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O®BLAST: Basic Local Alignment Search Tool (£ A & 3 tbxf3% & T )
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» Allows rapid sequence comparison of a query sequence against a database.
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A new approach to mpid sequence comnparison, basie loeal alignment search tool {BLAST),
irectly approximates alignments that optimize a measure of local similarity, the maximal
sogment pair (MSI”) scoro, Recent mathematical results on the stochastic peoperties of MSH
scores allow an analysis of the performance of this method as well as the statistical
significance of alignments it gencrates. The basio algorithm is simple and robust; it can be
implemented in o mumber of ways and applicd is o variety of contexts including straight-
forward DNA and protein sequonce databiase searches, motil scarches, gone identification
searches, and in the analysis of multiple reglons of similarity in Jong DNA sequences. In
nddition to its Bexibility and tractability to mathematical analysis, BLAST is an order of

magnitude faster than existing sequence

ison toals of parable sensitivity,

1. Introduction

The discovery of seguence homology to a known
protein or family of proteins often provides tho finst
clues about the function of & mewly sequenced gone,
As the DNA snd amino acid sequonce databases
continue to grow in siee they become inereasingly
wseful in the analysis of mewly sequenced genes and
peoteins because of the greater chanco of fimding
such homelogiea. There are a number of softvware
tooly for searching sequence databases bat all use
soime messore of similarity between sequences to
distinguish  hiclogieally significant  relationships
from chance similarities. Pechaps the Lest stodiced
measures are those wied in conjanction with varks-
tiona of the dymamic programming algoeithm
{Neodleman & Wunsch, 1070; Sellers, 1974; Sankofl
& Kruskal, 1983; Waterman, 1984), These mothexls
astign scorcs to kuertions, delotions and replace-
ments, and compute an alignment of two soquences
that corresponds to the least costly set of such
mutations, Such an alignment may be thought of as
minimizing the evolutionary distance or saximizing
the similarity between the two sequences com pared,
In cither case, the cost of this alignment is a
meassiro of similarity; the algorithm g aiths

optimal, based on the given scores, Hocawse of their
computational requirements, dynamic progeam.
ming algorithms are impractical for searching large
databases without the wse of a supercomputer
(Gotoh & Tagashira, 1986) or other special purpose
hardware (Coulson of ol., 1087).

Rapid heuristie  algorithims  that attempt 1o
appeoximato the above methods have been dove-
loped) (Waterman, 1983), allowing large databases
10 be scarched on commeonly availablo computers.
In many heuristic methods tho measwre of simi-
larity s mot explicitly defined ax & minimal cost sot
of mutations, bat imstead b implicit in the algo
rithm itsell. For examplo, the FASTP program
(Lipman & Pearson, 1985; Pearson & Lipman, 1088)
fist finds locally similar rogloms between two
sequences based on identitics but not gages, and then
rescores these regions using o moasure of similarity
between residues, such as & PAM mateix (Dayholf of
al., 1975) which allows conservative roplacements as
woll as identitios to increment the similarity scorv,
Despite their eather lnditect approximation of

imal evolwtion s, heuristio tools sach as
FASTE have boen quite popalar and have identified
many distant bt biologheally  significant
".lll i hi
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BLASTE,ZJRIE: Seeding-and-Extending
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STEP 1 :Seeding

o EEIFIIND ST EEREAWR “seed word”

+ & 8 il F A3 2 R A —/~seed word; Query soquence: EQUING
+DNAE 3% 114 5 4 % —/seed word: 1|
FWOrdiy K B A, BAM I AT RS, FTE B T
B ] A A% K Word 2: QGE
+ K E AN A7), seed word$k = A N-w+1. Word 3: GEF
Word 4 EFG

o -Wflag: & Eseed wordiK ERISEK



STEP 2 :search Word Hits

> LNKCKTPQGAQR Query sequence
LR A el —_
. PQG 7+5+6=18 word
+ & @ /ii: BLOSUM:3PAM; PEG 7+2+6=15
. PRG 7+1+6=14

+DNA: match +54, mismatch -44. PKG 7+148=14 Neoibomonivorns
PNG 7+0+6=13
Threshold T=13 P M G 7+0+6=13
N PQA 7+5+0=12
ARVFHI AL b 2

etc.

BoBd R ENHRETHNRE, FAwords listHH{E
A neighborhood word &8,

£ AEZ & BLASTS £ word size” K/NRME FET, WEETERFIES

N#FELEX RS, REEEREUE.



STEP 3 :Scaning

o EEUEEPELFPFEEIHIL;

+ &1 words list¥ 494 — 4 ~word, AHIEE PRI LT GE— N2
+RKEEFPHAEF IO EMIT L], AR R L.

o BE|HF—seed wordESELLX FHIXNNAINE

° *ﬁﬁﬁ;ﬁ Database
+ 754 & 5|Hash Table; / o—o
+ 5 B DKT 7
+ Aho-Corasick 8 s+t £ %, §\~ 0

\\J
00 O




STEP 4 :Extending

@ 5 ITE BRI seed wordiE(HELEIIEES:

+ R ERLERFe T3 AKX T @ AT, HAiEHE ARG w3t ir s
18] 6 2L A

+ AP 69 77 A FeSmith-Waterman £ 5 £ K —#, # 2 R EMATCHa 345 ;
+ A AFERN T,

One of candidate sequence

Elile)
/e
S
o

, hit . ™

Query sequence:R P P Q E =
F(0,0)=0

[ Database sequence:D P P E G V V
F(i-1,j-1)+s(x,y,)
F(i,j)=max{ F(i—1,j)+d e rrre e
F(I'.j—l)+(/

0 me

Optimal accumulated score = 7+7+2+6+1 = 23

L’l?.xact match is scanned.




