Mini Courses

BLAST Quick Start

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

e Introduction
- Words & extensions

Search Basics
e Programs
e Databases
e Submit a search
e Interpret the results
e BLAST options
e 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

e in NCBI databases
 in local databases (standalone BLAST)
e to a single protein or nucleotide sequence

(BLAST 2 Sequences, or pairwise BLAST)
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BLAST Web Searches, 2007

Total number of g

SPLITD ——

200,000/day

S9SINO2IUIN | 9DN




Basic Local Alignment
Search Tool

» breaks the query sequence into “words

e local alignments; isolated regions of

similarity

e fast and sensitive

e word matches to database sequences

are extended in both directions

S9SINOJIUIN |gDN

Seq 1

Seq 2

Seq 1

Seq 2

Global vs Local Alignment

e

| Global alignment

AN
| Local alignment
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Global vs Local Alignment z
@
<
Seql: WHEREISWALTERNOW (16aa) =1
Seq2: HEWASHEREBUTNOWISHERE (21laa) g
Global
Seql: 1 W-—HEREJISWALTERNOW 16
W |HERE
Seq2: 1 HEWASHEREBUTNOWISHERE 21
Local
Seql: 1 W-- 5 Seql: 1 W--HERE| 5
W |HERE W HERE
Seq2: 3 WASHERE| 9 Seq2: 15 WISHERE| 21
How BLAST Works z
@
z
Make lookup table of “words” for

query
. Scan database for hits

Extend alignment both directions




Nucleotide Words

Make a lookup table based on the word size.

11-mer

ATGCTGCTAGTCGATGACGTAGCTA

ATGCTGCTAGT
TGCTGCTAGTC
GCTGCTAGTCG
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Protein Words

AIEKCYTGCTLAQEADDTA

AlE
IEK LEK, IDK, IQK, IER, IDR, etc
EKC ” Neighbo;god words -
KCY

CYT

Lookup table, including neighborhood words, is

based on word size, score matrix, and threshold.
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Word Hits & Extensions

Nucleotide: one exact match

ATGCTGCTAGTCGATGACGTAGCTA

— GCTGCTAGTCG —>

Protein: two matches within 40 residues

AIEKCYTGCTLAQEADDTA
<GIDKe=—> <—EAD=—>
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BLAST Programs

' ?
< What is your goal’

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
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More BLAST Programs

Word Size

MegaBLAST
- batch nucleotide queries
- very similar sequences 28

Discontiguous MegaBLAST
- batch nucleotide queries 11 matches

- divergent sequences out of 18
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BLAST]

Search Basics

» Programs

- Databases

- Submit a search

- Interpret the results
- BLAST options

- Format options

- Examples
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Nucleotide BLAST Databases
- nr(nt - chromosome
- Traditional GenBank Divisions - NC genomic records
- NM_ and XM_ RefSeqs - gss
- refseg_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
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New Nucleotide Databases

Query subrange @

) —

Cesslon UM Genomic plus Transcript

. Human genomic plus transcript
Mouse genomic plus transcript
Other Databases

MNucleotide collection {nr/nt)

Reference mRNA sequences (refseq_ma)

Reference genomic sequences (refseq_genomic)

Expressed sequence tags (est)

Mon-human, nen-mouse ESTs (est_others)

Genomic survey sequences (gss) :l

High throughput genomic sequences (HTGS)

Patent sequences(pat)

Protein Data Bank (pdb)

Human ALU repeat elements {alu_repeats)
yse Search Sequence tagged sites (dbsts)
Whole-geneme shotgun reads (wgs)
Environmental samples (env_nt}

Hurnan genomic plus transcript -4

ad file

= ranscript ' Others (nr etc ):

Z
o @]
= BLAST 2
Home  RecentResults Saved Strategies  Help %
=}
» HCBI' BLAST! blastn suite: BLASTN programs search nucleotide databases using a nucleotide query. more 8
g
12
Enter Query Sequence
Enter accession number, gi, or FASTA sequence =& Clear Query subrange &
) —
L — T Human
Job Title | Refseq_genomic +
Enter a descriptive title for your BLAST sear refseq rna NOW
Default db!!!
Choose Search Set
Database & Human genomic + transeript ' WMouse genomic + transcript € Others (nr etc.):
Entrez Query
Optional
Enter an Entrez query to limit search &)
P
(@]
o
stn suite: BLASTMN programs search nucleotide databases using a nucleotide query. more... Z
=]
2
g
r Query Sequence 3
o]
0




