BLAST Quick Start

blast-help@ncbi.nim.nih.gov
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« Introduction
- Words & extensions

Search Basics
« Programs
» Databases
* Submit a search
« Interpret the results
* BLAST options
* Format options
e Examples
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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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BLAST Web Searches, 2007
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Basic Local Alignment
Search Tool

« 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
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Seq 1

Seq 2

Seq 1

Seq 2

Global vs Local Alignment

-

| Global alignment

AN
| Local alignment
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Global vs Local Alignment

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

Global

seql: 1 W--HEREISWALTERNOW 16
W HERE
Seq2: 1 HEWASHEREBUTNOWISHERE 21

Local
Seql: 1 W--HERE 5 Seql: 1 W--HERE &
W HERE W HERE
Seq2: 3 WASHERE 9 Seq2: 15 WISHERE 21
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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
- Ungapped extensions of hits (initial HSPs)
- Gapped extensions (no traceback)

- Gapped extensions (traceback - alignment

details)
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Nucleotide Words

Make a lookup table based on the word size.

11-mer

ATGCTGCTAGTCGATGACGTAGCTA

ATGCTGCTAGT
TGCTGCTAGTC
GCTGCTAGTCG
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Protein Words

AIEKCYTGCTLAQEADDTA

AIE
IEK EK, 10K, 1OK, IEF, 107 etc
EKC Neighboﬁgod words
KCY
CYT

Lookup table, including neighborhood words, is
based on word size, score matrix, and threshold.
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Scoring Systems - Proteins (BLOSUM62)

X<<=E—A0WTVNMEAMr=TIOMOOOT =T >

1 IEK: keep LEK?
2 0 6 (threshold = 11)
-2-2 1 6

0-3-3-3 9

-1 1 0 0-3 5

-1 00 2-4 2(5)

0-2 0-1-3-2 - 6

-2 0 1-1-3 0 0-2 8 =

-1 -3-3-3-1-3-3-4 —3 L
-1-2-3-4-1-2-3-4-3 4

-1 2 0-1-3 1 1—2—1-2
-1-1-2-3-1 0-2-3-2 1 2- 5
-2-3-3-3-2-3-3-3-1 0 0-3 0 6
-1-2-2-1-3-1-1-2-2-3-3-1-2-4 7

1-110-1 00 0-1-2-2 0-1-2-1 4
0-10-1-1-1-1-2-2-1-1-1-1-2-1 1 5
-3-3-4-4-2-2-3-2-2-3-2-3-1 1-4-3-211
-2-2-2-3-2-1-2-3 2-1-1-2-1 3-3-2-2 27
0-3-833-1-2-2-3-3 3 1-21-1-2-2 0-3-1 4
o-1-1-1-2-1-1-1-1-1-1-1-1-1-2 0 0-2-1-1-1
A RNDTZ CIQEGHTIHITLIKMFZPSTWYVX
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Word Hits & Extensions

Nucleotide: one exact match

= GCTGCTAGTCG —>

Protein: two matches within 40 residues

<LIDK=—> <—EAD—>
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BLASTP Summary

example query words

Query: IETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHFLHEESILEV.
YIS 15 HFL 18

YLT 12

YVS 12| Neighborhood

words

Query 1 IETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHFLHEEST 47
+E YA YL K F+YLSL +SP+ +DVNVHP+K VHFL+++ 1

Shjct 287 LEETYAKYLHKGASYFVYLSLNMSPEQLDVNVHPSKRIVHFLYDQEI 333

] Drop-off score = I
Highest score - current score

-X X dropoff value for gapped alignment (in bits)
blastn 30, megablast 20, thlastx 0, all others 15

8
H
3

Nelghborhood
score threshold

TEH=11

BLASTP Summary

example query words

Query: IETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHFLHEESILEV.

words

T(hH

Query 1 IETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHFLHEESI 47
+E YA YL K F+YLSL +SP+ +DVNVHP+K VHFL+++ I

