2  0 -1 -3  1  1 -2 -1 -3 -2  5
M -1 -1 -2 -3 -1  0 -2 -3 -2  1  2 -1  5
F -2 -3 -3 -3 -2 -3 -3 -3 -1  0  0 -3  0  6
P -1 -2 -2 -1 -3 -1 -1 -2 -2 -3 -3 -1 -2 -4  7
S  1 -1  1  0 -1  0  0  0 -1 -2 -2 0 -1 -2 -1  4
T  0 -1  0 -1 -1 -1 -1 -2 -2 -1 -1 -1 -1 -2 -1  1  5
W -3 -3 -4 -4 -2 -2 -3 -2 -2 -3 -2 -3 -1  1 -4 -3 -2 11
Y -2 -2 -2 -3 -2 -1 -2 -3  2 -1 -1 -2 -1  3 -3 -2 -2 2  7
V  0 -3 -3 -3 -1 -2 -2 -3 -3 3  1 -2  1 -1 -2 -2 0 -3 -1  4
X  0 -1 -1 -1 -2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -2  0  0 -2 -1 -1 -1

A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V  X

Scoring Systems Scoring Systems -- Proteins (BLOSUM62)Proteins (BLOSUM62)

D

F

Negative for less likely substitutions

D

Y

F
Positive for more likely substitutions
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Substitution MatricesSubstitution Matrices

Query Length Substitution Matrix

<35 PAM30

35-50 PAM70

50-85 BLOSUM80

>85 BLOSUM62

Query Length Substitution Matrix

<35 PAM30

35-50 PAM70

50-85 BLOSUM80

>85 BLOSUM62

A Provisional Table
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Search BasicsSearch Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples
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Formatting OptionsFormatting Options
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Flat QueryFlat Query--anchored with Identitiesanchored with Identities
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Retrieve Results for an RIDRetrieve Results for an RID

1146107336-1613-192285995244.BLASTQ1
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Search BasicsSearch Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples
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ExamplesExamples

• Protein searches more sensitive than 
nucleotide searches

- redundancy of the genetic code allows the 
same information to be encoded differently

• blastn best when searching within same 
organism
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BLASTN

BLASTN BLASTN vsvs BLASTPBLASTP

Compare YadC from E. coli K12 and O157
using BLAST 2 Sequences

Compare YadC from E. coli K12 and O157
using BLAST 2 Sequences

BLASTP
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Anopheles gambiae mitochondrion, complete genome.
ACCESSION   NC_002084   GI:5834911

Homo sapiens mitochondrion, complete genome.
ACCESSION   NC_001807   GI:17981852

BLASTN BLASTN vsvs TBLASTXTBLASTX

blastn

Anopheles gambiae

H
om

o 
sa

pi
en

s

tblastx

Anopheles gambiae

H
om

o 
sa

pi
en

s
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Additional Additional 
Questions?Questions?

blast-help@ncbi.nlm.nih.gov
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HandsHands--OnOn

www.ncbi.nlm.nih.gov/Class/minicourses/quickblast.html


