BLAST Quick Start

Course Developed by Medha Bhagwat
NCBI

Basic Local Alignment
Search Tool

Compares protein and nucleic acid sequence(s)

- to those in NCBI protein and nucleotide databases
- to local databases (standalone BLAST)
- to a single protein or nucleotide sequence (BLAST 2)




Basic Local Alignment
Search Tool

* local alignments; suitable for detecting
isolated regions of similarity

» fast and sensitive

* breaks the query sequence into “words “

 word hits to database sequences extended
in both directions

Nucleotide Words

ATGCTGCTAGTCGATGACGTAGCTA

ATGCTGCTAGT
TGCTGCTAGTC
GCTGCTAGTCG

Make a lookup table based on the word size




Protein Words

AIEKCYTGCTLAQEADDTA

AlE
IEK LEK, IDK, IQK, IER, IDR, etc
EKC
KCY
CYT

Make a lookup table of neighboring words
based on the word size and matrix

Finding the Word Hits

Nucleotide: One exact match

ATGCTGCTAGTCGATGACGTAGCTA
GCTGCTAGTCG

Protein: Two neighboring matches
within 40 residues

AIEKCYTGCTLAQEADDTA
IDK EAD




BLAST Basics

« Programs
 Databases

» Setting up a search
* Interpret the results
* BLAST options

» Formatting options

» Examples
BLAST Programs
Word Size
blastn nucleotide X nucleotide 11
blastp protein X protein 3
6 frame translated nucleotide searches
blastx nucleotide X protein 3
tblastx nucleotide X nucleotide 3

tblastn protein X nucleotide 3




BLAST Programs

Word Size
BLAST 2 compares 2 sequences
Mega BLAST 28
- batch nucleotide queries
- for comparison of sequences
that differ slightly
discontiguous Mega BLAST 11 matches
- batch nucleotide queries out of 18
- for comparison of
diverged sequences

BLAST Basics

» Programs
 Databases

» Setting up a search
* Interpret the results
* BLAST options
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Some BLAST Databases

Nucleotide Databases

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

refseq_rna  RefSeq RNA sequences

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

est Expressed Sequence Tags (EST division)

gss Genome Survey Sequence

htgs Unfinished High Throughput Genomic Sequences:

phases 0, 1 and 2 (finished phase 3 sequences in nr)

HTGS

Phase 0 single-few pass reads of a single clone
Phase 1 unfinished, unordered and contain gaps
Phase 2 unfinished, ordered and contain gaps

Phase 3 high quality finished sequences no gaps




Some BLAST Databases

Nucleotide Databases

dbsts Sequence Tag Site sequences (STS division)

pdb Protein Data Bank sequences

chromosome Complete Genomes, Complete
Chromosome, or contigs

Major BLAST Databases
Protein Databases

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




BLAST Databases
Genome-specific Databases

e« Human Genome

* Mouse Genome

- Rat Genome

 Other eukaryotes

* Microbial Genomes
* Arabidopsis thaliana
* Insects

* Plants
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Setting up a BLAST Search

NCB] ﬁ:)roha-m—ploremlsl.iifxsrl1

Mucleotide

Identifier or sequence

P 032294
Search
et subsequence gy I Tn'I

Choose database [nr =

DoCD-Search [&

A LAST! [y Foserauey eeeran)

=3 NCBI

[ucleotide

Your request has been successfully submitted and put into the Blast Queue.

Query = gil6680251 (269 letters)

Putative conserved domains have heen detected, click on the image below for detailed resulis.

1 El 140 150 El Tt

— .

The request ID is |1 (169258286-31014-45440657583 BLASTG4

(Format! B'rasaran)

The results are estimated to be ready in 1 minutes (0 secends but may be done sconer.




BLAST Basics

Programs
Databases
Setting up a search

* Interpret the results
* BLAST options
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BLAST Output

results of B LAS T

BLASTF 2.2.2 [Dec-14-2001]

Reference:

altschul, Stephen F., Thomss L. Madden, Alejandro . Schaffer,

Jinghui Zheng, Zheng Zhang, Webb Miller, and David J. Lipmwan (1997),
"Gepped BLAST and PSI-BLAST: a new generation of protein datsbase search
programs”, Nucleic Acids Res. 25:3389-3402.