Shjct 287 LEETYAKYLHKGASYFVYLSLNMSPEQLDVNVHPSKRIVHFLYDQEI 333
High-scoring pair (HSP)

l Gapped extenslon with trace back

Query 1 IETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHFLHEESI-LEV.
+E YA YL K F+YLSL +SP+ +DVNVHP+K VHFL+++ 1 + +
Shjct 287 LEETYAKYLHKGASYFVYLSLNMSPEQLDVNVHPSKRIVHFLYDQEIATSI

Final HSP

]
@

Neighborhood
score threshold

=11

50

337

Search Basics

Programs

Databases

Submit a search

Interpret the results
BLAST options
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Examples
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BLAST Programs

< Whatis your goal?

blastn nucleotide X nucleotide
blastp protein X protein

6 frame, translated nucleotide searches
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blastx nucleotide X protein

tblastx nucleotide X nucleotide

tblastn protein X nucleotide
Word Size

Trade-off: sensitivity vs speed

Too fast for
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More BLAST Programs

MegaBLAST Word Size

- batch nucleotide queries

- very similar sequences 28

Discontiguous MegaBLAST
- batch nucleotide queries 11 matches
- divergent sequences out of 18
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Templates for Discontiguous Words

W =11, t = 16, coding: 1101101101101101 g
W =11, t = 16, non-coding: 1110010110110111 2
W =12, t = 16, coding: 1111101101101101 ’
W = 12, t = 16, non-coding: 1110110110110111

W =11, t = 18, coding: 101101100101101101

W = 11, t = 18, non-coding: 111010010110010111

W =12, t = 18, coding: 101101101101101101

W =12, t = 18, non-coding: 111010110010110111

W =11, t = 21, coding: 100101100101100101101

W =11, t = 21, non-coding: 111010010100010010111

W =12, t = 21, coding: 100101101101100101101

W =12, t = 21, non-coding: 111010010110010010111

W = word size; # matches in template

T = template length

Reference: Ma, B, Tromp, J, Li, M. PatternHunter: faster and more sensitive homology
search. Bioinformatics March, 2002; 18(3):440-5

BLAST
Search Basics

- Programs

Databases

Submit a search

Interpret the results
BLAST options

Format options

- Examples

Nucleotide BLAST Databases

nr (nt) - chromosome

- Traditional GenBank Divisions - NC genomic records §
- NM_ and XM_ RefSeqs .- gss g
refseq_rna - GSS division

- NM_, XM_, NR_ . pat

refseq_genomic - PAT Division

- NC_,NT_,NG_ - wgs

est - wgs entries from

- EST Division traditional divisions

htgs - pdb

- HTG division - Nucleotide sequences

dbsts from structures

- STS Division - env_nt

- environmental samples




New Nucleotide Databases

New BLAST interface

Refseq_genomic +
refseq_rna
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@ Human ged [ncpsus transeriga
Chooss databge ) Mouse genonic phas transrigt
) Ovhers nw otz )

Human géncenic plas ranseript

New Nucleotide Databases

Garamic plus
Hiurian geromse s franseript
Mo gunomic phis iransceipt

Other Datatases

refsoq_ma =

retsoq_genomic
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higs ranscript
pat anscript

Protein BLAST Databases

Protein
e nr
traditional GenBank records
» refseq = NP_, XP_
e swissprot
e pdb
* pat
e env_nr
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BLAST Databases: Genome-specific
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Genomes

+ Human, mouse, rat, chimp,
cow, pig, dog, sheep, cat

+ Chicken, puffer fish, zebrafish

Fly, honey bee, other insects

+ Microbes, environmental
samples

+ Plants, nematodes

* Fungi, protozoa, other
eukaryotes

*

Genome-specific: Map Viewer
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Search [- Select Group o Organism - e [