Protein BLAST Databases

Protein

nr

traditional GenBank records nr # nr

refseq = NP_, XP_
swissprot

pdb

pat

env_nr
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BLAST Databases: Genome-specific

Genomes

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

e Chicken, puffer fish, zebrafish

Fly, honey bee, other insects

¢ Microbes, environmental

samples

Plants, nematodes

Fungi, protozoa, other

eukaryotes
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Genome-specific: Map Viewer z

@©

=

NCBI Map Viewer §

Genormic Bialogy Genaome Taxonomy Entrez BLAST Help %

Searchl—SeIeCTGroup or Organisr - j for | ¢
Gal

Chicte o the organism name to go to e genomea view Sicin ip EEgimeE! izt

B Vertebrates HPlants  BLAST  Search all plant maps
Mammals BLAST  Aegilops tauschil
BLAST  Bos taurus (cow) Build 2.1 BLAST  Aegifops urnbeliulata

BLAST Bos taurus (cow) Build 2.1 BLAST - Alliumn cepa (onion)

BLAST  Canis farmiliaris (dog) BLAST - Arabidapsis thafiana (thale cress)
BLAST  Felis eatus (cat) BLAST  Avena sativa (oat)
BLAST  Harmo sapiens (human) Build 36 BLAST  Beta vuigaris (beet)

BLAST Horno sapiens (human) Build 35 BLAST  Brassica juncea (Indian mustard)
BLAST Macaca mulatta (rhesus macague) BLAST  Brassica napus (vilseed rape}
BLAST  Mus muscuius (mouse) Build 36 BLAST  Brassica nigra (black mustard)

BLAST  fMus rouscLils (mouse) Build 35 BLAST  Brassica oleracea
BLAST  Owis aries {sheep) BLAST  Brassica rapa (field mustard)
BLAST  Pan troglodytes (chimpanzee) BLAST  Capsicurm annuurm
BLAST  Rattus norvegicus (rat) BLAST  Eragrostis tef (tef)

BLAST  Sus scrofa (pig) BLAST Glyecine max (soybean)
BLAST  Hordeuwrn vuigare (barley)
Oiherventebrates BLAST Lotus Japonicus (lotus)

RLAST Dfi{v' ] (‘_Ze_e["-a‘ﬁ‘s.h).\. §

ulenta (cassaval
P R N

BLAST....fawihat

L

< BLAST Fer

Home  RecentResults Saved Strategies

*NCBI/ BLAST Ho ’y
etween biological sequences. more...

Save yOUr - now available
searches he new release includes a

new engine for blastall,
changes to statistical

Choose a s or list all genomic BLAST databases e S S
o Human o Oryza sativa o Gallus gallus 2005-12-06 11:55:00
o Mouse o Bos taurus o Pan troglodytes TG aam “Li
o Rat o Danio rerio o Escherichia coli e
o . . I — T E— BLAST release 2.2.14 offers
o Arabadopsis thaliana o Drosophila melanogaster o Apis meliifera
a universal binary for Mac 05
X, and improved
Basic BLAST performance on some
platforms
Choose a BLAST program to run 2006-06-07 12:05:00

nucleotide blast | S€37Ch @ nucleotide database using a nucleotide query More BLAST news...
- Algorithms: blasin, megablast, discontiguous megablast 4
rotein blast | S€arch protgin database using a protein query

protein blast Algorithms: blastp, psi-blast, phi-blast Tip ofthe Day

blastx | Search pretein database using a translated nucleotide query Checking PCR Primers

thlastn | Search tr d nucleotide database using a protein query Afrequent use of
nucleatide-nuclectide BLAST
thlastx | Search translated nucleotide database using a translated nucleotide query is to check the specificity of

oligonucleotides for
hybridization in PCR. The
Specia“zed BLAST goal is usually to make sure
that the primers will give a

Choose a type of specialized search (or database name in parentheses ) unigue product from the
target genome or cONA

o Search trace archives with within species or among species i
P HaoR2eaus 2 ALEST e




BLAST]

Search Basics

Programs
Databases

Submit a search

Interpret the results

BLAST options
Format options

Examples
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Setting up a BLAST Search

NCBI BLAST! blastp suite: BLASTP progran

Enter Query Sequence

Enter accession numbnr/‘/ sequence ¥

s search protein databases using a protein query. more

Identifier or sequence |

Clear

NE_032294

Title )
i §

Or, upload file

| _Browss |

|r-JF'_EI32294:h-:|mE-:| Rox BS [Mus musculus]

