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NCBI Search Services and Tools
v
* Enftrez integrated literature and molecular databases %
— Viewers @
« BLink protein similarities S
« Graphical Sequence Viewer annotation viewer and analysis tool §

BLAST sequence similarity search service

VAST structure similarity searches
Tools, special services, standalone software
— Entrez Utilities Entrez AP |<ncbi>/books/NBK25501/ ‘

— Standalone BLAST &LAsT programs + databases I <ncbi>/books/NBK1762/

— Cn3D 3D structure viewer | <ncbi>/Structure/CN3D/cn3d.shtml ‘
— Genome Workbench sequence analysis / |<ncbi>gtoo|sggbench[

annotation platform

— SRA Utilities

SRA Run Browser web access
* SRA toolkit standalone SRA manipulator and client

06/06/2016
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Topics
Basics of using NCBI BLAST

— Motivation, Statistics, Scoring, Search Programs
Using the Web Interface

Other Web services

— COBALT — protein multiple alignment
— Primer BLAST

— MOLE-BLAST

Live Searches

06/06/2016

S9DIAIBS dlqnd

What is BLAST?

* Widely used sequence similarity search tool

» Finds high scoring local alignments between
two sequences (protein or DNA)

* Includes a model of score distributions for
random local alignments

» Provides statistical significance for alignments

06/06/2016
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BLAST Fundamentals

* BLAST tells you about non-chance similarities
between biological sequences.

* If similarities are not due chance then they
must be due to something else!
— Homology
— Simple identification

 All BLAST searches begin with a sequence

— protein or nucleotide
— experimentally determined or one from database

06/06/2016

S9DIAIBS dlqnd

What BLAST tells you

Here’s my sequence.

1. What is it related to? (What does it do?)
— Homology
— Function

2. lIsit already in the database? (Identification)
— find the matching sequence in the database
— organism of origin

3. Whereis it located or how is it organized?
— inagenome
— other annotation problems

* comparing sequences
* looking for frame shifts

06/06/2016
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BLAST Statistics

v
c
=
Score = 18.5 bits (36), (Expect = 47992) &
Identities = 5/5 (100%), Posttd 5 (100%), Gaps = 0/5 (0%)| &
<
Query 1 ELVIS 5 §
ELVIS * Number of chance alignments = 48 thousand!
Sbjet 8 ELVIS 12 * Indistinguishable from chance
The most important statistic: Expect value (e-value)
Expected number of random alignments with a particular score or better
Score = 89.7 bits (204), ( Expect = 7e-18
Identities = 50/103 (49%), itives = 103 (52%), Gaps = 18/103 (17%)
Query 1  MKLLAATVL---LLTICSLEGALV -
MK L VL LL +CSLEGA V | * Number of chance alighments =7 X 1018
Sbjct 1  MKVL---VLAMVLLCVCSLEGAVVM . Not due to chance
Query 54 SPELQAEAKSYFEKSKEQLTPLIKKAGTELVNFLSYFVELGTQ 96
E +AKYE EQ P K TE F +L TQ
Sbict 57 ARETKTOAKAYLEOANEOFSPTAKRLHTE—=—=—=- FMDLLTO 92
— ¢ The e-value depends directly on the size of the search space (database)
e Search the smallest database likely to contain the sequence of interest
06/06/2016
v
c
=2
. 5
Number of Chance Alignments =2 X 10-73 @
5.
Score = 288 bits (318), Expect = 2e-73 7 @
Identities = 262/325 (81%), Gaps = 8/325 (2%)

Strand=Plus/Plus

Query 1923  TCAGCCTACCATGAGAATAAGAGAAAGA-AAATGAAGATCAAAAGCTTATTCATCTGTTT
LU LEELE EEREE LR TR L b b L hen 1l
Sbjct 33774 TCAGACTACCCTGAGAATAAGAGAAAGAGAAATGAAGACCTAGA-CTTATCCATCTCTTT
Query 1982 TT| ’I‘TT’I‘TCG':‘T(lx‘:'II‘G CCMCACC?TTT?TMTAATT?TAA?TTﬁTTTA?TC?T
- - J L I § 1
Sbjct — GGl CAAATTTCTTTAAATAT
I Match=+2 . _
Query Lzosr—rrrocererrrrer M1 Smatch=— 3 BAATCTAATAGAGTGGT
) FLLLLELELE ] P oo T | 11
Sbject 33893 TTTGCCTCTTTTCTCTGTGCTACAATTAATAAAAAAATGAAAAGAATCTAATTTAATTGT
Query 2101 ACAGCAtlzﬁ;'::'m“ = — “\.TG‘ﬂ}G
I TLLLEET 111
sbjet 33953 CTATGACTGTTATTT Gap [CTCTATGA
Query 2160  AAGTTCCAGTGTTCT — ( 5 + 4 (2 ) ) = —13 [TeeGCTA
P LLLLE LT ]