Join words on same diagonal

o ITEEMENGD, ZEBMNTIEENRES, S1LEHH,
+ B Ayt Z S 4k B (high-scoring segment pair, HSP)

o TE U EH seed WordaYHSPH7>, HEFF, EEXTOPIEAIRIE;

database sequence

= == == == — = =

High-scoring segment pair (score="S’)

score S for this alignment

score ~ drops below threshold
/ stop extension

_— score HSP
extend to left (similar to right)




STEP 5 :Significance Evaluation

o =Xt ESRITEEZENLE, £

o THMRA:

fEAl & A Y=

= (-2

+raw scores (R4ED ). NBERITH F %5 %%, ILFAE

+bit scores (tt% > 40): *traw scores 5 H A ( e ia‘}%/—%k
Ny IR ESEmE) ST a— A,

A-HT5 RGHEIEBH
g _AS—InkK K - B2 H 1 TE 2%
In2 S - HSP/3 44




STEP 5 :Significance Evaluation

+E value: T2 ERALIF LT, $IBEEGEGL Y AT AL, 4
PAFRY LTS $ B - ‘
. P n - 2510 751 ik 3R 2N
F=mn2 > = Kmnhe~ m - $08iE B e R R
K, A — Karlin-Altschul&t it &=
> E>1, 57 tbat 45 2 R 58 flde, E=10# &% & 2 HF 104
WA ICELIRIFE BaTtb T A8 S % & 589 0 %,
> E<0.05, %45 ELhH &,
> E<10°, et /751 53] 5 —

o BT FHEILEIEARNSIEBAHSPIEX 7S], BEI&E&ELEXt
HyE R



BLAST: &St

® HHARYBLASTHRA : TT=(T090;
O Thiv2A<(BLAST+) : 1EjNGap Penalties (Existence: 11,
Extension: 1)&

Gapped extension

120 1
|
100 ! ’\\\\ﬁp\\\\\\\\‘ . .
80 | :
Broad bean

leghemoglobin |
g g 60

HSP 0 :

+
0
0 20 40 60 80 100 120 140
Horse beta globin
Leghemoglobin 43 FSFLKDSAGVVDSPKLGAHAEKVFGMVRDSAVQLRATGEVV--LDGKDGS------ 90
F L + V+ +PK+ AH +KV L +GEV LD G+
Beta globin 45 FGDLSNPGAVMGNPKVKAHGKKV---------- LHSFGEGVHHLDNLKGTFAALSE 90

Leghemoglobin 91 IHIQKGVLDP-HFVVVKEALLKTIKEASGDKWSEELSAAWEVAYDGLATAIL 140
+H K +DP +F ++ L+ + G ++ EL A+++ G+A A+
Beta globin 91 LHCDKLHVDPENFRLLGNVLVVVLARHFGKDFTPELQASYQKVVAGVANAL 141



BLAST: & &5

®PSI-BLAST: Position-Specific Iterated BLAST ({37 /a4 5tk

{LBLAST)

o {2 B AF F b1k ARBLAST S R B4 s 4 AR Z 48 %
(Position-Specific Scoring Matrix, PSSM) 1% & % 4% & &,
B AR L & 42 R Z AT M EPSSM, AR A #7T69PSSMAE %
AR, ok R H (iteration), B B|XFHIAILER T A AL,

®PHI-BLAST: Pattern-Hit Initiated BLAST({ 2T iR EIBLAST)

o B2 X IR FIBLAST AL X 2] 5 dr N5 2 AR89 F 45 & F AF 45 €
¥ X (pattern)® A 71. Bl4e, N-#&HAMAZ &K A (N-
glycosylation site motif) & ZfF & AT 452 X:  YAAsnTT
b5, ARG AR T Pro shey v A8, A B IRSer& Thr,
FIRMR T Proz My B¢ R A B, A E W) & iR X & =N-#E A
WAz & AR N{PYSTKP}



Outline

BLASTi/}

NCBIM & BLAST/#

AHBLAST{H H




NCBIfEZBLASTETR

m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information

BLAST

Sign in to NCBI
®

Home  RecentResults  Saved Strategies  Help

Basic Local Alignment Search Tool

Are you identifying organisms? The 16S database may be your best choice,

BLAST finds regions of similarity between biological sequences. The program
compares nucleotide or protein sequences to sequence databases and
calculates the statistical significance. Learn more

For initial searches, the 16S database contains the data that most people need to
identify organisms.