I
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Database

Organism
Optional

Entrez Query
Optional

Choose Search Set

Eriera o escripiive e Tor your BLAS T Search i)

IMon-redundant protein sequences (nr} (2]
| Non-redundant protein

Reference proteins (refseq_protein)
Swissprot protein sequences(swissprot)
Patented protein sequences(pat) )
Protein Data Bank proteins(pdb) -
Environmental samples{env_nr)

Select database

louse © Custom

1
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= BLAST

Home  RecentResults Saved Strategies Help

» NCBI BLAST/ Formatting Results - 41Z6F6C012 Formatting options

Job Title: NP_032294:homeo box B5 [Mus musculus]

Putative conserved domains have been detected, click on the image below for detailed results.
1 50 Lig 150 200 50 269

WAITING

Request ID MMIGFECO12

Status Searching

Submitted at Thu Mar 22 00:36:54 2007

Current time Tue May § 16:42:35 2007

Time since submission 00:00:11 Conserved Domain SearCh run

for protein queries

Z
Default Qutput 3
sy}
£
G i
= BLAST 2
Home Recent Results Saved Strategies  Help g
» NCBI BLAST! blastp/ Formatting Results - 6B1GYW57014 Reformat these Results]  [Edit and Resubmit] [Sign in abave to save your sear 3
Job Title: NP_032294:homeo box B5 [Mus musculus] » Show Ct

BLASTP 2.2.16 {Mar-25-2007)

Reference:

Eltschul, Stephen F., Thomas L. Madden, Alejandro 4. Schaffer,
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman
11997), "Gapped BLAST and P3I-BLAST: a new generation of

protein database search programs”, Mucleic Acids Res. 25:3389-3402.

Reference:

achaffer, alejandro A, , L. Aravind, Thomas L. Madden, Sergedi
Shavirin, John L. Spouge, Yuri I. Wolf, Eugene V. Koonin, and
Gtephen F. altschul (2001), "Improving the accuracy of PSI-BLAST
protein database searches with composition-based statistics

and other refinements”, Nucleic Acids Res. 29:2994-3005.

RID: GBLGYIS7014

Database: &1l non-redundant GenBank CD3
translations+PDE+3wissProt+PIRAPRF excluding environmental sawples
from WGS projects

5,002,253 sequences; 1,729,200,953 total letters

If you have any problems or questions with the results of this search
please refer to the BLAST FAls
Taxonowy reports

Query= gi|e680251 1ref|NP_032294.11 homeo box BS [Mus musculus]
Length=264
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Default Output

Graphic Overview

Distribution of 104 Blast Hits on the Query Sequence

|Muu59 over to see the defline, click to show alignments

Color key for alignment scores
<40 40-50

Query
1
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Summary Table

Distance tree of results MEW

Sequences producing significant alignments:

homeo kox BS [Mus musc
to Homecokbox protein H

to HomeoboxX proted

omo sapiens] >ref|XF_

homeockbox BS
lar to homeokox protein [Mono

1 FERE =1

unnamed protein product [Mus muas

homeo box BS

Hoxb-5 [Gallu=s ga
ig] »emk|CRR31Z...
homeo kox BS5a [Danio rerio] »sp|P0%014|HXBSA4...
Hoxb-5 [Pelodiscus sinensis]

PREDICTED: =similar to homeo box protein B...

homeodomain protein

homeo box BSk [Danio reri

homeckbox protein [Danio r ]
homeodomain protein [Megalobrama amblycephalal

S9SINO2IUIN | 9DN
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BLAST Output — tree view

ON

Tree view for rid: 4176F6C012, query ID: ref|[NP_032294.1, database: nr

This tree was produced using BLAST pairwise alignments. more...

Sequence Label & Max Seq Difference @
ilSequence Title {if available) |D.?5 - Show removed sequences Hide C
radial | | force Show distance Mguse over an internal node for a subtres or alignment
0 homeobox protein [Pefromyzon marinus] Blast names color ma

“ Homeobow profein How 05
& FREDICTED: hypothetical - rodents

PREDICTED: similar to homeo bow © 5 [Canis familiaris) | ]
4 A PREDICTED: similar fo homeobos G5 [Ractus notsegicus] mammals

PREDICTED: similar to homeobon C5 [Rathuz notvegicus] - primatss

u chomeoboH 5 [Homo sapien:

5]
9 FREDICTED: similar to homeobox © 5 [Pan froglodutes] - marsupizls
& homeobon protein =
@ Unknown (protein for MOC: 1 54454) [Renopus laevis) - birds
& Homeobow profein How A5
= HawAS porila gorilly I oo ishes
4 @ Homeoboy profein Hom &5 (How-1.31 - turtles

& & Homen bow 45 [hius musculus]

& hamea bor &5 [Rus musculus] - ’W
uninamed protein product [Mus musculus] =
3 HO A5 [Lemur catte] - zmphibizns
5 @ FREDICTED: similar o Homeobox protein Hos: &5 (Hox 1.3) (2) [Radus nonsegicus]
(& HORAS [Lagothriz egotricha - other s=quences
PREDICTED: similar to Homeobow protein Hos 25 (Hos- 1.5 (M2) [Canis familiaris] - charks and rays

@ rhomeobon A5 Homo sapiens]
3 Bhomeo b AF Bsvnthetic construct - lampreys
& HORAS Homa sapiens]
 PREDICTED: similar to Homeabox profein Hom &5 (Hos- 1.3 (2] isoform 2 [Macaca mulats]
% i PREDISTED: hypathetical protein isaform 1 [Fan froglodutes]
* PREDICTED: similar fo Homeobox protein Howe 45 (Howe 1.3) (2] isoform 1 [Macaca mulatt]

Alignment View - pairwise

E homeodomain protein [Danio rerio]

1 E ZF-21 gene product [Danio reri
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Score = 327 “Xpe""t = Se-
Identities = Pogitives
Query 1 MS5¥YFVNSFS

MSSYFVNSFES
Sbjer 1 MS5¥YFVNSFS
Query &0
Shjet &1

50QL SSPS'E?EQPTPI-H-CSTEEP———




New Output View

Legend tor linke to other resources: [ unicene 3 cxo [ cene B secucvare [ map viewer

-
(Click heade

Accession

producing =i
o sor

hatrbe

Haoches

HorBS

Heolish

hameadomain protein [Canio rerio] >emb|CAAI1250
hamen

(S
hameadomain pretein [Megalobeama a

Hameabax protein Hox-85h »ghl
Hoxb5b [Sphoeroides nephelus] o

Unkhawn (protein for MGC
unhamed pratein product [T
Hamaobox protein Hox-B%s

Homeobax protein Mox [Lagathrix lagotricha]
Homeobex protein Hox-45 » ‘ mur catta]

gui ficant aligmemnts:
i
Description

box B [Mus mussculus] >gblAAAITES

bex 0% [Gallus gallus] =gbla 184,11 homeadamain transcription factor [Gallus
[Gallug gallug]
gene product [Danio rerio]

HBSA_BRARE Homeshox protein Mox-BSa (Ho:

box BSa [Danio rerin] »5p|POS0L4]
[Pelodiscus sinensis]

reria] #30IPOIOLIIHABSS_BRARE H
= B [Dar

pre erio]

blycaphala]
v2ia5 Istipes] »UbIIBAESI982 11 hoxBSh [Oryzias latpes]
F22424.1] homaobax protein HoxBSh [

fugu rubripe . 30;

Letimeria menadoensis] "
[Oncorhynchus m ]

‘akifugu rubrips
ra [Gallus gall
TED: similar to homesdomain transeription factor [Menodelphis domestica]

(M2} [Rattus ae

Tutal
score
420

419

5
L4

O5 FERRECAEER

H6E

W 190N

S$3s.4noJlul

BLAST

Search Basics

e Programs

- Databases

- Submit a search

- Interpret the results
- BLAST options

- Format options

- Examples

N 190N

S3s4N0J1ul

16



Where do Scores Come

From?

Legend tor linke to other rescurces; [ unicene 3 oo [ cene B secuen

Sequences producing sige Gcant al igeeeste:
(Click heade % e
Accession Description | ."“" |

104.1] horneademain transeri

homen bow 0% [Gallus gallus] =gl 8 ion facter [Gallug
Hoxb-5 [Gallus gallug]

homeodomain protein [Danio rerio] >emblCAAI12H0. gene product [Danio rerio] ?
XBSA_BRARE Homgahos probein Mox-BSa (Hos .

rera] »3plPOINIIHABSE_BRARE H

1

1] He = BSb [Cares re

hameabox pre wwia]

hameadomain protein [Megalobrama amblycephala]

Oryzias Istipes] »dbiIBAESI482.11 hoxBTH [Oryriss latpes] 2
Homesobex protein Hox-85h »gblABF22424.1] hemeobex protein HoxB%b [Takifugu rubrice ¥
HoxbSk [Sphosroides nephebus] 1
HoxBS [Lstimeria mensdoensis]
HoulShi [Onearhynchus m 1
Unknown (protein for MGC
unnamed pratein produst [T
Homeabex pratein Mox-B5a

& [Takifugu rubripe
f [Gallus gall

Hameabax protein Hox-4% »gb|A8MES201
Homeaben protein Hox-4% >gblABMEAGS.