|l
Sbjct 34013 AAATTCCACTATTCT TT T CTGGATTA
Query 2220 AT=== TCATTAATACT 2240

I I T
Sbjct 34073 ATTGCATAAAAGAAACATTAATACT 34097

1981
33832
2041
33892
2100
33952
2159
34012
2219
34072

06/06/2016
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Scoring: Protein

v
H c
Number of Chance Alignments = 4 X 10-%0 S
0
n
e
Score = 176 bits (447), Expect = 4e-50, Method: Compositional matrix adjust. ,5,
Identities = 98/232 (42%), Positives = 139/232 (60%), Gaps = 14/232 (6%) ]
Query 30 MAKVLTLELYKKLRDKETPSGFTVDDVIQTGV~~DNPGHPFIMTVGCVAGDEESYEVFKE 87
+ K LT +L+++ +D+ GF+ I +G N G VG AG +SY F
Sbjct 26 LOKCLTKDLWEQCKDRRDKYGFSFKQAIFSGSKWINSG= === VGVYAGSHDSYYAFAP 79
Query LFDPIISI&IGGYRPTDKHKTDLNBE KGG--~DDLDPN TLPP 144
D| DKH DD
K FMD) D BDKHI{ 0 ADED-KMI I D n37
gCS BALNSI — MTEKEQQQLIRDHFLE 204
K ‘|‘5 i E +2 AL F 3 M++ E+4QLI +2
Sbjct 138 AVTRKERKEIEHLVTSALGEFTGELKGKY™== as—=96
Query 205 SGMARDWPDARGIWHNDNKSFLVWVNEEI] Gap
+G+ RDWP+ARGI+HND K+FLVWVNEEI]L —
Sbject 197 AGLERDWPEARGIFHENDAKTFLVWVNEEI] B (11 + 4 (l) ) B 14
Scores from BLOSUMG62, a position independent matrix
— Same substitution gets the same score at all positions
— All positions equally likely to change
06/06/2016 9
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2
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]
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Nucleotide Search Programs

* blastn

— traditional BLAST algorithm

— most sensitive nucleotide search
* megablast

— larger word size than blastn

SODIAIDS J1|qNnd

— differe in g model |- Default nucleotide search program
. * Best for
* Contiguous megablast Identification
— Nearlyidentical sequences Same-species annotation

* Discontiguous megablast

— Cross-species comparisons

06/06/2016

11

Protein Search Programs

Position Independent scoring

* blastp

 translating searches
— useful for unannotated protein coding regions
— six frame translations of query, database or both
* blastx — translated query

* tblastn — translated database
* tblastx — translated query and database

SOOINIDS J1IqNnd
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Protein Domains and Position Specific Scoring

Position-specific scoring model

* Multiple alignment based

* Substitution scores depend on the position in the
protein.

* Some positions are more important (less likely to
change)

* More accurate alignments
* More sensitive at identifying distant homologies
* Better at identifying structural / functional domain

06/06/2016 13

SODIAIDS J1|qNnd

Position-specific Programs

(protein only)

* Position Specific Iterative BLAST (PSI-BLAST)
Automatically generates a position specific score matrix (PSSM) from
initial set of BLAST alignments

* Position-Hit Initiated BLAST (PHI-BLAST)
Focuses search around pattern (motif)

* Domain Enhanced Lookup Time Accelerated (DELTA) BLAST

Uses conserved domain PSSM in first round of search

* Reverse PSI-BLAST (RPS-BLAST) * Runs I\:/ith a”hb|aStp
t the NCBI
Searches a database of PSI-BLAST PSSMs searches at the
* |dentifies conserved
Conserved Domain Database Search domains in query

