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Introduction to BLAST

e What is BLAST

 Basic Local Alignment Search Tool
« Why BLAST
 Quickly search a sequence database



Alignment in Real Life (20+ years ago)

* One of the major uses of alignments is to find
sequences in a database

* The current protein database contains about
108 residues!

— Searching a 103 base long target sequence requires
to evaluate about 10! matrix cells...

— ... which will take about three hours in the rate of
107 evaluations per second.

— Quite annoying when, say, 103 sequences are
waiting to be searched. About four months will be
required for completing the analysis!



Introduction to BLAST

e Different versions of BLAST

» NCBI-BLAST
+ WU-BLAST (now AB-BLAST)



Different BLAST programs: according to the query and database

Program Query Database

protein protein

blastp

blastn HUD|EC'tidHLJC|EG'[idE

blastx Cnunlemtide
protein 4—®—> protein

tblastn nuclectid D
protein 4—®—> protein

thlastx Cnunlemtide nuclemtidD
protein ‘—®—> protein



BLASTP 3. OPE-AB [2009-10-30] [1inux26-x64-132LPF64 2009-11-17T18:52:53]

Copyright (C) 2009 Warren R. Gish. All rights reserved.

Unlicensed use, reproduction or distribution are prohibited.

Advanced Biocomputing, LLC, licenses this software only for personal use
on a personally owned computer.

Reference: Gish, W. (1996-2009) http://blast. advbiocomp. com

Query= RU1A HUMAN
(282 letters)

Database: /home/ccwei/courses/g and p/C. elegans/Proteome/ws 215. protein
24,705 sequences; 10,879,267 total letters.
Searching....10....20....30....40....50....60....70....80....90....100% done

Smallest
Sum
High Probability

Sequences producing High—scoring Segment Pairs: Score P(N) N
KO8D10. 3 CE07355 WBGene00004386 locus:rnp—3 Ul small nucl... 378 3.2e-53
KO8D10. 4 CE28597 WBGene00004385 locus:rnp—2 Ul small nucl... 332 1.be-51
C50D2. 5 CE38492 WBGene00016808 status:Confirmed UniProt:Q. .. 113 7.4e-08 1
F46A9. 6 CE08260 WBGene00003172 locus:mec—8 mecanosensory ... 111 5. 8e-07
RO9B3. 2 CE16307 WBGene00011155 RNA recognition motif. (ak... 91 2.6e-05
D2089. 4b CE30509 WBGene00004207 locus:ptb—1 status:Partia... 86 5.4e-05
TO1D1. 2¢g CE41586 WBGene00001340 locus:etr—1 status:Confir. .. 95 6.5e-05
T23F6. 4 CE18963 WBGene00004315 locus:rbd-1 RNA recognitio... 85 8.1e-05

TOIDI. 2a CE12942 WBGene00001340 locus:etr—1 RNA-binding p... 95 9.0e-05



>K08D10. 3 CE07355 WBGene00004386 locus:rnp—3 Ul small nuclear ribonucleoprotein

A status:Confirmed UniProt:Q21323 protein id:AAA98033. 1

Length = 217

Score = 378 (138.1 bits), Expect = 3.2e-53, Sum P(2) = 3.2e-53
Identities = 69/116 (59%), Positives = 89/116 (76%)

Query: 5 ETRPNHTIYINNLNEKIKKDELKKSLYAIFSQFGQILDILVSRSLKMRGQAFVIFKEVSS
+  PNHTIY+NNLNEK+KKDELK+SL+ +F+QFG+I+ ++ R KMRGQA ++FKEVSS
Sbjct: 3 DINPNHTIYVNNLNEKVKKDELKRSLHMVFTQFGEIIQLMSFRKEKMRGQAHIVEKEVSS

Query: 65 ATNALRSMQGFPFYDKPMRIQYAKTDSDITAKMKGTFVXXXXXXXXXXXXSQETPA 120
A+NALR++QGFPFY KPMRIQYA+ DSD+I++ KGTEFV E PA
Sbjct: 63 ASNALRALQGFPFYGKPMRIQYAREDSDVISRAKGTFVEKRQKSTKIAKKPYEKPA 118

Score = 179 (68.1 bits), Expect = 3.2e-53, Sum P(2) = 3.2e-53
Identities = 33/77 (42%), Positives = 49/77 (63%)

Query: 206 PNHILFLTNLPEETNELMLSMLENQFPGFKEVRLVPGRHDIAFVEFDNEVQAGAARDALQ
PN+ILF +N+PE T + +F+HQFPG +EVR +P D AF+E+++E + AR AL
Sbjct: 141 PNNILFCSNIPEGTEPEQIQTIFSQFPGLREVRWMPNTKDFAFIEYESEDLSEPARQALD