Switch to Gir: Wew

B Vertebrates B Mants Search all plant mags

Mammals

ather Vertebrates

Save your
searches

Basic BLAST

g BATE newy

ucssenae iaa | 563N 8 RuCinanar Saasane g o nutkestde Gy
pretein bisay | 32970 Rrotein datinase usng 3 protein cuery
s Tip of tha Day
N protein datanase Usng A ransiated nuclestioes o

Chaciing PCH Privers

ANILIAS Putlactan Sate e

K | Searcn translated naclectios calscase W  ranslated nucleotics qusry

1 WISHIN SEHEI8% o AMONG ERRCH




BLAST .
Search Basics
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- Programs

- Databases

- Submit a search

- Interpret the results
- BLAST options

- Format options

- Examples

Setting up a BLAST Search
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m ‘ BLAST
Identifier or sequence
fF o

v ()~ DD

Prolein

Your requast has been successfully submitted and put into the Blast Queue

(Query = gi 6680251 (269 letters)

Putative conserved domains have been detected, click on the image below for detailed results,
1 s 10 150 200 2|0 269

—

The request ID is (1148107
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BLAST Output
of BLAST

-
< NCBI

BLASTP 2.2.13 [Nov-27-2005]

ferance:

Index Tax BLAST Report

R

Lineage Report
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New Output View

Format %
g
Show = Link = INCEI-gf Alignmern # in | HTML  # fgrmat g
# Maidng ¢ Rod ™
8 0
AND | All organisms “
Graphic Overview
Distribution of 65 Blast Hits on the Query Sequence %
[NH 001255 Home sapiens COC20 coll division cycle 20 homolog (S. . $=3172 E=Q
Color Il'f for allgnmont Scoras
Query
o 300 600 900 1200 1500
New Output View
£
Transcript & E
Results can be P 8

genomic hits

sorted separated

jsequances producing signi
{cl 3 to gort co

3010

7 Homo saplens chromosorpei1 g 44.1

NI 006237 1

| Max Total  Query E Max
Accession score score coverage ~ value | ident Links
Transcrip!

MM Home saplens COC20 coll divisio 2876
40.1
Pseudogene, chr 9 4(; :
2672
2645

Functional gene, chr 1 |’ -
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Sorting Results

Resorted by
Total score

value
Homo sapiens COC20 cell divisic 0.0
PREDICTED: Homo saplens chrc B.2
0: Homa sapiens chic 8.2
010 Go-117
oo2 B5% Serily
2673 948 0.0
1.1 Homo saplens chromo: 2645 948 0.0
1 Homo saplens chromasome 3 gi 1% 0.53 100

Functional gene now first

Sorting Hits: by Score

Sort by Score:
longest exon
usually first

Sorting Hits: by Query Start

hoouiy

Sort by Query start:
Proper exon order
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BLAST

Search Basics
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- Programs
- Databases
- Submit a search m
- Interpret the results
- BLAST options
- Format options

- Examples

Where do Scores Come From?

8
Bequences producing Significant Aliguments:
] | Max | Total Query E | Max
Decpsion score| — score ge value ident i |h
2876 5% 0.0 97% [N
40.1 1% 8.2
40.1 1% 82 100% (@D

ome 1 az8

95% Se-117
A Deaag

Scoring Matrices
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Nucleotide search: identity matrix

WWkrwH
|

WFRPr WWwOoO
|

PWWwwo

OO0 -H>
|
WWwWweEr >

CAGGTAGCAAGCTTGCATGTCA
L TRl raw score = 19-9* = 10*
CACGTAGCAAGCTTG-GTGTCA

* jgnores gap costs




Scoring Matrices

Protein search: substitution matrix

e Percent Accepted Mutation (PAM)

» Blocks Substitution Matrix (BLOSUM)
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PAM 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

S8SIN0OIUIN

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
* BLOSUM®62: very good for detecting weak protein
similarities

e BLOSUMBG? is the default matrix in BLAST

SasIN0oIUIN
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BLOSUM62

Minicourses
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Substitution Matrices