Fri, 22 Feb 2019 14:00:00 EST B More BLAST news...

http://blast.ncbi.nim.nih.gov/




Four Steps to a BLAST search

(1) Choose the sequence (query)

(2) Choose the database to search

(3) Select the BLAST program

(4) Choose optional parameters

Enter Query Segquence

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

HP_and503d From l—
To |

Or, upload file I Browse. .. | ]

Job Title |P_o00508:beta giobin [Homo sapiens]

Erter & descriptive title for your BLAST search )

Chonse Search Set
Database INon-redundant protein sequences [k j @ h

0'93“'5“‘ @ any © Human © Atnaliang © Mouse © Custorn..
O Search only sequences from selected organism g

Entrez Query I
Optional
Enter an Entrez query to limt search gy

Program Selection

Algorithm & hiastp (arotein-protein BLAST) -

€ PSI-BLAST (Position-Specific terated BLAST)
' PHI-BLAST (Pattern Hit Initiated BLAST)
Chooze a BLAST algorithm (@)

{ BLAST } Search database nr using Blastp (protein-protein BLAST)

I_ Show results in o3 nesw window

P Algorithm parameters




Step 1: Choose your sequence

O®BLASTH % % — ¥ 2 it & 514 99DNA K& & it /7 7
»Sequence can be input in FASTA format or as accession
number (e.g. NP_006735)

T N7 67
()_,; NCB] llllll..ﬁiéaﬂé}gé%ﬂa..llllll fﬁf‘ﬂt&iﬂ

FubMed Mucleotide Fratein Genome Structure FopSet Taxonorny Okl
Search [ Protein -] for || ﬂ Clear |
Limits Freviewndex History Clipboard Details
Display ||FASTA ~las [HTML =] Save|  Addto Clipboard |
[ 1: NP 006735, retinol-binding p.. [gr5803139] Blink, Related Sequences, Mucleotide, QOMIM, Pubhed, Taxonamy, LinkOut

>gi| 5803139 | ref|NFP_006735.1] retinol-binding protein 4, plaswsa precursor: retinol-binding protein 4, interstitial [Hon
METWALLLLAAMALAERDC RV S SFRVEENFDEARFSGTUVAMAKEDPEGLFLODNIVAEFSVDETGOMS
ATAEGRVELLMNNWDVCADMYGTFTD TEDP AKFEMEY UGV ASFLOEGHNDDHTIVD TD YD TYAVOQVSCRLLN

LDGTCADSYSFVFSRDPNGLPPEAQKETVEOROEELCLARQYRL IVHNGYCDGRSERNLL



Step 2: Choose the BLAST program

®Dblastn (nucleotide BLAST)
®Dblastp (protein BLAST)

®Dblastx (translated BLAST)
®tblastn (translated BLAST)
®tblastx (translated BLAST)



DNA potentially encodes six proteins

5/ CAT CAA

5/ ATC AAC
. 5/ TCA ACT
-

5" CATCAACTACAACTCCAAAGACACCCTTACACATCAACAAACCTACCCAC 3f
3" GTAGTTGATGTTGAGGTTTCTGTGGGAATGTGTAGTTGTTTGGATGGGTG 5”7

JJ
5/ GTG GGT <«
5/ TGG GTA

5" GGG TAG



Choose the BLAST program

Program Input Database

blastn DNA = DNA

=

blastp protein =g protein
blastx DNA

tblastn  protein — DNA

36
tblastx  DNA é _>% DNA

protein

Z[@



Step 3: choose the database

® nr/nt = non-redundant (most general database)

® refseq_rna = Reference RNA sequences

® refseq_genomic = NCBI A& 5 7| ¥ &9 I F 48 /5 5
® pdb = Protein Data Bank (8.2 % G =4 4#))

® htgs = high throughput genomic sequence

PS iij:i_/l\%‘&‘) : li

Enter a desoriptive title for your BLAST search &

DAIign two or more sequences &

Choose Search Set

Database ()Human genomic + transcript ' Mouse genomic + transcript @ Others (nr etc.):
# [Nucleotide eollection (nr/mt) =] @
Organism Ceu_anﬂc pluﬁ_ hfm'ﬁcru?f ) . R
Optional Human genomic plus transcript (Human G DEchude +
Mouse genomic plus transcript (Mouse G

will be shown. &
Other Databases (Dl EReiTn. 2

Exclude [ _Bucleotide collection (nr/nt) W
Optional Feference mfNA sequences (refseq_rna)
Eeference gencmic sequences (refseq_genomic)
NCBI Genomes (chromosome)
Expressed sequence tags [est)
Non—human, nen-mouse ESTs (est_others)
. Genomic survey sequences |gss)
F'rogram Selectio High throughput gencmic sequences (H
Optimize for Patent seguences|pat)
Protein Data Bank (pdb)
Human ALU repeat elements (alu_repeats)
Sequence tagged sites (dbsts)
Whole—genome shotgun reads (wes)
Environmental samples {env_nt)

Entrez Query
Opticnal

B Megsablast is intended for comparing & query to closely related sequences and works best if the target percent identity is 35% or more but is very fast.
o Discontiguous megablast uses an initial seed that ignores some bases (allowing mismatches) and is intended for oross-species comparisons.
O BlastN is slow, but allows a word-size down to seven bases.

MOre...

Search database Nucleotide collection {nrint) using Discontiguous megablast (Optimize for more dissimilar sequences )

D Show results in a new window



Step 4: Choose optional parameters

You can...

