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BLAST Quick Start

blast-help@ncbi.nlm.nih.gov
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Algorithm Basics

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

Search Basics

• Introduction
• Words & extensions
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Basic Local Alignment
Search Tool

Compare protein or nucleic acid sequences to 
protein or nucleic acid databases

• 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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Why do we need similarity searching?

To identify and annotate sequences with…
• incomplete (or no) annotations (GenBank)
• incorrect annotations
To assemble genomes
To explore evolutionary relationships by…
• finding homologous molecules
• developing phylogenetic trees
NOTE: Similar sequences may NOT have similar 
function! 

Searching with Sequences
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BLAST Web Searches, 2007
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• local alignments; isolated regions of 

similarity

• fast and sensitive

• breaks the query sequence into “words”

• word matches to database sequences          

are extended in both directions

Basic Local Alignment
Search Tool
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Global vs Local Alignment
Seq 1

Seq 2

Seq 1

Seq 2

Global alignment

Local alignment
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Global vs. Local Alignment

Human: 15  IAKYNFHGTAEQDLPFCKGDVLTIVAVTKDPNWYKAKNKVGREGIIPANYVQKREGVKAGTKLSLMPWFH 84
+A + +    + DL F K D+L I+  T+   W+      GR G IP+NYV + + +++       PW+ 

Worm:  63  VALFQYDARTDDDLSFKKDDILEILNDTQGDWWFARHKATGRTGYIPSNYVAREKSIES------QPWYF 125

Human: 85  GKITREQAERLLYPP--ETGLFLVRESTNYPGDYTLCVSCDGKVEHYRI-MYHASKLSIDEEVYFENLMQ 151
GK+ R  AE+ L     E G FLVR+S +   D +L V  +  V+HYRI + H I     F  L  

Worm:  126 GKMRRIDAEKCLLHTLNEHGAFLVRDSESRQHDLSLSVRENDSVKHYRIQLDHGGYF-IARRRPFATLHD 194

Human: 152 LVEHYTSDADGLCTRLIKPKVMEGTVAAQDEFYRSGWALNMKELKLLQTIGKGEFGDVMLGDYRGN-KVA 220
L+ HY  +ADGLC  L  P             Y   W ++ + ++L++ IG G+FG+V  G +  N  VA

Worm:  195 LIAHYQREADGLCVNLGAPCAKSEAPQTTTFTYDDQWEVDRRSVRLIRQIGAGQFGEVWEGRWNVNVPVA 264

Human: 221 VKCIK-NDATAQAFLAEASVMTQLRHSNLVQLLGVIVEEKGGLYIVTEYMAKGSLVDYLRSRGRSVLGGD 289
VK +K   A    FLAEA +M +LRH  L+ L  V   ++  + IVTE M + +L+ +L+ RGR      

Worm:  265 VKKLKAGTADPTDFLAEAQIMKKLRHPKLLSLYAVCTRDE-PILIVTELMQE-NLLTFLQRRGRQCQMPQ 332

Human: 290 CLLKFSLDVCEAMEYLEGNNFVHRDLAARNVLVSEDNVAKVSDFGLT----KEASSTQDTG-KLPVKWTA 353
L++ S  V   M YLE  NF+HRDLAARN+L++     K++DFGL     KE TG + P+KWTA  

Worm:  333 -LVEISAQVAAGMAYLEEMNFIHRDLAARNILINNSLSVKIADFGLARILMKENEYEARTGARFPIKWTA 401

Human: 354 PEALREKKFSTKSDVWSFGILLWEIYSFGRVPYPRIPLKDVVPRVEKGYKMDAPDGCPPAVYEVMKNCWH 423
PEA    +F+TKSDVWSFGILL EI +FGR+PYP +   +V+ +V+ GY+M  P GCP  +Y++M+ CW 

Worm:  402 PEAANYNRFTTKSDVWSFGILLTEIVTFGRLPYPGMTNAEVLQQVDAGYRMPCPAGCPVTLYDIMQQCWR 471

Human: 424 LDAAMRPSFLQLREQLEHI 443
D   RP+F  L+ +LE +

Worm:  472 SDPDKRPTFETLQWKLEDL 492

human  M--------------SAIQ----------------------AAWPSGT------------ECIAKYNFHG
M              S ..                      AA  SG.         . .A ... .

worm   MGSCIGKEDPPPGATSPVHTSSTLGRESLPSHPRIPSIGPIAASSSGNTIDKNQNISQSANFVALFQYDA
1                 20                  40                 60 

440               450
human  REQLEHI--------KTHELHL

. .:: .        :   ...
worm   QWKLEDLFNLDSSEYKEASINF

500 

Align program (Lipman and Pearson)

BLASTp
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How BLAST Works

1. Make lookup table of “words” for query

2. Scan database for hits

3. Extend alignment both directions
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Nucleotide Words

ATGCTGCTAGTCGATGACGTAGCTA

ATGCTGCTAGT
TGCTGCTAGTC

GCTGCTAGTCG
. . .

Make a lookup table based on the word size.