Quickly identifies type of protein and potential function

06/06/2016 14
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2
0
o)
=
c
- e WWW.NCbi.nIm.nih.gov &
& NCBI  Resources @ How To &) cooperps My NCBI  Sign Out a
=
SNCBI  apatabases ¢ | = &
National Center for -
Biotechnology Information <,
2
NCBI Home to NCBI Popular Resources 1
Resource List (A-Z) The National Center for Biotechnology Information advances science and health by providing PubMed
‘All Resources access to biomedical and genomic information. Bookshelf
Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News PubMed Central
PubMed Health
ncbi blast U @
Google g o |
Genome
Al Apps  Books  Videos  Images  Morev  Search tools SNP
Gene
About 45,300,000 results (0.62 seconds) Protein
PubChem
Basic Local Alignment Search Tool (BLAST) - NCBI
www.ncbi.nim.nih.gov/B... v National Center for Biotechnology Information ~ ‘NCEI A " .
Jan 20, 2016 - BLAST finds regions of similarity between biological ... nnouncements
. April 8th webinar: "The NCBI
BLASTing Primer-BLAST B Minute: Introducing MOLE-BLAST"
Title: Nuceotide collection (nt) NCB Primer-BLAST: Finding primers Mer 25, 2015
Description: The nucleotide specific to your PCR ... D n
. April 1st webinar: "A Practical Guide
Protein BLAST Tblastn to Using NCBI BLAST on the Web"
BLASTP programs search protein Translated BLAST: tblastn ... o Merma o
databases using a protein query TBLASTN search translated
dbSNP Build 143 Phase Il now
Align two or more sequences  delta-blast avallable o7 2018
Start typing in the text box, then Search database Non-redundant i R
select your taxid. Use the 'plus ... protein sequences (nr) using ...
U More results from nih.gov » —
06/06/2016 15
BLAST Assembled Genomes {
Find Genomic BLAST pages:
pag: 2
BLAST Assembled Genomes Ol I |e a e (o}
®
=]
Find Genomic BLAST pages: g
. . =2
E rid- wi s blast.ncbi.nlm.nih.gov H
['d
— []
Basic BLAST P
o Human o
Choose a BLAST program to run. [}
o Mouse prog @
o Rat Search . i
blast | Searcha using a query
o Cow it blastn, discontiguous
o Pig !
rotein blast | Search protein database using a protein query
o Dog g blastn_psi-hlast phi-blast delta-blast
Specialized BLAST
— blastx ‘ Search prof|
I ‘ Choose a type of specialized search (or database name in parentheses.)
-, tblastn ‘ Search tran
Specialized BLAST] Make specific primers with Primer-BLAST
Choose a type of speciall tblastx | Search tran Cluster multiple sequences together with their database neighbors using MOLE-BLAST
Find conserved domains in your sequence (cds)

o Make specific primers with Primer-BLAST
o Cluster multiple sequences together with their database neigl
o Find conserved domains in your sequence (cds)
o Find sequences with similar conserved domain architectug
o Search sequences that have gene expression profiles (GH|
o Search i and T cell receptor

o Screen sequence for vector contamination (vecscreen)
o Align two (or more) sequences using BLAST (bi2seq)
o
o
a
o
o
o
o

Search protein or nucleotide targets in PubChem BioAssa)
Search SRA by experiment

Constraint Based Protein Multiple Alignment Tool
Needleman-Wunsch Global Sequence Alignment Tool
Search RefSeqGene

Search trace archives

Search bacterial and fungal rRNA sequences with Targeted;

Search i

Find sequences with similar conserved domain archi
Search sequences that have gene expression profiles (GEO)

cture (cdart)

(IgBLAST)

and T cell receptor

Screen for vector

Search SRA by experiment
Constraint Based Protein Multiple Alignment Tool

(
Align two (or more) sequences using BLAST (bl2seq)
Search protein or nucleotide targets in PubChem BioAssay

)

Wunsch Global Tool

Search RefSeqGene
Search trace archives

000000000000 000

Search bacterial and fungal rRNA sequences with Targeted Loci BLAST

06/06/2016
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'he New BLAST Homepage a
o)
=
BLAST ® Home  RecentResults  Saved Strategies  Help g
=
. - 5
Basic Local Alignment Search Tool [7)
New BLAST home page preview. o
BLAST finds regions of similarity between biological ‘The new design provides improved navigation, a cleaner look, 2
The protein and easier access to specialized BLAST services. a
sequences to sequence databases and calculates the Thu, 12 May 2016 08:00:00 EST More BLAST news []
statistical significance. Leam more ®
Standalone and API BLAST
web B Download BLAST B Use BLAST API Use BLAST in the cloud
L] Get BLAST databases and executables C: T e =
Specialized searches
Find proteins highly Design primers Compare two Find conserved
similar to your query specific to your PCR sequences across their domains in your
plate entire span sequence
BLAST Genomes
Enter organism common name, scientific name, or m»fl— — — —
Human Mouse Rat Micre
Find matches to gene Search rch
expression profiles i ins and ector similar conserved
T cellreceptor domain architecture
sequences
Search markers for Align sequences using Search protein or Establish taxonomy for
phylogenetic analysis domain and protein nucleotide targets in uncultured or
constraints PubCl i i
sequences
06/06/2016 17
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c
o
6
7]
3
=
]
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Queries