® change max target sequences

® turn filtering on/off

® change the substitution matrix

® change the expect (e) value

® change the word size

® change the output format to display



Select optional search parameters

organism
Entrez

algorithm

Enter Query Sequence

Enter accession humber, gi, or FASTA sequence g Clear

Fgi 4503239 |zef [HP_00050F.1| beta glebin [Heme sapien=z]

EUHLTPEEES AUT ALWEKHUDE Y 5E AL ZRLLAUYF T QRFTE S FEDL STRD AUMGHE EUE AHGEED
AFBDEL AHLDNLEGT FATL SELHCDELHVDPENFELL GHVL W EVL AHHPCEE FTPE V) ARV QERAT A
&L AHETTH

Ll -
Or, upload file | Browse. . | Q)

Querysubranie &)

From |
To I

Joh Title [6i14504 348 NP _000509.1] beta globin [Homo...
Enter a descriptive title for your BLAST search &)

Choose Search Set

Database E Man-redundant protein sequences (n] ~| &)

0’93“'5"" g Arny © Human © Athatiang © Mouse T Custom.
Opi crial Search only sequences from selected organism (@)

Entrez Query [perutz mijauthor]

Optionzl

Enter an Entrez query to limit search &)

Program Selection

Algorithm C hlastp (protein-protein BLAST)
" PSI-BLAST (Position-Specific terated BLAST)
" PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algorithm k)

oo

BLAST || Search database nr using Blastp (protein-protein BLAST)

I_ Shoow results in 3 new window

P flgorithm parameters




optional blastn search parameters

< BLAST J Search database nr using Megablast (Optimize for highly similar sequences)

[VIshow results in a new window

¥ Algorithm parameters Note: Parameter values that differ fro
- General Parameters iy 618 B
| ! 3 T JHE 0 2N
Max target 1100 K L ZS
\_sequences

Selacthe-manmunt number of aligned sequencas to display &

Short queries Automatically adjust parameters for short input sequences &

fr‘l:xpecuhreshold e Eff - EXpeCt
e mie < \Word size

Scoring Parameters

Match/Mismatch 12~ @
Scores =

Gap Costs ' Linear v

N
Scoring matrix

Filters and Masking

Filter Low complexity regions &
] Species-specific repeats for: | Human v @
Mask Mask for looku ;
p table only & -
[J Mask lower case letters & FI Iter, m aS k
; TR BLASTIEST

Q BLAST J Search database nr using Megablast (Optimize for highly similar sequences)
L S

[V]Show results in a new window



i € (Filtering)
o TiEREELEXIH ("Low-complexity region") :

+iR S BERAABRORET L
- CACACACACACACACA...
- KLKLKLKLKLLKLKL...

o[t KREEERITEEERN, HAEREMFENIFES!
FHELXT

HIREL KRR EA DR, Hhrtat;

7

o MFF o fURIXELRFA, FREHRIN 2.

+DNAAN, &ait AX.



Our starting point: search human insulin against worm
RefSeq proteins by blastp using default parameters

= ref|NPF 501926.1] m IN3ulin related family member [(ins-1) [Caenorhabditiz elegans]
Length=10%9

SJcore = 32.7 bits (73), Expect = 0.034, Method: Composition-baszed stats.
Identities = 307101 (29%), Positiwes = 417101 (40%), Gaps = 147101 [13%)

Query 10 LLALLALWGPDPAAL FYNOHLCGEHLYEALYLVCGERGFFY TPETRREAED LOVGOVELG 65
La+L L P P+ & + LCGS L L ¥O + +F 4+
dbjct 16 FLATLLLSAPTPSDAST--RLCGERLTTTLLAVCENQLCTGLTAFERSAD QY - —--——— =17

Query 70 GGPEAGSLOPLALEGILQERG-IVEQCCTSICSLYQLENYC 109
4 ++ L QERG I +CC C5 L+ +C
dbjct &7 -——-4PTTEDLFHTHHOQKRGGIATECCEERCSFAYLETFC 103

(a) Query: human insulin NP_000198
Program: blastp

Database: C. elegans RefSeq

Default settings:

Unfiltered (“composition-based statistics™)



Filtering
(the filtered sequence is the query
In lowercase and grayed out)

[ ref|NP S01926.1]
Length=109

INGulin related family mewmber [(ins-1) [Caenorhabditiz elegans]

Acore = 32.7 bits
Tdentities = 30,510

1, Expect = 0.034, Method: Composition-based stats.
29%), Positives = 417101 [(40%), Gaps = 147101 [(13%)

Query 10 llallalwipdpaaaFVNOHLCGEHLYEALYLVCGERGFFT TPETRREAEDLOQVG]VELG 69

La+L L P P+ & + LCGS L L ¥wC + +E. 4+
dbjct  le FLATLLLEAPTPEDAST--RLCGARLTTTLLAVCRNOLCTGLTAFERSADQAY - —-—- -~ ae
Query 70 GLGPGAGSLOPLALEGILQERG-IVEQCCTAICSLYQLENYC 109
8+ + L QERG I +CC C3 L+ +C
dbjct  a?v -——-4PTTEDLFHTHHOQFRGGIATECCEERCIFAYLETFC 103

(b) Query: human insulin NP_000198
Program: blastp

Database: C. elegans RefSeq

Option: Filter low complexity regions Kl



Note that the bit score, Expect value, and percent identity
all change with the "no compositional adjustment” option

> ref NP S0O19Z6.1| m INZulin related family member (ins-1) [Caenorhabditis elegansz)
Length=102

Gocore = 34,7 bits (78), Expect = 0,002
Identities = 307100 (30%), Positiwes = 417100 (41%), Gaps = 147100 [14%)