Total | Query | E
score | coverage | — value
420 100% .
419

16

84
78 1

260 5o

259 1e

253 58
e
D
2
ae

O5E FERRECARER §

H6E

W 190N

S$3s.4noJlul

Scoring Matrices

Nucleotide search: identity matrix

OO-4dH>r

(AJ(AJ(IAJH:D
WwWwkFE w-H
00|—‘(LJOOO
HOOCIJOOOG)

CAGGTAGCAAGCTTGCATGTCA

It il
CACGTAGCAAGCTTG-GTGTCA

raw score = 19-9*

10*

* ignhores gap costs

N 190N

S3s4N0J1ul
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Scoring Matrices

Protein search: substitution matrix

e Percent Accepted Mutation (PAM)

e Blocks Substitution Matrix (BLOSUM)

S9SINOJIUIN |gDN

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

S9SINOdIUIN | 9DN
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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

* BLOSUMG62: very good for detecting weak protein
similarities

e BLOSUMG2 is the default matrix in BLAST

S9SINOJIUIN |gDN

BLOSUMG6G2
A 4
L-phenylalanine (F) L-tyrosine (Y)
. d
5 ® .
-2 6
0 -2
-3 -4
-3 -4
/4| 1-2. 0L
M -1 -1 0-2-3-2 1 2-1 b
F|-2 -2-3-3-3-1 0 0-3 0 6
-1 -3-1-1-2-2-3-3-1-2-47
s 1 -1 0 0 0-1-2-2 0-1-2-1 4
Negative for less likely subsﬂtuhons& _é _i i _i _; _2 11
Y|-2-2-2-3-2-1-2-3 2-1-1-2- 3-2-2 2 7
0 an o2 -2-2 0-3-1 4
X 0 1’Posmve for more likely substitutionsp -2 0 0 -2 -1 -1 -1
A RN[DJC Q E G HTTLKM[F/PSTWYVX

S9SINO2IUIN | 9DN
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Substitution Matrices

P
(@]
T
- . z
A Provisional Table g
Query Length  Substitution Matrix
<35 PAM30
35-50 PAM70
50-85 BLOSUMS80
>85 BLOSUMG62
BLOSUM 80 BLOSUM 62 BLOSUM 45
FAM 1 FAM 120 PAM 250
Less divergent == > More divergent
Where do Expect Values Come From? 3
B
3,
8
c
@
]
Sequences producing significant alignments:
(Click headers to sort columns)
. A Max Total Query E Max -
(EREEEE PEEETHEED score |~ score coverage | value [ident ‘ L
Transcripts
NM 001255.1 Homo sapiens CDC20 cell divisic 2876 2876 95% 0.0 97% |[EED
XM 933013.2 PREDICTED: Homo sapiens chro 40.1 40.1 1% 8.2 100% [GM|
XM 944035.2 PREDICTED: Homo sapiens chrc 40.1 40.1 1% 8.2 |100% [EU
Genomic sequences [show first]
NW 921351.1 Homo sapiens chromosome 1 ge 428 3010 95% Se-117 f100%
NT 032877.8 Homo sapiens chromosome 1 ge 428 3002 G5% 9e-117 B100%
MT 023935.17 Homo sapiens chromosome © ge 2620 2673 04, 0.0 100%
MW 024484 1 Hom aptenschromosome 0 g 2501 2645 G404 -G 1 005%
NW 921807.1 Homo sapiens chromosome 3 ge  44.1 44.1 1% 0.53 [100%

20



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

E=Kmne?*S or E=mn2¥

K = scale for search space

L = scale for scoring system
AS’ = bitscore = (AS - InK)/In2
m = query length

n = database length

S9SINOJIUIN |gDN

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)

Score = 30.2 bits (15}, Expect 19

Identities = 15/15 (100%), Gaps 0/15 (0%)
Strand=Plus/Plus
Query 4 GTAGCAAGCTTGCAT 18