Enter accession number(s), gi(s), o FASTA sequence(s) O Glear E
>seql
CGAGTTTGATCCTGGCTCAGAATCAACGCTGGCGGCGTGCCTCAGCCATGCAAGTCGAA =2
CGATTAAATCTCTCTTCTGCTACTTCTTATTTTCCCCCACTTTTITTTACCCCTTTTTITTT 0 N =
CTACCCTCTATTGGTGATTCACCTCCGCACACTTCCTETCTTACCCCTTATCCcACcTeeT | || Enter accession number(s), gi(s), or FASTA sequence(s)| ©
CCCTATGGTCCCCCTTTTTCCTCATTTATCCCTTGTTCAGTTGCTCGCGCCCGTTTAGCTA n
TTTGGTCGGTTAATCGCCTACCAACGCCTCGCTCTGTAACCCGTCTTAGACGCCGCTC NP 000032.1 2
>seq2 -
CGAGTTTGATCCTGGCTCAGAGCGAACGCTGGCGGCATGCCTAACACATGCcAcTcaAc ||| NP_033826.2 s,
CGCCCCTATCCTTCCGCCTTCTTCTTTCGTTTTTGTAACACTITITCCCTTICCCTTCCTTT ||/ NP~ 776416.1 o
CTTCACAACCCTGGTCACCTTTCGCTCCTACCCTCTACCTCCGTCCGCTCTTCTTTTIATC — . o
TCTTCTGCTTCTCCCCCCTTCTCTITTATCTCTTTIGITIGETCTTCGECCCCCCTTCCTTC ||| NP 001018401.1 o
CTTCTGTCTCTGGTCTCCCCGCTTGCTCCGCCTCCCTCGTCCCTACCCCCCCCCCCCC - .
>seq3 NP_001076112.1
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTCACACATGCAAGTCGAAC
GGCCCCACGTCCCTCTATCCCTCTTCTCTCGTGTCCCCCTCGTTCCTCTCTTTCATCCCTTA
e Il Choose File |No e chosen )
Job Title 6 sequences (seqt)
apolipoprotein E isoform b vquences
1 317aa protein
Accession: NP_000032.1 Gl: 4557 X
GenPept FASTA Graphics RelgAlign sequences with COBALT
. Identify Conserved Domains with CD-Search
otein E precursor [Mu:
2 311aa protein
Accession: NP_033826.2 Gl: 163644329 . .
GenPept FASTA Graphics Related Sequences Identical Proteins ° FASTA formatl Slngle or mu“-l ple
) ) * Accessions, single or multiple
apolipoprotein E precursor [Bos taurus
3. 316 aa protein — Directly from the sequence dbs
Accession: NP_776416.1 Gl: 27806739
GenPept FASTA Graphics Related Sequences Identical Proteins
apolipoprotein E precursor [Danio reriol
4. 269 aa protein
Accession: NP_001018401.1 GI: 66472620
GenPept FASTA Graphics Related Sequences Identical Proteins
06/06/2016 19
n o
» NCBI/ BLAST/ blastp suite Standard Protein BLAST » NCBI/ BLAST/ blastp suite Align Sequences Protein BLAST g_
blastn | blastp | blastx | tblastn | tblastx | tastn [ blastp | blastx | tblastn | thlastx | g
BLASTP programs search protein databases ut e
programs search protein subjects using a protein query. | (7))
Enter Query Sequence )
Enter Query Sequence =
Enter accession number(s), gi(s), or FASTA o <
>NP_000468 Enter i gi(s), or FASTA o) Clear a
MKWVTFISLLFLFSSAYSRGVFRRDAHKSEVAHRFKDLGEENFKALVLIAFAQYL{  |>NP_000468 o
VNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAKQE MKWV TFISLLFLFSSAYSRGVFRRDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQCPFEDHVKL o
KDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAPELLFFAK] | /NEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAKQEPERNECFLQH
AADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRF| | K DDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQ
Or, upload file Choose File | No file chosen o AADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVSKL
Job Title 000468 | O, upload file Choose File | No file chosen @
Enter a descript for your BLAST search & Job Title
Align two or more sequences &/ e title for your BLAST search @
Choose Search Set q # Align two or more sequences &,
Database Non-redundant protein sequences (nn) or:
Enter i gi(s), or FASTA ) Clear
QLSEDKLLACGEGAADIIIGHLCIRHEMTPVNPGVGQCCTSSYANRRPCFSSLVVDETYVPPAFSD
DKFIFHKDLCQAQGVALQTMKQEFLINLVKQKPQITEEQLEAVIADFSGLLEKCCQGQEQEVCFA
EEGQKLISKTRAALGV
>NP_000574
MKLLKLTGFIFFLFFLTESLTLPTQPRDIENFNSTQKFIEDNIEYITIIAFAQYVQEATFEEMEKLVKD
: osen @
* Any search page convertible to BLAST 2 (or more) Seqs
* Can search small custom database
. T tein BLAST)
iy 4
* Also available under “Specialized BLAST o
* Many who use this really want a global alignment
t BLAST ) Search protein using Blastp (protein-protein BLAST)
Show results in a new window
06/06/2016 20
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Global Alignment Tool