Minicourses

A Provisional Table

Substitution Matrix

Query Length

PAM30
PAM70

<35

35-50
50-85
>85

BLOSUMS80
BLOSUM®62

BLOSUM 62 BLOSUM 45

BLOSUM 20
PAM 1

PAM 250

PAM 120

More d

Less
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Where do Expect Values Come From?
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Gequences producing Significant ALignments:

Max
idant  Links |h

Jens COC2! divisic

Homo saplens chrc

97% [

Homa saplans chre
first]
chromasame 1 ge

Expect Value 5
E = number of database hits you expect to find by chance, > S 5
E=Kmne? or E=mn2"
K = scale for search space
) = scale for scoring system
AS’ = bitscore = (AS - InK)/In2
m = query length
n = database length
E is dependent on m x n (search space)
More info: The Statistics of Sequence Similarity Scores
E is dependent on m x n (search space) |
low score high Expect %

CAGGTAGCAAGCTTGCATSTCA
IR 1 raw score = 19-9 = 10
CACGTAGCAAGCTTG-GTGTCA

More info: The Statistics of Sequence Similarity Scores
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Search Basics

- Programs

- Databases

- Submit a search

- Interpret the results
« BLAST options

- Format options

- Examples
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Advanced Options

Options for advanced blasting Limit to Organism

LD (i ifver] NOT ma or seleet froms

noouIN

entrez query

Composition-
based &
talistics

nl

Choose filler ¥ Low ¢
Expect [0
Waord Size [73]

Matrix [BLOSUNE]

GH]
ORGN]
APELL varue

descriptions
alignments

PSSM

Other

sdvanced 1@ 10000 v 2000

PHI pattern [

Other Advanced Options

For short queries: increase e and lower W

Other
advanced

‘ —e 10000 -W 7 —v 2000 —b 1500

-e expect value
-W word size

-v descriptions
-b alignments

S8SIN0DIUIN
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BLASTP —
“...short, nearly exact matches”

E
Qpuons for advanced blasting
. L|-.-||| IJI\-' or select from: All organisms B
entraz query
I—"—OI‘I:_;I:J:I"N::: No adjustment -
Choose Niter Mask for lookup table only CIMask lower case
Matrix | PAM3D » | Cap Costs | Existenca: 9 Extanzion: 1 =
BLAST _
Search Basics
- Programs
- Databases
- Submit a search
- Interpret the results
- BLAST options
- Format options
- Examples
‘New’ Formatter
Format ;
Show [ Craphical Cverview [ Linkout [ Sequence Retreval (5] MOE - g0 Alionment %) in| HTML__  format %

Lower Case

Aligment = =
vi
Select lower case
Formuat fi

PSEBLAST

Select red

Lisuit results

by entreg, [ oF sebeet fromdad cganims =
sy
Expect valoe ——— ———
rnge

Lavout: [TeoWndows =] Formatting oplions on pae with reslts; [Fee =]
Autoformal |Seresss =]

—_

19



BLAST Output: Alignments & Filter

| B human homolog of ené product, Swiss-Prot|

positives, from score
matrix

sbijet

sbjct 406
Alignment View Options
z
P E
Format
Show  EGraphical Overview B Linkout B Sequence Betris qi Alignment * in HTML %1,
- | Gray
Number of &

Pairwise

Pairwise with identities
query-anchored with identities
query-anchored without identiti
flat query-anchored with identities

-anchored without identities

Alignment View: Flat Query-Anchored
with Identities

[[Got soinciod soquences | [ Seiectan | [Doselectat | [Tree view |

W
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Alignment View: Hit Table

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

SAASAAAANALAASAAAA S TAAALAAAARLSEEASLLss

PALELUISA SRR R Uy o & BT
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BLAST
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

S8SIN0DIUIN
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BLASTN vs BLASTP

BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.14 [Apr-09-2006]

Matrix | sLosumez = gap open:ll | gap extension: |

®_dropoff: 50 |expect; wordsize: 3 Filter [J View option | S:aandaed -
Masking character option Xfor peotein nfornucieatide % Masking color option | Black
CIshow COS translation [Jasgn |

2

_— | BLASTP

NOTEBitscore and expect value are calculated based on the size of the nr database.