11-mer
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Protein 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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Word Hits & Extensions

ATGCTGCTAGTCGATGACGTAGCTA
Nucleotide: one exact match

GCTGCTAGTCG

Protein: two matches within 40 residues
AIEKCYTGCTLAQEADDTA

IDK EAD
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Search Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples
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BLAST 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?
Word Size

11
3

3
3
3
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More BLAST Programs

MegaBLAST
- batch nucleotide queries
- very similar sequences

Discontiguous MegaBLAST
- batch nucleotide queries
- divergent sequences

Word Size

28

11 matches
out of 18
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Search Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples
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Nucleotide BLAST Databases

• nr (nt)
– Traditional GenBank Divisions
– NM_ and XM_ RefSeqs

• refseq_rna
– NM_ , XM_ , NR_

• refseq_genomic
– NC_ , NT_ , NG_

• est
– EST Division

• htgs
– HTG division

• dbsts
– STS Division

• chromosome
– NC genomic records

• gss
– GSS division

• pat
– PAT Division

• wgs
– wgs entries from 

traditional divisions
• pdb

– Nucleotide sequences 
from structures

• env_nt
– environmental samples
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New Nucleotide Databases

Human 
Refseq_genomic + 
refseq_rna NOW

Default db!!!
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New Nucleotide Databases
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Protein BLAST Databases

Protein
• nr

traditional GenBank records
• refseq = NP_, XP_
• swissprot
• pdb
• pat
• env_nr

nr = nr
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BLAST Databases: Genome-specific
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Genome-specific: Map Viewer
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Basic Local Alignment Search Tool

What’s 
New?Save your 

searches
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Search Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples
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Setting up a BLAST Search

Identifier or sequence

Title

Select database
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Conserved Domain search run
for protein queries
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Graphic Overview

Default Output
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Summary Table
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BLAST Output – tree view
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Alignment View - pairwise
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New Output View
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Search Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples

…con’t
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Where do Scores Come From?
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Scoring 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

CAGGTAGCAAGCTTGCATGTCA
|| ||||||||||||  ||||| raw score = 19-9* = 10*
CACGTAGCAAGCTTG-GTGTCA

* ignores gap costs
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• Percent Accepted Mutation (PAM)

• Blocks Substitution Matrix (BLOSUM)

Scoring Matrices

Protein search: substitution matrix
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BLOSUM 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
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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

BLOSUM62

D

F

Negative for less likely substitutions

D

Y

F
Positive for more likely substitutions
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Where do Expect Values Come From?
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Local Alignment Statistics

E = Kmne-λS or   E = mn2-S’

K = scale for search space
λ = scale for scoring system
λS’ = bitscore = (λS - lnK)/ln2
m = query length
n = database length

Expect Value
E = number of database hits you expect to find by chance, ≥ S

More info: The Statistics of Sequence Similarity Scores

E is dependent on m x n (search space)
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Search Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples
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Initial Options

biomol mrna[properties]
all[Filter] NOT mammalia[organism]

chimpanzee[organism]
viridiplantae[organism]
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Advanced Options
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Search Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples
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Default Output
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BLAST Output: Alignments & Filter

low complexity sequence filtered
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Alignment View Options
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Alignment View: Flat Query-Anchored
with Dots for Identities
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Alignment View: Hit Table

# Fields:  query id, subject ids, % identity, % 
positives, alignment length, mismatches, gap 
opens, q. start, q. end, s. start, s. end, evalue, 
bit score
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Search Basics

• Programs

• Databases

• Submit a search

• Interpret the results

• BLAST options

• Format options

• Examples
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Examples

• Protein searches more sensitive than 
nucleotide searches

- redundancy of the genetic code

• blastn, megablast best when searching 
within same organism
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An alignment BLAST cannot make:
1 GAATATATGAAGACCAAGATTGCAGTCCTGCTGGCCTGAACCACGCTATTCTTGCTGTTG
|| | || || || |  || || ||   ||  |  ||| |||||| | | || | ||| |

1 GAGTGTACGATGAGCCCGAGTGTAGCAGTGAAGATCTGGACCACGGTGTACTCGTTGTCG

61 GTTACGGAACCGAGAATGGTAAAGACTACTGGATCATTAAGAACTCCTGGGGAGCCAGTT
| || ||     ||  ||| ||  | |||||| || | ||||||  |||||  |     |

61 GCTATGGTGTTAAGGGTGGGAAGAAGTACTGGCTCGTCAAGAACAGCTGGGCTGAATCCT

121 GGGGTGAACAAGGTTATTTCAGGCTTGCTCGTGGTAAAAAC
|||| || ||||| ||  ||    |  | ||||  || |||

121 GGGGAGACCAAGGCTACATCCTTATGTCCCGTGACAACAAC

Reason:

no contiguous exact match of 7 bp.

BLAST is a shortcut . . .
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Nucleotide vs. Protein BLAST

aaccgggtgacggtggtgctcggtgcgcagtggggcgacgaaggc
Human:  N  R  V  T V V  L  G  A Q  W  G  D  E  G

+  +  V  +     V  L  G     Q  W  G  D  E  G
A.th.:  S  Q  V  S  G V  L  G  C Q  W  G  D  E  G

agtcaagtatctggtgtactcggttgccaatggggagatgaaggt

Comparing ADSS from H. sapiens and A. thaliana

BLASTp finds three matching words

BLASTn finds no match, because there are no 7 bp words

Protein searches are generally more sensitive than nucleotide searches.
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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 vs TBLASTX

blastn

Anopheles gambiae

H
om

o 
sa

pi
en

s

tblastx

Anopheles gambiae
H

om
o 

sa
pi

en
s
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Hands-On

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