Specialized BLAST 2
=
Choose a type of specialized search (or database name in ) — — =
NW Score Identities ositives Gaps 0
o o 267 c 127/613(21%) > ( 228/613(37%) ) 143/613(23%) )
o Make specific primers with Primer-BLAST )
o Cluster multiple sequences together with their database neighbofRuery 1 MKWVTFISLLFL: DLGEENFRALVLIAFAQYLQQCPF 60 (.3
. L MKV + L F A RG RD K++V F LG+E+F +L L+ +++ -
o Find conserved domains in your sequence (cds) sbjct 1 MKRVLVLLL GKEDF" LVL PSGTF 57 |0O)
o Find with similar conserved domain « o e oA 120 ]
o Search sequences that have gene expression profiles (GEO) [****Y B ay D L D A
o Searchi ins and T cell receptor (IgBjsbjct 58  EQVSQLVKE! DC EGL 117
o Screen for vector Ination ( Query 121 ERNECFL TAFHDNEETFLKKYLYEIARRHPYFYAPELLF 180
o Align two (or more) sequences using BLAST (bl2seq) . ER C K P VP D+CAF + + + ++E + 4+ L+
o Search protein or nucleotide targets in PubChem BioAssay ~ [SPict 118 ERKLCMAALKHQPQEFPTYVEPTNDEIC SLLVS 177
o Search SRA by experiment iQuery 181 FAKRYKAAFTECCQAADKAACLLPK! QRLKCASLQKFGERAFKAWAV 240
o o MTHole AT +KY+ CC+A  CL+ +L+ 4+ RE CH  HGE+ + 4
. ISbjct 178 YTKSYLSMVGSCCTSASPTVCFLKERLQLKHLSLLTTLSNRV-CSQYAAYGEKKSRLSNL 236
< Wunsch Global Tool D
o Searem Query 241 ARLSQRFPKAEFAEVSKLVTDLTKVHTECCHGDLLEC-ADDRADLAKYICENQDSISSKL 299
] +L4Q+ P A+ 3 ++ +C A + + + 45K
° Searchw ISbjct 237 IKLAQKVPTADLEDVLPLAEDITNILSKCCESASEDCMAKELPEHTVKLCDNLSTKNSKF 296
4 Needleman-Wunsch R e
N 297 EDCCQEKTAMDVFVCTYFMPAAQLP-ELPDV--ELPTNKDVCD---PGNTKVMDKYTFEL 350
° InCIUdes a” rESIdueS Of bOth Seqs 359 LRL EKCCAAADPHEC! DEFKPLVEEPQNLIKQONCEL 418
i . T4+ L+CC D C PLt++
o Will a||gn unrelated sequences E 351 SRRTHLPEVFLSKVLEPTLKS-LGECCDVEDSTTC----FNAKGPLLKK 394
: TKKVPQUSTPT C 8
* Provides global stats 19 FEQLeRMKE 5 R G4 G e
. E 395 -ELSSFIDK-GQELC 408
<> Percent Identlty 479 VVLNQLCVLEEKTPVSDRVT! 'YVPKEFNAETFTFHADIC 538
e +4++  TFT
<> Percent positives L a00 eENTED a1
OUeETy 539 TLSEKERQI FAEEG 596
+ KK+ LE +K K P AT +L +++ +F
]Sbjct 417 ——meeee EYKKK--LAERLKAKLPDATPTELAKLVNKHSDFASNCCSINSPPLYCDSEID 467
| NP_000468 (ALB) vs. NP_000574 (GC)
06/06/2016 21
Restricti Web BLAST
g
@ There was a problem with the search. Please, contact Help Desk and include RID 85ZEZVEWO01R g
a6
.\, Infort 1 M ge: [bl v4.REAL]: Error: CPU usage limit was exceeded, resulting in SIGXCPU (24). 17
]
s
. . . . . 2
* No fixed limit on size / number of queries 3
* Web BLAST limited b ing tim
e imite Y processing e (one
* Size and number of queries
* Size of database
* Depends on size and complexity of results too
06/06/2016 22
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Protein Databases
Services | £
v Non-redundant protein sequences (nr) blast =3
Choose Searcl™ Reference proteins (refseq_protein) astp e
Database UniProtKB/Swiss-Prot(swissprot) blastx ©
o . Patented protein sequences(pat) g
o;g:::m Protein Data Bank proteins(pdb) Exclude + ]
Metagenomic proteins(env_nr) 2 will be shown. ©)
Transcriptome Shotgun Assembly proteins (tsa_nr) o
Exclude Models (XM/XP) T Uncultured/environmental sample sequences
Optional
Ent—= v =3
ot o Default database (nr)

— Most comprehensive

— Useful subsets: RefSeq, Swiss-Prot, PDB
* What’s not in nr?

— US, European and Asian Patents

— Proteins from metagenomes

— Proteins from Next-Gen assemblies

06/06/2016 24
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Nucleotide Databases