RID: 1013108703-15548-4263

Query= gi| 6680251 | ref|NP_032294.1| howeo box ES [Mus musculus]
1268 lecters)

Database: ill non-redundant GenBank CDS
translations+PDE+SwissProt+PIR+PRF
865,418 sequences; 272,454,131 total letters

If you have any problems or guestions with the resulcs of this search
please refer to the BLAST FAQs

Taxonomy reports
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Taxonomy Reports

+ Leage Beport

* Orgasiem Beport
» Taxonomy Report
* Help

Lineage Heport
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BLAST Output

Distribution of 514 Blast Hits on the

equence

[Mouse-overto show defline and scores, click 1o show slignments

Color key for alignment scores
<40 40-50 80-200

Query
I




BLAST Output

Foore E

Secquences producing significant aligmments: iBits) Value

gi| 6680251 |ref|NP 032294.1| homeo box BS [Mus musculus] »gil5... 361 ze-oz  [OE
gi| 62656894 |ref|¥P 573183.1] PREDICTED: similar to Homeobox p... _360 5e-98 E
gi| 73966238 |ref|¥P 548176.2] FPREDICTED: similar to Homeobox p... _358 2e-97 m
i 4504469 |ref| NP 0021356.1] howeohox BS [Homo sapiens] >gif|ll... 355 1le-96 m
gi|12848710|db3|BAB280ST.1| unnemed protein product [Mus musculu 321 ze-zs [E
gi| 76644496 | ref|¥P 584774.2| PREDICTED: similar to Homeobox p... 311 3e-83 E
gi| 70778859 | ref | NP 001020526.1] homeo hox BS [Gallus gallus] ... _305 1e-p1 A
gi| 62526079 | dbi|BADIS556.1] Hoxb-5 [Gallus gallus] _z94 ze—7z  [OE
gi| 28629648 | gh| AA043030.1) HoxBS [Latimeria menadoensis] _z7a fe=71
gi|54261740|ref|NP 571176.2| homeo box BSa [Danio rerio] >gil... 263 ze—mo [OE
i| 62526089 |dbj|BADOS561.1| Hoxb-5 [Pelodiscus sinensis] “zs8 2e-70
Gi|62537|emb| CAA4S320.1| homeodomain protein [Danio rerio] >g... 267 se—n E
gi|60392405|sp| PO9013 | HKB5B BRARE Homeobox protein Hox-BSb (H... 265 2e-69
gi|53749656|ref|NP 571612.2| homeo box BSh [Danio rerio] »gi|... _265 2e-co  [E
i 4322074 | gh| AAD15946.1] homeobox protein [Danio rerio] _262 1e-6G E
i 74267553 )| BAE44275.1] hoxBSh [Oryzias lavipes] »>gi|8301... 255 le-66

i) 34454445 | gh| AA0725845.1] HoxbsSh [Sphoeroides nephelus] _251 Je-65

gi| 94482807 | gh| ABF22424.1| homechaox protein HoxBSh [Takifugu rub 250 4e-65

gi| 62125375 | gh| AAX63757.1) HoxBShi [Oncorhynchus mykiss] _232 2e-59

gi| 94482797 | gh| ABF22415.1| homechaox protein HoxBSa [Takifugu rub 224 3e-57
gi|47216998 | enb | CAGOL1G27.1] unnawed protein product [Tetraodon n 223 fe-57

gi| 60382395 sp| Q6EIN0 | HXAS CHICK Homeohox protein Hox-AS5 >gif... _221 Je-56

i| 15020697 |gh| AAH11063.1] Homeo box A5 [Mus musculus] 214 se-sa  [E
gi|326879825|ob| AAPBE745.1| homeo box A5 [synthetic comstruct]... 212 1e-53

gi]| 109472056 ref|XF 0010645584.1] PREDICTED: similar to Homeob... 212 2e-53 E
1| 387668 | gh| ALASGERS. 1] HOX 1.3 _z11 2e-53 ©
i 24487517 |ref |HP 061875.2] homechaox AS [Howo sapiens] »>gi|5... _211 2e-53 m
gi| 94482760 | gh| ABF22360.1] homeohox protein HoxdSa [Takifugu rub 211 3e-53 _

BLAST Statistics

Bit Score

- derived from raw alignment score

- statistical properties of the scoring
system taken into account

- can be used to compare different
searches

Expect value E

- number of alignments expected to
occur by chance
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BLAST Output