Query 11 LALLALWGPD PAAA FVNOHLCGSHLVEALY LVCGERGFFY TPETREREAEDLOVEOVELGE 70

Li+L L P P+ & + LCGS L L VO + +E. &+
abjct 17 LATLLLASPTRSDASIR--LCGSRLTITLLAYCENQLCTGLTAFERAAD QS Y - - —————~ (=13
Query 71 GPGAGALQPLALEGSLOKRG-IVEQCCTAICSLYQLENYC 109
4 ++ L QKRG I +CC C3 L+ +C
abjct a7y -——-APTTRDLFHIHH)QFRGGIATECCEERCSFAYLETFC 103

(c) Query: human insulin NP_000198
Program: blastp

Database: C. elegans RefSeq

Option: No compositional adjustment

Compositional adjustment: 2B IE, A X FIAMNSITFZE, 5T
BN UEERS =E— N EREX BT RS




Output format

Descriptions
Graphical Summary

Alignment view



BLAST search output: top portion

:‘_"_,_; =

Home  Recent Results  Saved Strategies  Help [Sign In] [Reqist

r HCEIf BLAST! hlastp suite/ Formatting Results - GS1F74BKD11

Edit and Resubmit  Save Search Strategies BFormatting options B Download

NP_000509:beta globin [Homo sapiens] ld atabase
Query ID gi|4504349|ref|WP_000S09.1| -q uery Database Name nr
Description beta globin [Homo sapiens] Description &ll non-redundant GenBank COS
=0i|556352 19 |ref|¥F_S058242.1| PREDICTELD: translations+PODBE+5wissProt+PIR+PRF excluding
hypothetical protein [Pan troglodytes] environmental samples from WG5S projects
=0i|56749856|sp|PEEEF 1.2 |HEE_HUMAMN Recklame: Program BLASTP 2.2.22+ B Citation

Full=Hemoglobin subunit beta; AltMame:
Full=Hemoglobin beta chain; AltMame: Full=Beta-
hermoglobin, beta [synthetic construct]

00189053145 |dbj|BAG34767.1| unnamed protein

product [Hormo sapiens]

Molecule type amino acid taxonomy

Query Length 147
COther reports: BSearch Summary [Taxonomy reports] [Distance tree of results] [Related Structures] [Multinle alignmert] HEW

¥ Graphic Summary

W Show Conserved Domains

Putative conserved domains have heen detected, click on the image helow for detailed results.

1 25 a0 75 inn 125 147
Query seq. e ———— e ————————————————
herme-binding site J L kL Lk bk L L

S5pecific hits
Superfanilies globin_like superfamily




BLAST search output: graphical output

Distribution of 17 Blast Hits on the Query Sequence

MP 058652 hemoglabin, beta adult minor chain [Mus musculus] 5=244 E=1.7e-b5

Color Key for alignment scores

<40 40-50 50-B0 80-200 >=200
G e ry I ——
I I I I I I I I
0 20 40 60 a0 100 120 140




BLAST searcah output: Descriptions

Graphic Summary Alignments Taxonomy H .
Igh scores

Sequences producing significant alignments Download v | @

low E values

select all 100 sequences selected GenPept Graphics Dista MSA Viewer
T S Scoe Soore Cows value | e Len Accesson
b v v - - v
Chain B, HEMOGLOBIN (DEOXY) (BETA CHAIN) [Homo sapiens] Homo sapiens 295 295 100% 2e-104 100.00% 147 1DXT B
Chain B, HEMOGLOBIN (BETA CHAIM) [Homo sapiens] Homo sapiens 293 293 99%  2e-103 100.00% 146 1A3N B
Chain B, Hemoglobin subunit beta [Homao sapiens] Homo sapiens 292 292 100% 4e-103 9932% 148 THAM B
Chain B, HEMOGLOBIN (BETA CHAIN) [Homo sapiens] Homo sapiens 292 292 99%  5e-103 99.32% 146 1AOU B
Chain B, Hemoglobin subunit beta [Homo sapiens] Homo sapiens 292 292 99%  5e-103 9932% 146 4MQG B
Chain B, Hemoglobin subunit beta [Homo sapiens] Homo sapiens 292 292 99% 5e-103 9932% 146 ZYRS B
Chain B. HEMOGLOBIN (DEQXY) BETA-WETT [Homo sapiens] Homo sapiens 291 291 99%  T7e-103 99.32% 146 1HDB B
Chain B, Hemoglobin subunit beta [Homo sapiens] Homo sapiens 291 291 98%  7e-103 100.00% 145 EE29 B
Chain B, HEMOGLOBIN (DEOXY) (BETA CHAIN) [Homo sapiens] Homo sapiens 291 291 98%  9e-103 100.00% 146 1DXV B
Chain B, Hemoglobin beta chain [Homo sapiens] Homo sapiens 291 291 98%  1e-102 100.00% 145 1Y85 B
Chain B, Hemoglobin beta chain [Homo sapiens] Homo sapiens 297 21 99%  1e-102 99.32% 146 1MQP B
Chain B. HEMOGLOBIN BETA CHAIMN [Homo sapiens] Homo sapiens 291 291 99%  1e-102 99.32% 146 1K1K B
Chain B, Hemoglobin beta chain [Homo sapiens] Homo sapiens 297 291 99% 1e-102 98.63% 146 1010 B
Chain B, Hemoglobin subunit beta [Homo sapiens] Homo sapiens 291 291 99%  2e-102 9932% 146 3MLT B
Chain B, Hemoglobin beta chain [Homo sapiens] Homo sapiens 290 290  99%  2e-102 9863% 146 1Y22 B
Chain B _Hemoglobin beta chain [Homo sapiens] Homo sapiens 290 290  99%  2e102 9863% 146 1¥35 B

Cut-off; .05? 10-10?