)
Choose Search Set &
Genomic plus Transcript . )
Database Human genomic plus transcript (Human G+T) Others (nr etc')' g’
Mouse genomic plus transcript (Mouse G+T) g
OTaaniem Other Databases 2
o tg ) v Nucleotide collection (nr/nt) fe T+ @
phors Reference RNA sequences (refseq_rna)
Reference genomic sequences (refseq_genomic) pe shown &
Exclude RefSeq Representative genomes (refseq_representative_genomes) =
Obti I NCBI Genomes (chromosome)
ptiona
L Expressed sequence tags (est)
(I;'T't t? Genomic survey sequences (gss)
ptiona High throughput genomic sequences (HTGS)
Entrez Query Patent sequences(pat) e custom database
Optional Protein Data Bank (pdb)
Human ALU repeat elements (alu_repeats)
Sequence tagged sites (dbsts)
Whole-genome shotgun contigs (wgs) .
Transcriptome Shotgun Assembly (TSA) m
168 ribosomal RNA sequences (Bacteria and Archaea) megablast
Sequence Read Archive (SRA) blastn
tblastn
tblastx
06/06/2016 25
. . b
» Default database (nr/nt) is not comprehensive &
A
— Contains traditional GenBank and RefSeq RNA 3
s
— Useful subsets: RefSeq RNA, 16S rRNA reference 8

sequences
* What is not in nr/nt? The majority of nucleotide data
— Bulk sequences (EST, GSS, HTGS, STS)

— RefSeq Genomic Sequences (Chromosome, RefSeq
Genomic, RefSeq Representative Genomes)

— US, European and Asian Patents (pat)
— Whole Genome Shotgun Contigs (WGS) (Second Largest)
— Transcriptome Shotgun Assemblies (TSA)

— Next-Gen RNA-Seq, DNA-Seq Reads (SRA) (Largest set of
data)

06/06/2016 26
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Limiting Databases

v
’ Search the smallest database likely to contain the sequence of interest. ‘ &
=
&
Choose Search Set s
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, a
Database Non-redundant protein sequences (nr) oy © 2
Organism —
oﬁm, bacteria (taxid:2) U Exclude -+
Organism limit Enterobacteriales (taxid:91347) ™ Exclude
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown.
Exclude [J Models (XM/XP) & Uncultured/environmental sample sequences
Optional
Entrez Query
Optional
Exclude predicted and uncultured Limit with Entrez query
06/06/2016 27
g
BLAST Assembled Genomes g
Find Genomic BLAST pages: o Human © Rabbit o Zebrafish 3’
i o Mouse o Chimp o Clawed frog 2
chim o Rat o Guinea pig o Arabidopsis| s
pygmy chimpanzee (taxid:9597) I id. o Cow o Fruitfl o Rice 8
chimpanzee (taxid:9598) o Pig o Honey bee o Yeast @
plownose chimaera (taxid:7868) o Dog o Chicken o Microbes

chimney swift (taxid:8897)

Chimarra obscura (taxid:178329)

Plasmodium sp. chimpanzee clade C2 (taxid:8792...
chimney bellfiower (taxid:239419)

\ Shortcuts to popular organisms

Vibrio ma -
Chimonantf ®

Chimonantf

Chimarrogl

Comprehensive search for genomic data
* Finds the best set (most assembled) of genomic sequences

Chimarra socia (taxid:692083)

Chimarrogale himalayica (taxid:227887)
Mycobacterium chimaera (taxid:222805)
Plasmodium sp. chimpanzee clade C1 (taxid:8805...
Plasmodium sp. chimpanzee clade C3 (taxid:8805...
Chimarra sp. AMI 1 (taxid:888128)

Tropheus sp. 'Chimba' (taxid:1038501)
Chimonocalamus pallens (taxid:145982)

chimpanzee louse (taxid:240286)

g @ protein query
ast, phi-blast, delta-blast

ng a translated nucleotide query
e database using a protein query

e database using a translated nucleotide query

name in parentheses )

06/06/2016
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Web Program Selection

06/06/2016
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SODIAIDS J1|qNnd

Nucleotide Programs

» NCBU BLAST/ blastn suite Standard Nucleotide BLAST

7hlatnr blastp | blastx | tblastn | tblastx

BLASTN programs search nucleotide databases using a nucleotide query. more...

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear  Querysubrange &

From

To

Or, upload file (Browse... ) &

Reset page
Bookmark

S90IAIDS 2i|qnd

Program Selection More

Optimize for ® Highly similar sequences (megablast)

More dissimilar sequences (discontiguous megablast

Somewhat similar sequences (blastn)
Choose a BLAST algorithm &)

E=n

Less

Program Selection
Optimize for @ Highly similar sequences (megablast)
O More dissimilar sequences (discontiguous megablast)
O Somewhat similar sequences (blastn)
Choose a BLAST algorithm &

( BLAST Search database Human G+T using Megablast (Optimize for highly similar sequences)