>Dgi|6650251|ref|NP 03z2294.1] m homeo hox BS [Mus muscoulus]

oi|522335 | oh| AAASTEE2 . 1] homeohox protein
Length=2 63

Score = 361 bits (926), Expect = 2e-98, Method: Comnosition-hased atatr

Identities = 269/269 (100%), Positives = 269/2¢ I_O co I t re On

Query 1 HSSTFVNSFSGRYPNGHD vl lnyosss L sus iR p y g
HSSYFVNSFSGRYPNGHD YOLLNYGSGSSLSGS RDPAL TSVIRSS

sbict 1 HSSYFVNSFSGRYPNGHD TOLLNYGS GSSLSGS TR GYNYNGUDLSVNRSS 60

Query 61 ASESHFGAVGESSRAFPASAKEPRFHQAL SScs S5pes I e LNGDSHGAKPSASSPEDQ 120
ASSSHFGAVGESSRAFPASAKEPRFHOATSSCSLSSPESLAC THGDSHGAKPSASSPSDQ
Sbjct 61 ASSSHFGAVGESSRAFPASAKEPRFHOATSSCSLSSPESLACTNGDSHGAKPSASSPSDQ 120

Query 121 ATPASSSANFTEINcasassepecaasglsspslaragPEPMATSTAAPEGQTPQIFPWN 180
ATPASSSANFTEINEASASSEPEEAASQLSSPSLARAQHEPMATSTAAPEGQTP QIFPWIT
Sbjet 121 ATPASSSANFTEINEASASSEPEEAASQLSSPSLARAQPEPMATSTAAPEGQTPQIFPWM 180

Query 1581 RELHISHDHMTGPDGKRARTAVTRYQTLELEKEFHFNRYLTRERRIETAHALCLSERQIKI 240
RELHISHDMTGPDGEKRARTAYTRYQTLELEKEFHFNRYLTRRRRIETAHALCLSERQIKT
Sbjet 181 RELHISHDMTGPDGERARTAVTRYQTLELEKEFHFNRYLTRRRRIETAHALCLSERQIKI 240

Query 241 WFQNREMEWEKDNELESMSLATAGSAFQP Z69
WFQNREMEWEKDNELESMSL ATAGS AF QP
Sbjet 241 WFQNRRMEWEEDMNELESMSLATAGSAFQP 269

BLAST Basics

» Programs
 Databases

» Setting up a search
* Interpret the results
* BLAST options

» Formatting options

Examples




Options

e

Options for advanced blasting

% | |AND leII organisms [

Comupositional
ni

adustments |Cnmpnslt|nn-hased statistics j

Choose filter [ Low cotmplexity ™ Mlask for lookup table only ™ Masklower case

Expect |10
Word Size (3 +

Il atrix |ELOSUM62j Gap Costs | Existence: 11 Extension: 1j

PEEM

Other advanced |

PHI pattern |
\,

Other Advanced Options

-e expect value
-W word size
-v descriptions
-b alignments

For short query: increase e and lower W

Protein word size 2 or 3
Nucleotide word size minimum 7 and no maximum limit




\

BLAST Options

—_—

Options for advanced blasting

Limit by entrez
er:‘aez | [AND =1 Al organisms

Compositional =
adiastments |Nn adjustrnent J

Choose filter W Low complexity [T Mask for lnokup table only [ Mask lower case
Expect (10
Werd Size [3 7]

Il atrix EH_OSUMEEj Gapcgstlexwatence 11 Extension: 1j
PAM30
PAMTO -
BLOSUNAD =
BLOSUNME2

BLOSUN4E

Other advanced |

FHI pattem |

Matrices

Nucleotide search
- identity matrix

OO-H>
wooooH>

TCG
-3-3-3
1-3-3
-3 1-3
-3-31
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Matrices

Protein search
- substitution matrix

Percent Accepted Mutation (PAM)
Blocks Substitution Matrix (BLOSUM)

PAM Matrices

based on global alignments of closely related proteins

PAML1 is calculated from comparisons of sequences with no
more than 1% divergence

Other PAM matrices are extrapolated from PAM1
Examples: PAM30 and PAM70

16



BLOSUM Matrices

based on local alignments

based on observed alignments; not extrapolated from
comparisons of closely related proteins

BLOSUM 62 calculated from comparisons of sequences
with no more than 62% identity

Examples: BOLSUM45, BLOSUM®62 and BLOSUMS80

BLOSUMG62 is among the best of the available matrices for
detecting weak protein similarities