BLASTRY S D S5 &ITEE N

®S (Score) : bt 135

OE (Expect) : rbxt R ALIX 69 )5 5] 69 20 2 3 B

®P (Probability) : rbxtREALE E 69— 5 % L4570,
AT 159 K F 3 TS89 7T a4

OE 5P{A LA KHLIA T L 4 R &0 fr 5] g #E4L

Eo9 XA, mTdEw THALE F/F2Z 4 R

> HEHERITE, —MUOBIRENTRIEE SRR,

> NEEFEESHH, LEBET0.001(103)8, BRERERRIA
AEFIT EBEME.



BLAST search output: alignment output

v Alignments Select All Get selected sequences Distance tree of results  Multiple alignment
=B Rblaste ERNF LIRS E

:>-||_I|:1]::|IBC1"."2"."15.1| E Synthetic construct Mus wusculus clone IMAGE: 100069524, MGC: 199476
RIKEN cDNA S6300Z5I21 gerne (96300Z5I21Rik) wBENA, encodes

s et HLRTEI B A K R B E LB Y

-

FENE ID: 408067 De300Z25TZ1Rik | RIEEN cDNA S6300Z5IZ1 gene [Mus musculus]
(10 ox fewer PubMed links)

: [ ) F| BT —-1~blastfh
BN ooore = 2483 birs (1348), (Expect = 0.0 |4— S0 _7rblas n%

1 E‘ -'i.:j‘\‘-\.
el \identities = 1344/13444{00%1, Gaps = 0/1344 m%;*x____—it%:x'f%l—— |

Strand=Plus,/Plu= -

iQuery 1; ATGGAGGAAATGC TG TCCTTCCGGEATGTEECCATTGATTTTTC TCCAGAAGAGAGGGAC A0
Lrerrrrrerrrrrrrrerrerrrrrerrrrrrrrrerrr et e rrr et e e
fEEEB?jcht 357 ATGGAGGAAATGCTGTCCTTCCGGGATGTGGCCATTGATTTTTC TCCAGAAGAGAGGGAC 94
El ] i
Bl FF 5| Query 61 TACCTGGGTCCTGC TCAGTGGGATC TG TACAGAGACGTGATGC THGAGAATTATAGCCAC 120

Lrerrrrrerrrrrrrrerrerrrrrerrrrrrrrrerrr et e rrr et e e
Sbijct 95 TACCTGEGTCCTGC TCAGTGGGATC TG TACAGAGACGTGATGC THGAGAATTATAGCCAC 154

ouery 121 CTTGETETTCC TEEETC TTC TG T T  TAAGC CATACTTGG TAACATTTC THGAGCARRACS 180

Lrrrrrerrerrrerrrrrerrerrerrerrerrerrerr ettt rer
Shjet 155 CTTETETTCCTEEETC TTEC TETTC TAAGCCATACTTGETAACATTTC THEAGCARAAC 214

puery 181 CAAGGETCTTCAGGTGTGARAAGCCAC G AGCAGLCACCATCCCAGGARCARACAGGCAAT 240
Lrerrerrreerrrrerreerrrrerrrrerrrrrrrr ettt e
Sbijct  Z15 CAAGEETCTTCAGGTGTGARA A GOCACGCAGUAGCCACCATCCCAGEARCARCAGECAAT 274

puery 241 GAATTTAACAATCACAATEAGG L CATTGATCACAGC TCTC TAAGTATGCAATGCCAGAGA 300



Outline

BLASTi/}

NCBIM & BLAST/#

AHBLAST{H H




BioEditZSiEBLAST

BioEdith2 fit T AHBLASTHI T &g :
% B Accesory Application -> BLAST

i Baskdat Segquence Aligaaent Editer

Tile Werld Wide Yeb | “ﬂsn niuun WA Qptieas Yindew Nalp
g_@_‘ MA [ Beneve [ Bodify an Accessory Agplication

CAl contig assesdly progres

BNAD st ~==) Neighhor plolegenetic trae

BEADI st DBA distance salrix

alk DEA Ratiaus Likelihood progres with solecaler clock
FastDiAal DEA maximus 1idelihosd

Local BLAST

NCET BUST over the Internet

Creste & local protein datadaze file
Create & local suclestide datedaze file

Fiteh = Nitehflargoliash wd Lenst-Squares Distance Betheds

Idrlet sdentity plotter

Eitsch == Fitehfargeliaah and Least Squares Rethods with Eveluticnary Clock
SEIGNIOR ~— Ferghbor-Joining aad WPGQHA satdods

Frotdast =2 Fiteh pdylegenatic tres

Frotdist protain distance satrix

Frotpars protein pursinesy sethod



RS EE

P51 5dE S (fastatg )
- BHFF](Query):16S rRNA.fasta
» FFHIEHEFEE(Subject): 16SMicrobial.tar.gz