() Show results in a new window

06/06/2016
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» NCBU BLAST/ blastp suite Standard Protein BLAST L]
blastn [ blastp | blastx | tblastn | thlastx &
Enter Query Sequence BLASTP programs search protein databases using a protein query. more... Resetpage  Bookmark 5
Enter accession number(s), gi(s), or FASTA Y Clear Query subrange & g’
From g
S 2
0
Or, upload file (o) @
Job Title
Program Selection
Algorithm @astp (protein-protein B@
Position Soecifi O PSI-BLAST (Position-Specific Iterated BLAST)
°S'“°Eropf:'m§ O PHI-BLAST (Pattern Hit Initiated BLAST)
E O DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &)
(i O PHI-BLAST (Pattern Hit Initiated BLAST)
O DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &
( BLAST Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
06/06/2016 31
g : =
c
=2
10 o
50 3
v 100 a
* Increase Max target sequences 2
250 | |
General Parameters 500 * Decrease Expect threshold ’
Max target 100 4 1000
sequences Select the n igggo umber of aligned sequences to display &)
. 20000 .
Short queries v Automa._ st parameters for short input sequences &
Expect threshold 10 2]
L
Set to more stringent value:
* le-6
* 0.001
Let Expect threshold govern output not Max target sequences
06/06/2016 32

16



Nucleotide

Repeat Filters

-l
c
; ; S
Filters and Masking a
7
Filter ¥ Low complexity regions & o
4 v Species-specific repeats for: | Homo sapiens (Human) v E
o
7]
Mask ¥ Mask for lookup table only € * Select the matching interspersed
Mask lower case letters & repeat filter when working with
ey .
750 1500 2250 3000 37 genomic DNA
* On by default on genome BLAST
pages
Without repeat filter
auenf I 1 | | |
1 750 1500 2250 3000 3750
——————— With repeat filter
06/06/2016 33
F tt ti
—— ]
’ Show  Alignmentas | HTML 4 Old View e Dots for idenﬁﬁes 5—
View [ Pairwise with dots for i : =
Pairwise S * Coding Sequence o
v Pairwise with dots for identities il eature o
Query-anchored with dots for identities v | Grey ¢ ;,
Query-anchored with letters for identities phical overview:| 100 % | Line length:| 60 4 | 3

Flat query-anchored with dots for identities

Ine, binomial, taxid, or group name. Only 20 top taxa will be shown.

Flat query-anchored with letters for identities T
- - Exclude
Entrez query: ]

R N R

Sbjct 975  AAGTCAGGGGCCAGTGCGCGCTACAGCCAGCGCCCAGTACCGCGGTGTGATGGGCACCAT 1034
CDS: Putative 1 1 Q0 C A R L AP S TAACTWAP
Query 7 TGCGCACGGCAGCTAGCACCCAGTACCGCGGCGTGCTGGGCACCAT 65
sbjct 975 - N - S S 1034
CDS:PREDICTED: mitoc 47 R A T A S A Q Y R G V M G T I
CDS: Putative 1 20 S * P W CAPRAPA S T T G WS P A
Query 66 cef . CCTCTACAACGGGCTGGTCGCCGGCCT 125
Sbjct 1035 .| Highlights [z 1094
CDS:PREDICTED: mitoc 67 . L Y N G L V A G L

frameshifts

CDS: Putative 1 39 c
Query 126 GC. Sequence changes CGGCCTCTACGACTCTGTCAAGCAGTT 185
sbjct SO T T N 1154
CDS:PREDICTED: mitoc 87 Nuc and Prot [} L y n s v x Q F
CDS: Putative 1 58 s TP RATLTSHTLATLGA AASTWT®PAA AP
Query 186 C’I‘ACACCAAGGGCTCTGAGCATGCTGGCATTGGGAGCCGCCTCCTGGCCGGCAGCACCAC 245
sbjct - 1214
CDS:PREDICTED: mitoc 107 Y T K G S E H A S I G S R L L A G s T T

06/06/2016
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Managing Your Results
The Request ID (RID) is the key
The BLAST Request ID (RID) is the key §

refiNP_001246.2] (499 letters)

Query ID™ T 8 L Database Name refseq_protein

Description cell di

sapiel

Molecule type aming
Query Length 499

Program BLASTP 2.2.31+ » Citation

bn cycle protein 20 homolog [Homo Description NCBI Protein Reference Sequences

(.

’ http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&RID=HKZG2PPT013

* Uniquely identifies search settings and results
* Persists at NCBI for 36 hours

¢ View through Recent Results, My NCBI

* Allows sharing results and reformatting

* Send the RID to blast-help@ncbi.nlm.nih.gov to ask about a search

06/06/2016
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Download Options

Bl AcT®

Download

Alignment
Text XML ASN.1 JSON Seg-align Hit Table(text) Hit Search Strategies

Table(csv) Multiple-file XML2  Single-file XML2 Multiple-file ASN.1
JSON Single-file JSON SAM

o
19 seq wicnumicmicnun

it id>gi 5660855161 refING_109586. 11 </Hit_id>
<Hit_def>Jatrophihabitans endopnyticus strain 59

Seq> 011650364491 refINR_121691.11  76.39 305 53 15 2 294 1 298 4e-35 147
seq5  gi1645320137IrefINR_117415.11  76.19 294 60 7 2 293 1 286 4e-35 147
seq5 11343199095 ref INR_044543.11  76.25 29958 12 1 2931 292 4e-35 147
# blastn