BLOSUMG2 is the default matrix in BLAST

Blosum 62

A 4
R -1 5
N-2 0 6
2 (2) 2 ; 2 . frequently observed substitution
Q-1 1 0 0-3 5

(:::}l 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
l1-1-3-3-3-1-3-3-4-3 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-1-2-2-1-3-1-1-2-2-3-3-1-2-417
s 1-11 0-1 00 0-1-2-2 0-1-2-1 4
T 0-12 0-1-1-1-1-2-2-1-1-1-1-2-1 1 5

Iw-3-3-4-4-2-2-3-2-2-3-2-3-11-4-3-2A1

A
Y-2-2-2-3-2-1-2-3 2-1-1-2-1 3-3-2-2
v 0-3-3-3-1-2-2-3-3 3 1-2 1-1-2-2 0-
x0-1-1-1-2-1-1-1-1-1-1-1-1-1-2 0 0-
A R N D C(:Ej)E G H1 L KMFP ST

17



Substitution Matrices

A Provisional Table

Query Length Substitution Matrix
<35 PAM30

35-50 PAM70

50-85 BLOSUMBS80

>85 BLOSUMG62

BLAST Basics

» Programs
 Databases

» Setting up a search
* Interpret the results
* BLAST options

» Formatting options
» Examples
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Format

Show

Humber of!

Alignment view

Format for PEI-
BLAST

Limit results by
entrez gquery

Expect value
rangze

Formatting Options

[ Graphical Overview ¥ Linkowt M Secuence Retrieval M NCEL gl Alignment =] in [HTML = |format

I CDS feature

Mﬂslﬂngchamctegll—ﬂwer Case = MaslmgculuglGrey hd
DascﬁgﬁnnslSDD ~| alignments| 250 ¥

Pairwise j

Pairwize

Pairwize with identities
guery-anchored with identities
guery-anchored without identities
fla ith ident
flat query-anchared without identities
Hit Tahle

rganisms j

Flat Query-anchored with Identities

IMouery 1
4504463 1
M12648710 1
M28629645 1
26984637 1
Mzz2316136 1
186858837 1
Mzd4119211 1
34484445 1
M4721695838 1
Mi5029697 1
328798259 1
F34855875 1
M14916595 1
Mz24497517 1
123225 1
14916601 1
I a754232 1
45457548 1
C 123297 1
M47229432 1
M14916584 1
Mz24119205 1
M1708345 1

.

=

=

MESYFVNEF SGRY PNGP DM N N K -~ RD P~ -~ ARMH- - TGEYG-YNYNGMD 53

.................................. == 553
14

14

54

55

54

53

THGAV. . . F . 53
AS. GALNGGTY. . 59
..DH.. 53
..DH.. 55
.DH.. 164
.DH.. 55
.DH.. 553
..DH.. 53
. .DH. 53
.DH.. 553
.DH.. 55
az

14

..... L.......Q0..H Q8. .NAA, VGEHF--.ES8--TMLE--.-R 52
14

32
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HitTable

# BLASTP 2.2.2 [Dec-14-2001]
# Database: nr
# Query: gi|6680251|ref|NP_032294.1] homeo box BS [Mus musculus)

# Fields: Query id, Subject id, % identity, aligmment length, wismatches, gap openings, .

i 6680251 ref [HP_032294.1| gi| 6680251 | ref |NP_032294. 1] 100.00 269
i 6680251 ref |HP_032294.1| i| 4504469 | ref|NP_00Z138.1] 98.51 269
i 6680251 ref |HP_032294.1| i| 12848710 dbj | BABZ80S9. 1| 99.57 230
i 6680251 ref |HP_032294.1| i|123245|5p| POS014| HXBS_ERARE 70.50 278
i 6680251 ref |HP_032294.1| gi]4322074 | gh| LAD15946.1] 65.00 280
i 6680251 ref |HP_032294.1| i|15029697| gh| AAH11063.1| ARH11063 56.25
i 6680251 ref |HP_032294.1| | 9506791 | ref |NP_061975.1] 54.70 287
i 6680251 ref |HP_032294.1| gi|14751311| ref|XP_040801.1]  52.90 286
i 6680251 ref |HP_032294.1| i| 14916595 op| Q91423 | HEAS HETFR 51.38
i 6680251 ref |HP_032294.1| i| 14916601 | 9p| Q9PUDS | HEAS MORSA 53.07
i 6680251 ref |HP_032294.1| gi| 6754232 | ref|NP_034583.1] 55.40 287
i 6680251 ref |HP_032294.1| i|123297|5p| POS019| HXBS_XENLAL 58.87 231
i 6680251 ref |HP_032294.1| i| 14916564| op| Q9TAL1| HEDS_HETFR 45.93
i 6680251 ref |HP_032294.1| i| 1708344 |sp| PSO208| HEAS ANBME 89.00 100
i 6680251 ref |HP_032294.1| | 4322062 | gh| AAD15940.1] 51.08 231
i 6680251 ref |HP_032294.1| ] 5441871 db]|BAAS23T1.1] 95.35 86