® %14 5 %) 150 545 3] 49 48 1§ 16S rDNA 5 7]

® 7 5| B L B SLRYE e ANCBIF 3k & 24 257 49 m B 16S BB &, 1%
B JE 4 # A% (A2 WINRAR) it )& )& 2 A 3] 84 Mo

|

oooooooo »

LGE e

165Micrabial.nhr

165Microbial.nin

165Microbial.nnd

165Microbial.nni 111/ 233 130 E
165Microbial.nog 2013/ 10 17:33 NOG X% 35 KB <
165Microbial.nsd »

165Microbial.nsi

165Microbial.nsg

(ftp://ftp.ncbi.nlm.nih.gov/blast/db/FASTA/)



ftp://ftp.ncbi.nlm.nih.gov/blast/db/FASTA/

YAFEIN 3G

© 1 A1 BT A Rl A Hb 23T
> Hi.create a local nucleotide database file(DNA%# %)
>3 Hicreate a local protein database file(Z 3 5 #4E /%)

® 73 ¢ (1) JR UG 2 A 7 A Rl fastal® =
® 73 A 1 B HE FE A7 A BIOEDI T 348 32 (c:\bioedit\database) .

HEEE » Windows8 05 (C) » BioEdit » database

O =& i T GE wm o
__| 165Mlicrobial.nhr 2013/11/10 17:33  NHR ¥4 1,275 KB
__| 165Microbial.nin 2013/11/10 17:33  NIN X% 104 KB
| 165Microbial.nnd 2013/11/10 17:33  NND 3% TOKB
| 165Microbial.nni 2013/11/10 17:33  NNI Xig 1KB
| 165Microbial.nog 2013/11/10 17:33  NOG 30t 35 KB
| 165Mlicrobial.nsd 2013/11/10 17:33  NSD 3% 276 KB
| 165Mlicrobial.nsi 2013/11/10 17:33  NSI 7TKB
__| 165Microbial.nsq 2013/11/10 17:33  NSQ M4 3,226 KB
3& n85_chrom_final fasta 2015/11/25 O:11 FASTA X4 11,982 KB
__| n85_chrom_final.fasta.nhr 2015/11/25 Oe11 NHR Xf# 2 KB
| n85_chrom_final.fasta.nin 2015/11/25 (:11 MNIN 37 1KB
__| n85_chrom_final fasta.nsq 2015/11/25 O&:11 NSQ 3014 2,699 KB

VE: A% HEEHINCBINuE iRt A) S22k XA 16S 51 B ds e, AN T 2 Sk
i e, % fi# & J5 16SMicrobial H % T 1) 8 4> 3 & il 21| BioEdit % 2% H 3% T 1
database .3 (e.g., c:\bioedit\database) Rl ] ,


https://www.baidu.com/s?wd=fasta%E6%A0%BC%E5%BC%8F&tn=44039180_cpr&fenlei=mv6quAkxTZn0IZRqIHckPjm4nH00T1Y1PvckmyD3mHfYuWT4PH030AP8IA3qPjfsn1bkrjKxmLKz0ZNzUjdCIZwsrBtEXh9GuA7EQhF9pywdQhPEUiqkIyN1IA-EUBtYPH6znWcsnjn

FHBHBILIERR 2R

®iz{TBLAST: ZH.Accessory application-BLAST-local BLAST

® A &l 7 HIME Aquery, 203 FER BENIN L AN, B
HEblastnZ: %y, i % e-valuefl/ N LT .

¥ NCBI Local BLAST = =

BLAST iz government zoftware obtained from the NCBI. For reference see:

\|

Altschul, Stephen F., Thomas L. Madden, Alejandro A, Schaffer, Jinghui Zhang. Zheng Zhang,
‘whebb Miller, and David J. Lipman (19597), "G apped BLAST and PSI-BLAST: a new generation
of protein database search programs”, Mucleic Acids Res. 25:3383-3402.

Frogram: |blaztn - Muclectide D atabaze |188Microbial j
Pratein D atabase: | j

Guen: [y pa

CCCTAGC TCTGACAGAGACAGTCTG GG TOG TGL TATGCGC TCC T TGCGG T TCAGC TCCACCGGCTTAMGGT
Paste From Clipboand

Load From File

< >
Output file name: || 5 pecify | [default = file opened but not saved)
v Open autput
Iv Filter sequences for low-complexity regions E=pectation Yalue (E]: |1.0E-B -
v DoGapped BLAST [nat available for thlasts) i
¥ Show Gl's in deflines tatii: | BLOSUIMEZ hd

[ Tabular output

tdax number of hitz to report R00 u

Max number of alignments to show  |250

Threzhhold for extending hit il

Additional parameters

‘Wwarning! The complete combined command line (including file paths and auto-zet paramters] cannot excedd 128 characters
Under DOS. | have not yet found a way around this. [f the program doesn't run, ty saving the query file to C:A\Temp first,

Usage

blastall arguments: ~

-p  Program Name [String] (set internally with BicEdit)
-d Database [String] {zet internally with BicEdit)
-i Query File [File In] (set internally with BicEdit) w

Do Search | Dismiss BLAST release notes MCEI BLAST help

.