# Iteration: 0

# Query: seq6

# RID: HNSOX2AVO13

# Database: rRNA_typestrains/prokaryotic_165_ribosonal RNA

Sequence</Hit_def>
<Hit_accession>NR_109586</Hit_accession>
<Hit len>1484</Hit_len>
<Hit_hsps>

<Hsp>
<Hsp_num>1</Hsp_num>
<Hsp_bit-score>185. 785</Hsp_bit-score>
<Hsp_score>100</Hsp_score>
<Hsp_evalue>8. 3063e-47</Hsp_evalue>

Mg <Hsp_query-from-1</Hsp_query~From

Qy <Hsp_query-t0>293</Hsp_query-to>

<Hsp_hit-From2</Hsp_hi t-From
<Hsp_hit-t0>293</Hsp_hit-to>
<Hsp_query-frane>1</Hsp_auery-frame>

# 100 hits found
Seab  g114443030011refINR_074324.11  90.27 298 29
Seds  g113432002491ref INR_040936.11  89.97 299 28
Ses 911631250993 Iref INR_112190.11  89.93 298 26
seds  g11444303783Iref INR_074205.11  89.63 299 28

2989 306 2e-108 390
298 1 298 8e-107 385
298 1 294 1e-105 381
208 1 297 le-104 377

EPNNwN S

B lortetmeim it Seqt  giIA4303EILIrerINR O74313.11 89,30 299 30 298 10 307 ze-103 374
Hsp_positives236</Hsp_positive. Seq6 11343206154 IrefINR_044744.11  89.23 297 31 207 11 306 2e-102 370
5o gupeon
Shsp-atan-

* Downloads all data for multiple queries in a single file
escsad © XML / XML2 easiest to parse with script and / or redisplay

TCCGTCCCGCGCATCCG]

# Fields: query id, subject ids, ¥ identity, alignment length, mismatches, gap opens, q. start, q. end, s. start, s. end, evalue, bit score]

imeed «  Hit table compatible with Excel and other spreadsheet programs
wwmee 1® Search strategies can be used again on the web or in standalone

AGAGTTTGATCCTGGCT
GG

TAATACCGGATACGACTCCGATA-G-GCATCTG- CCG-GAGTGGAARGGGTTTACTG-GCTA~
GGGATGGGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAACGGC A

cGacct _hseq> l

S 21qnd

SIDIAID

Specialized BLAST Services

6/1/16
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Nucleotide Services

* PrimerBlast
— primer designer / specificity checker
— Primer3 primer design
— Uses RefSeq annotation
+ exon boundaries
+ splice variants
* SNPs

+ MOLE-BLAST

— Helps identify sources of 16S and other targeted
sequences

BLAST followed by global multiple alignment

Clusters queries plus most similar database sequences
Identifies taxonomic units (neighbors)

Labels database sequences from type material for accurate ID

S9DIAIBS dlqnd

06/06/2016

Protein Services

» COBALT — Constraint Based Alignment Tool
— Protein global multiple alignment tool
— Uses conserved domains to guide alignment
— Extension to BLAST search

 SmartBLAST — Rapid protein identification tool
— Uses fast k-mer search

— Identifies closest match in reference organism
database
— Produces multiple alignment and protein tree

— Prototype for on-the-fly protein similarity (BLink)

SOOINIDS J1IqNnd

06/06/2016
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BLAST® Home Recent Results Saved Strategies Help g
BLAST documentation 5
o
. . P
Getting Started Getting Help 5
+ Guide to BLAST home and search pages « Email blast-help e
« BLAST interface description o Mailing list
« Blast report description « Youlllll} BLAST tutorials
About BLAST Other BLAST information
« Frequently Asked Questions » Download BLAST Software and Databases
« NCBI Handbook: BLAST » Developer information
« The Statistics of Sequence Similarity Scores » BLAST Searches at a Cloud Provider
+ NAR 2004 Web server issue
* NAR 2006 Web server issue
« NAR 2008 Web server issue
« BLAST glossa . . .
« References Help desk: blast-help@ncbi.nlm.nih.gov
« Blast+ Command Line Applications User
Manual
« BLAST News directory
06/06/2016 41
)
c
=2
=
»
]
s
. [}
Help Manual: <ncbi>/books/NBK3831/ 8

Learn: <ncbi>/home/learn.shtml
Factsheets: <ftp>/pub/factsheets/
NCBI YouTube: <youtube>/ncbinlm
NCBI Helpdesks

— General: info@ncbi.nlm.nih.gov
— BLAST: blast-help@ncbi.nlm.nih.gov

06/06/2016 42
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Web Demonstrations

* Basic BLAST * SRA BLAST
— blastp, MLH1 — Melanoma gene
* COBALT extension expression
* Genome BLAST * Primer BLAST
— blastn, macaque CDC20 — BRCA1 Exon Primers
* Formatting options e SmartBLAST

06/06/2016

* Genome context .
— Finding yeast MLH1

SODIAIDS J1|qNnd
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