FEEEEErrrrrrnnd
Sbjct 40347983 GTAGCAAGCTTGCAT 40347597

Short query =
low score Lhigh Expect
~_ 1

/

CAGGTAGCAAGCTTGCATSTCA
HE e et raw score = 19-9 =

CACGTAGCAAGCTTG-GTGTCA

10

More info: The Statistics of Sequence Similarity Scores

SaSINOOIUIN | FDN

21



BLAST]

Search Basics

S9SINOJIUIN |gDN

» Programs

- Databases

- Submit a search

- Interpret the results
- BLAST options

- Format options

- Examples

Initial Options

I 190N

Limit results  Descriptions: [ 100 8]  Graphical overview: | 100 [B]  Alignments: | 100 &

Entrez query: | A

Organizm fpe common name, binomial, taxid, or group name. Only 20 top taxa will be show

-/ x_|
Expéct Min: I:I Expect Max: I:I

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

‘ chimpanzee[organism] ‘
‘ viridiplantae[organism] ‘

22



I/ BLAST! blastp suite: BLASTP programs search protein databases using a protein query. more.. Resetpage  Bookmark

Enter Cluery Sequence

Enter accession number, gi, or FASTA sequence & Clear Query subrange &)

Floml—
To[

Or, upload file Browse... | &

Job Title |
Enter a descriptive title for your BLAST search @)

Choose Search Set

Database | Mon-redundant protein sequences (nr) j @
]

aptional |
Enter arganisim comman name, hinomial, or tax id. Only 20 top taxa will be shown. &)

Entrez Query I

Optional
Enter an Entrez query to limit search &)

Program Selection

Algorithm © blastp {protein-protein BLAST)
© PSLBLAST (Positinn-Spacific Iterated BLAST)
© PHIBLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algarithm @)

(uBTj\S'[ farch database nr using Blastp (protein-protein BLAST)

[ show results in a new window

W Algorithm parameters

General Parameters

S9SINO2IUIN | 9DN

Max target

sequences Select the maximum number of aligned sequences to display @)
Short queries Automatically adjust parameters for short input sequences ‘&
Expect threshold

Word size

Advanced Options

Scoring Parameters

Matrix BLOSUMGZ 5] @

Gap Costs |Existence: 11 Extension: 1 L=
Compeositional |Cumpositiun-hased statistics @
adjustments

Filters and Masking
Filter [ Low complexity regions &

Mask [T Mask for lookup table only &
[0 Mask lower case letters &




BLAST

Search Basics

» Programs

- Databases

- Submit a search

- Interpret the results
- BLAST options

- Format options

- Examples
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Default Output

BLAST

Home  Recent Resulis

=

Saved Strategies  Help

PNCBI BLAST/ blastp/ Formatting Results - 6B1GYW57014 Reformat these Results] | [Edit and Resubmit] [Sign in above to save your seart

Job Title: NP_032294:homeo box BS [Mus musculus] P Show Gt

BLASTP 2.2.16 (Mar-25-2007)

Reference:
ETTS0MIT . 5PN f——3 i . 2

S9SINO2IUIN | 9DN

Tiaga D
(1937Request EB1GYW57014 | View report II_ Show results in a new window
Refer

prote
rmat Show Allgnmenl;l as | HTML ;I [ Achvaniced View Reset form to defaults
Hchat

Shawi i -
et Alignment View | Paimise =

o
5‘;3 E Display [V Graphical Overview [ Linkaut [V Sequence Retrigval [ NCBl-gi

RID: Wasking Character Masking Color

Datab Limit results  Descriptions: Graphical overview: Aligrments:

trans

frow Organism  Type common name, binomial, tsxid, of group name. Only 20 top taxa will be shown
[ ]

TE 3 Entrez guery: |

pleas

Taxar Expect Min: ‘ Expect hax: | |

Query Formatfor [TPS.ELAST  wihinclusionthreshod| |

Lengt

€




BLAST Output: Alignments & Filter

FMgi|d466462 |gh|AARIT374.1] human homolog of E. coli mutl gene product,

Identities
puery 1
Sbjct 276
Query &0
Shict 336
Query 118

Shict

Score = 218.935 bits (553}

Number P23367
Length=756

, Expect = 8.71148e-57
= 120/131 (91%), Positives = 125/131 (95%), Gaps = 2/131 (1%)

IETYYAAY LPENTHPFLYLSLEISPONVDVNVHPTFHEVHF LHEEST LE-VQOHIESELL
IETVYAAYLPENTHPFLYLSLEISPONVDVNVHPTFHEVHEF LHEESILE VOQOHIESELL
IETVYAAYLPENTHPFLYLSLEISPONVDVNVHPTFHEVHEF LHEESILERVQOHIESELL