BEBLASTE

OBLAST AT 4 R R B HIEEF 554 5057, 40 T BT,
R AMPEEIEEINGFI S, TEENEFT

5 BioEdit Sequence Alignment Editor - [Blast output C:\BioEdit\Temp\~out.tmp] = B
% File Edit Format Accesory Applicaon RNA World Wide Web Options Window Help - =] =
= O
[m] # 5 By (3 [Courier New e B UE=

D I I I 1 1 I I I I I I 1 1 1 I I I I I I 1 1 =
ELASTN 2.2.10 [0ct-19-2004] ~

Reference: #ltschul, Stephen F., Thomas L. Madden, Alejandro 4. Schaffer,
Jinglmi Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997),
“Gapped ELAST and PSI-ELAST: a rnew generation of protein database search
programns”, Nuclele idcids Res. Z25:3383-3402.

——— F % DL 2300 8 0 31 R 2

Databaze: 165 Microbial Sequences Eﬂéﬁg&ﬁﬂ%(ACEtObaCter paSteurianus)
3859 secuences; 13, 032,147 total letters , EI] ﬁtﬁj\%m‘%%j\j E EEE%E/&'\‘ o

Score E

Sequences producing significant aligrments: (hits) Value

g1 |507148118 |ref |[FE_102925. 1| Acetcbacter pasteurianus IFO 3283-... 2415 0.0

glio&a UlJUOirEIiNK_U& T .li ITETohac el DoMGTUN S Lralin LhG 1oa. .. T L

21 |219846515 |ref |NR_026107. 1| icetobacter pasteurianus strain LM... 2375 0.0

£1|343200181 |ref |NR_040868. 1| icetobacter syzygiil strain 9H-2 16... 2264 0.0

g1 |343205673 |ref |NE_044046, 1| dcetcbacter ghanensis strain 4304 ... 2256 0.0

o3 1242207207 lvaf MR N4A267R 1| dratrhactar faharm ctwain R=2ART 2927 NN 7




LinuxZASHEBLAST

1. UbuntuZ=3& BLAST:

$sudo apt-get install nchi-blast+

BORThR A HLBLAST+E44 1] PLANCB I 3t T 2, 22 3%

2. & B

A 3 MNCBI T #BLAST 232 &
ftp://ftp.ncbi.nlm.nih.gov/blast/db/FASTA/

47T YL g a4 i fastati X 09 B8 &



LinuxZASHEBLAST

3.4 XA HIE &
$makeblastdb -in db.fasta -dbtype nucl -out dbname -parse_seqids

BB VLR

-in: AR XA 7] 69 N S (fastarg X))
-dbtype: £3% 2 57 £ A, prot(& & R ) Snucl (4 8)
-out: ZIEE 4

-parse_seqids: STk, & M Afastats X F #7754
1% 44 (Seqlds)



LinuxZASHEBLAST

4.:5 47BLAST tbst 42 5
X2 AR5 7 At A B 4% & (blastn) A4
$blastn —task blastn -query seq.fasta -out seqg.blast -db dbname -outfmt 6 -evalue

le-5 -num_threads 4

O Rk
-task: X AANEE B it #F'blastn’ 'blastn-short’ 'dcmegablast’ 'megablast’ 'rmblastn’ |
7k jAmegablast.

-query: N SUAF 89 B2 B XAF
-out: #rdh 62 R ML
-db: A& XA 15 3] 69 28 B 3642 R Rk T
-outfmt: # iy XAF4& X, EA L84 X, 0ZFHKA x4 X, 6-&tabulart X,
-evalue: & & 4y 25 £ 4ge-valuefd
-num_threads: /& i #9 & 424

HEBLASTAZ /7 Al ik Hblastn £400, 4ok G 55| st & & 435 & (blastp) A
BAGER 5] et & & #38 & (blastx) %,



LinuxZASHEBLAST

5% ABLAST bt & £
$more gyrB blast.txt

gb|CP000422.1|:4284-6230 LX-4 contigl 99.28 1947
1947 148455 150401 0.0 3518

RPN, F—HRE X0

® Query id: TP HIFRIRFF, U1“gb/CP000422.1[:4284-6230”

® Subject id: #4f Z= P EEN B B ARP SRR IRAT, 40“LX-4_contigl”
® % identity: 7515 H w781 EE 1 — 201 (%), 11<99.28”
®alignment length: &7 215 His ol bbxt ER R BOKEE, 40<1947”
® mismatches: & ifl/F55 H s P LEATE R ITTHEL, dn<14”

® gap openings: ZHLE, wi<0”

®q. start: A A LA RS GEAT A, a1

®q.end: i) LRF & BN A, A1947”

®s. start: HAn/PAI L RRUR A7 A, 401484557

®s.end: HFRFHILLNT B 5, 1150401

®c-value: Eff, %1“0.0”

® bit score: JFAIULECAS 73, U1«3518”



(214

o HLSEIGE M AIER BB —RIE, i 16S rRNAK: X

M 7315 — 257 411(16S_rRNA.fasta), #E{TBLAST /0 #T4E
M B9, FEHARKBLASTS A LA K £ 7]
o R[S NIRRT
— [ HINCBIZEZLBLAST . &
— { I BioEdit4 F FIBLASTHE /7
— {ELinux@r 21T H IIBLASTHET ($sudo apt install nchi-blast+)

VE: 16S rRNAZ: KT 5 51 5 16 SMicrobial £ 3 28 i M IRFE W il T %%
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