BLAST is a shortcut . . .

An alignment BLAST cannot make:
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-

GAATATATGAAGACCAAGATTGCAGTCCTGCTGGCCTGAACCACGCTATTCTTGCTGTTG

L o o e AN I
GAGTGTACGATGAGCCCGAGTGTAGCAGTGAAGATCTGGACCACGGTGTACTCGTTGTCG

[

61 GTTACGGAACCGAGAATGGTAAAGACTACTGGATCATTAAGAACTCCTGGGGAGCCAGTT

[y e e e e e a1l |
61 GCTATGGTGTTAAGGGTGGGAAGAAGTACTGGCTCGTCAAGAACAGCTGGGCTGAATCCT

121 GGGGTGAACAAGGTTATTTCAGGCTTGCTCGTGGTAAAAAC
LEEE DL e e 1l LD it

121 GGGGAGACCAAGGCTACATCCTTATGTCCCGTGACAACAAC

[

Reason:

no contiguous exact match of 7 bp.

An Alignment BLAST Can Make

Score = 290 bits (741), Expect = 7e-77
Identities = 147/331 (44%), Positives = 206/331 (61%), Gaps = 8/331 (2%)
Frame = +3

Query: 6 MKVALFFSLLVVAISAS SKHFNIFTONVRATEAH 185

AKFOAFKLEHGETYLNOA!

Hhets 44k U 4ME E L s4sATK M KsY + EE RF IFTHN 1 K
Shger: T LELSVLCATVAVTVALSSCEILRTOUEATKTTHRRS VCSHNERLLEFKIFTENSLETAKR 61
fuerys 106 HAL TLEASERETLET 156
WA T +E VITE +T Vo4 WD
Sbicc: 62 NAKYARGLVSYILG GETFLPEANVNDSILFKUVD 121
fuesy: 357 VRREGRVTOVEDGS ISLIECALIBSCTD-TEAGSE 533
VREAG VT VEDOd FSLIEY LD 6
Shaee: 182 URKKGAVTIVEDOS) PSLIECHLVECEUSFONNGCE 181
famry: 519 GOILDDNFEYV-W FTRVSKYTS IPAEBEDALLEL 710
GG 45D FRY+ +F 14 E L4
Shice: 10E GGLMEDAFEYIRAN FATOTGYVETKAGSEVDLERL 241
fuery: 711 VATVGPYSVGHDAS] LAVGYGTERGEDYUITINER B84
VATWGP#EV 4D L VGYG + G YU4+RNEW
Sbice: 242 VATVGPISVAIDAS LYVSYOVREIRRYULYINEY 301

umry: HBS GASUGEQGTFRELAR-GKNCCGISEDTVYRTI 874
SUGHOGT 4B 1+

Shce: J0Z AESUGDOGTILMSEDNMIOCSTASQASYRLY 192
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BLASTN vs TBLASTX

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

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

Homo sapiens
%
1

Homo sapiens

Anopheles gambiae Anopheles gambiae
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Hands-On

www.ncbi.nlm.nih.gov/Class/minicourses/quickblast.html
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Position-Specific Score Matrix

Serine/Threonine protein kinases
catalytic loop

/_H
08 wEHEem

F-————————— GITHRCIEFENTLLOE--~-
DAF-1 QiggsmvaRD HE IM————
A-———T-—-To GTTHRDIEPSNTVVRS -~~~
P AIAHRDIKFRNILVEK----
B———————— AEMAHRDJEE KN TMVEN-————
Q--———————- GVTHRDIKPENTLINe -~~~
e AIAHRDIKFRNILVEK----
T--———————- PLIHGDYKPANTLLDG-~~~
P PIVHRDUKFPNLLVDK-——-
P PVIHRDUEFNNILLLgpies

S8SIN0DIUIN
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Position-Specific Score Matrix
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