GENSSRMYFTQTLLPGLAGPSGEMVE-stteltssstegsDEVYAHQMVRTDSREQKLDA
GSNSSEMYFTQTLLEGLAGPSGEMVE +T+ +55++ SDEVYAHQMVRTDSREQELDR
GSNSSRMYFTOTLLPGLAGPSGEMVESTTS LTSS STSG5SDEVYAHOQMYVRTDS REQRLDA

FLOPLSKPLSS 1282 A H
FLOPLOKPLES low complexity sequence filtered
406

FLOQPLSEPLSS

59

118

395

Display

Limit results

Alignment View Options

show [algnment[§] as [ATIL [ adgvane

Alignment View Pairwize

yize with dote for identities
Query-anchored with dots for identitiss
Query-anchored with letters for identities
i —anchored with dots for identities
Flat guery-anchored with lstters for identities
Hit Takle
Entrez auerv:|

show [aignment B  as [FTIIL [ advan

Alignment Wiew Pairwize

Display  |Pairwize with dots for identities
Query-anchored with dotz for identities
Query-anchored with lstters for identities
Flat query-anchored with dotz for identities
Limit results

Flat query-anchored with letters for identities

S9SINO2IUIN | 9DN
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Alignment View: Flat Query-Anchored

2
.  ys @]
with Dots for Identities >
S
Getselected sequences H Selectall ][ Deselect all H Tree View ]
1 gsy——RDP--AAMH-—-TGSY-————— G 46
1L SO h 0500 ta0 o0 on0 0000 o000 0000000 = = == o o 4e
= T=y =gy SSoooo0 SHCaooooooo000oo000G0 = = == o o 46
f 1 e SRS ST T T YT RpEpuppE R = = ——— e 48
011138833 1 ......... S ST L T T T FREpupEpupEpEpE R = = Sl L L s 46
012848710 1 ——— - 7
76644496 1 .ooevnn.. SSoooo0 SHCaooooooo000oo000G0 = = == o o 46
057235483 1 ......... T e TS..MN...--..S--8T..-—-8S5..-———— 46
i .. S neaoa SR PSR R TS..MN. I e T D e 5 4
T e g SS5a0000 S TS .RAMN ——w.8——-GT..—88..————. 2z 4deg
1 -—S5..—— 7
e g S oocooo SR PSR R TS..AMNASY-..S5--GT..——S5...———— 47
T e g SS5a0000 Soano0oo0os Ts..AMNASY-..S5—-GT..-——8...-———— 47
gy 1A A 500000 —eBecenas. . TNGAMNA, .——..5—-T85..—8..F———— 4¢
i ... s -.5........TNGAMNA. .——_..5—-T5..—S8..F——— 46
i L. e L e -.5........TNGAMNA. .——_..5—-T8..——S8..F-———-— 4¢
T e g SS5a0000 SIS ——GF..—8..F——— 4
L e g SS5a0000 -.8 S s e el D 4¢
1 e SES S nSa S oemaoe H 83—.8..—8.R.———— 46
i .. —ein S n 55 S oemaoe H 5——.85..—S5.R.———— 4
e Y P re s SRS SETEV TSRS H - T Pwwwtl-77 3 CUrewwrtrd P 46,
Alignment View: Hit Table 2
(@]
o
-2005] . -
INF_032294.1| homec box BS [Mus musculus] : %
4 o
v id, subject ids, % identity, % positives, alignment length, mismatches, gap § 8
4 =
)
(1]
7]

g i 4a;|___|u:__a44§.¢| I L2 T gE Tl T I e g 1 Eleaa- b

4.1] gi|1708354|sp| PO9079 | HEBS_MOUSE;gi Fﬁ251|"°"|1TE_032234.1|:3

4.1 gi|74225740|db] |IBAE21635.1 ;9117 c|3=n5.1|;gi|73§

4.1 7 ' 548176.2| +

94.1] 002138.1;gi|408

4.1 0 230 1 4

e 275 21 S

94.1] 1

gil 5 94.1] & 53 4
ail 25 34.11 a0 a3 :
gil 5 94.1] 3030.1] 30 4s p
gil 5 94.1] 1176.21 ;g1 1493.10;gil2§
gil 1] gil 62537 |emb| 20.1];gil 62555 | emb 131230.11 '?Cl.i:
# Fields: query id, subject ids, % identity, %  |.¢
positives, alignment length, mismatches, gap ;
| 3

opens, g. start, g. end, s. start, s. end, evalue, §3
bit score $
P

S

ail

Toeel
231 zef INE 032294, 11, . o gil472159291emb (CAGQ1627 . 1) o o 25533 o £L- 84, L 315 . . .2