i 6680251 ref |HP_032294.1| gi|57743|pir| [424777  100.00 82 0

i 6680251 ref |HP_032294.1|
i 6680251 ref |HP_032294.1|

gi|123246|5p| P14836| HXBS_CHICK 95.78 82
gi| 1708345 |5p| PS2949 | HEAS RAT  50.00 236

i 6680251 ref |HP_032294.1| i| 62528 enb| CAk30293. 1| 100.00 81
i 6680251 ref |HP_032294.1| gi|89868|pir| [JTO2T3  97.56 B2 z
i 6680251 ref |HP_032294.1| gi|90629|pir| |B24777  100.00 82 0
i 6680251 ref |HP_032294.1| i| 6252867 | db] | BAAB6Z45.1] 97.47 79
i 6680251 ref |HP_032294.1| | 4322038 gb| LAD15929.1] 77.78 99
i 6680251 ref |HP_032294.1| gi| 1334621 | en| CAA30294.1] 100.00 76

a
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Limiting Options

—_—

Format

Show [ ciraphical Overview ¥ Linkowt M Seguence Retrieval ¥ NCEL gl Alignment =] in [HTML = |format

I DS feature

Mﬂslﬂngchamctegl Lawer Case = Maslmgculuglerey hd

Nuriber of Descﬁgﬁnnslsou ~| alignments| 250

Alignment view | Pairwise

E it for PEL
— EULXAS'l' I with inchusion thresheld:f0.005

Limit results by I

entroz ae IAND leH arganisms

|
Wiruses [ORGN]
Archaea [ORGN]

Expect value I I
range

\ Bacteria [ORGN]

Eukaryota [ORGN]
iridiplantae [DRGN]

Eumai [ODK
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Retrieve Results for an RID

BLAST Basics

» Programs
 Databases

» Setting up a search
* Interpret the results
* BLAST options

» Formatting options
» Examples
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Examples

Protein searches more sensitive than
nucleotide searches

- redundancy of the genetic code allows the same
information to be encoded differently
blastn best to search for the same

sequence from the same organism

blastn and blastp

YadC, a quickly evolving gene from K12 and O157
Compare nucleotide and protein sequences using BLAST 2

BLAST 2 SEQUENCES RESULTS VERSION BLASTF 2.2.2 [Dec-14-2001]

Matrix | BLOSUMEZ = gap opean gap extension: h—

x_dropoff: lﬁ expect]10.000 wordsize: |3— Filter [~ _Align blastp

Sequence 1 lcljseq 1 Length 365 (1 .. 363)
Sequence 2 Icljseq 2 Length 412 (1 .. 412)

2
&
< g &
<-3 NCBI Blast 2 1

PubMed

BLAST 2 SEQUENCES RESUI IOTEThe statistics (bitscore and expect value) is calculated based on the size of nr database

oCcore m 40,5 hite f1 4 Kxpece W o maild

Match|! Mismatch|2 gap opd Idenvivies = 74/321 (23%), Positives = 131/321 (40%), Gaps = 56/321 (17
PN - T s f o+ FoL = 3
= dropoff |50 exzpect|10000 wor|

Sequence 1 lclseq 1 Length 1110
Sequence 2 Iclseq 2 Length 123%
No significant similarity was found
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blastn and tblastx
Compare using BLAST 2

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

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

blastn tblastx
N &
2 5 Y
% . § Jﬁ 4
ol e 2L
o T %
T n N

Anopheles gambiae Anopheles gambiae

BLAST Basics

» Programs
 Databases

» Setting up a search
* Interpret the results
* BLAST options

» Formatting options
» Examples
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Hands-On

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

BLAST Statistics

Bit Score S’
AS —In K
In 2

Expect value E
mn2
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BLOSUM 80
PAM 1

Less divergent

BLOSUM 62
PAM 120

-

=

BLOSUM 45
PAM 250

More divergent
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