"
»
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BLAST]

Search Basics

» Programs

- Databases

- Submit a search

- Interpret the results
- BLAST options

- Format options

- Examples

S9SINOJIUIN |gDN

Examples

e Protein searches more sensitive than
nucleotide searches

- redundancy of the genetic code

- blastn, megablast best when searching
within same organism

S9SINO2IUIN | 9DN
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BLASTN vs BLASTP

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

Matrix | BLOSUME2 ~ | gap openii1 |gap extension: 1
x_dropoff: 50 | expect:10.0000 wordsize: |3 Filter [0 View option | Standard v
Masking character option | Xfor protein, nfor nuclectide | Masking color option  Black v

CIShow CDS translation

1/

\M

BLASTP

1

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

Score = 48.5 bits (114), Expect = T7e-04
Identities = 50/181 (27%), Positives = 8

~1dON

BLAST is a shortcut . . .

An alignment BLAST cannot make:

1 GAATATATGAAGACCAAGATTGCAGTCCTGCTGGCCTGAACCACGCTATTCTTGCTGTTG

i e i r il
1 GAGTGTACGATGAGCCCGAGTGTAGCAGTGAAGATCTGGACCACGGTGTACTCGTTGTCG

61 GTTACGGAACCGAGAATGGTAAAGACTACTGGATCATTAAGAACTCCTGGGGAGCCAGTT

11111 O O S RN N NN |
61 GCTATGGTGTTAAGGGTGGGAAGAAGTACTGGCTCGTCAAGAACAGCTGGGCTGAATCCT

121 GGGGTGAACAAGGTTATTTCAGGCTTGCTCGTGGTAAAAAC

I e i i I L1 i
121 GGGGAGACCAAGGCTACATCCTTATGTCCCGTGACAACAAC

Reason:

no contiguous exact match of 7 bp.

S9SINO2IUIN | 9DN
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An Alignment BLAST Can Make

190N

Score = 290 bits (741), Expect =
147/331 (44%), Posit

7e-77
i

Identities = ves = 206/331 (61%), Gaps =
Frame = +3

Query: & MEVAIFFSLLVVAISASISEELGARF QAFKLEHGETYLNQAEESKERFNIF TDNVREAIE AR
+++++ +++ VW ++A5 E L +++AFK H E+Y¥ + EE RF IFTHN I H
Shict: 2 LRLSVLCAIVAVTVAASSQEILRTOWE AFKTTHEES YQSHMEELLRFEIF TENSLITAER
Query: 186 MALYEQGEVIYEEGINEFTDMZOEEFETHMLTLSASREPTLETTSYVETGVE-—-IPSSVD
MA ¥ +G VITK +T i +F VD
Shict: 62 MNAEYAEGLVITEL GSTFLPPANVIIDSSLPEVVD
Query: 357 WREEGRVTGWEDQ SLEEQOLIDCCTD-TIAGCD
WRE+G ¥WT VEDQ SLSEQ L+DC + GC+
Shict: 122 WREEGAVTPVEDQ SLEEQNLVDCSQSFGNNGCE
Query: 534 GGELDDNFEYV-M TEVSEYTSIPALAEDEDALLEL
GG ++D FEY+ + ¥ I L E L +&
Shict: 182 GGLMEDAFEYIE ATDTGYVEIKLGSEVDLEEL
Query: 711 VATVGPVIVGHDASD) LAVGYSTENGEDYWIIFINIW
VATVGFP+3V +DAS L ¥GYG + GE YW++ENIW
Shict: 242 VATVGPISVAIDAS LVWGYGVEGGEEYULVENSW

Query: 885 GASWGEQGYFRLAR-GENQCGIZEDTVYPTI 974

SWG+IGY ++R NOCGI+ TP +
Shict: 302 AESWGDOQGYILMSRDNMMQCGIASQASYPLY 332

8/331 (2%)

Anopheles gambiae mitochondrion, complete genome.

BLASTN vs TBLASTX

ACCESSION NC_002084 GI1:5834911

Homo sapiens mitochondrion, complete genome.

ACCESSION NC_001807 GI:17981852

blastn

Homo sapiens

%

i

Anopheles gambiae

Homo sapiens

tblastx

S9SINO2IUIN | 9DN

k

Anopheles gambiae
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Hands-On

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