Query: 266 GFKITQNNAMKISFAKK 282
F+IT + + FA K
Sbjct: 201 NFRITPTQQITVKFASK 217

64

62

269

200

10



Heuristic Search

e Rather than struggling to find the optimal
alignment we may save a lot of time by
employing heuristic algorithms

— Execution time is much faster
— May completely miss the optimal alighment

 Two important algorithms
— BLAST
— FASTA



Basic Intuition 1: Seeds

* Observation: Real-life matches often contain
long strings with gap-less matches

* Action: Try to find significant gap-less matches
and then extend them



Basic Intuition 2: Banded DP

* Observation: If the optimal alignment of
s and t has few gaps, then path of the

alignment wil

be close to diagonal

V(i,i+k/2)

Out of range e

V(i, i+k/2+1)

V(i+1, i+k/2+1)

D

* Action: To find such a path, it suffices to
search in a diagonal band of the matrix.

— If the diagonal band consists of k diagonals
(width k), then dynamic programming takes

O(kn).

— Much faster than O(n?) of standard DP.

t




Banded DP for Local Alignment

* Problem: The banded diagonal needs not be
the main diagonal when looking for a good
local alignment

— Also the case when the lengths of s and t are
different

* Solution: Heuristically find potential
diagonals and evaluate them using
Banded DP

S




FASTA

 Publication

— Pearson and Lipman, 1988

* Input
— Two sequences s and t

— Parameter ktup — defines the length of seeds.

* Typically ktup=1-2 for proteins and ktup=4-6 for
DNA/RNA

* Output
— The best local alignment between s and t


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3162770&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3162770&dopt=Abstract

FASTA — Algorithm Outline

Find regions in s and t containing high
density of seeds

Re-score the 10 regions with the highest
scores using PAM matrix

Eliminate segments that are unlikely to be
part of alignments

Optimize the best alighment using the
banded DP algorithm



Step 1: Finding Seeds




Step 2: Re-scoring Segments,
Keeping Top 10
t

N

N

NN




Step 3: Eliminating Unlikely

Segments
t

N




Step 4: Finding the Best Alignment

t




Finding Seeds Efficiently

— Prepare an index table of the database sequence s
such that for any sequence of length ktup, one gets
the list of its positions in s.

— March on the query sequence t while using the index
table to list all matches with the database sequence s.

Index Table (ktup=2) | s=****AGCGCCATGGATTGAGCGA™*
AA - 5 10 15 20
AC - >
AG 5, 19 7809
AT 11,15 =* *TGCGACATTGATCGACCTA* *
cA 29 —> (-,7) No match
gg 3 21 — (10,8) One match
’ — (11,9), (15,9) Two matches
TT 16




Connecting Seeds on the Same Diagonal

The maximal size of the index table is | 2| ¥t9P where . is
the alphabet size (4 or 20).

— For small ktup, the entire table is stored

For large ktup values, one should keep only entries for
tuples actually found in the database

— In this case, hashing is needed
Typical values of ktup are 1-2 for Proteins and 4-6 for DNA

The index table is prepared for each database sequence
ahead of users’ matching requests, at compilation time.

— Matching time is O(| t| - max{row length}



ldentifying Potential Diagonals

* |[nput: Sets of pairs
_ Eg/ (614)/(1018)1(14)12)1(15;10)1(2014)

e Task

— Locate sets of pairs that are on the same diagonal.

 Method
— Sort according to the difference i-j.
— E.g, 6-4=2, 10-8=2, 14-12=2, 15-10=5, 20-4=16 ...



FASTA Parameters

ktup = 2 for proteins, 6 for DNA

init1 Score after rescanning with PAM250 (or
other)

initn Score after joining regions
opt Score after Banded DP



Limits

* Local similarity might be missed because only
10 regions saved at init1 stage.

* Non-identical conserved stretches may be
overlooked



Basic Local Alignment Search Tool
(BLAST)
* Publications:

— Ungapped BLAST — Altschul et al., 1990
— Gapped BLAST, PSI-BLAST - Altschul et al., 1997

* Input:
— Query (target) sequence — either DNA, RNA or Protein

— Scoring Scheme — gap penalties, substitution matrix for proteins,
identity/mismatch scores for DNA/RNA

— Word length W — typical is W=3 for proteins and W=11 for DNA/RNA

* Output:
— Statistically significant matches


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2231712&query_hl=7&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2231712&query_hl=7&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2231712&query_hl=7&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2231712&query_hl=7&itool=pubmed_docsum
http://ncbi.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9254694&dopt=Abstract
http://ncbi.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9254694&dopt=Abstract
http://ncbi.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9254694&dopt=Abstract
http://ncbi.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9254694&dopt=Abstract
http://ncbi.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9254694&dopt=Abstract
http://ncbi.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9254694&dopt=Abstract
http://ncbi.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9254694&dopt=Abstract

Running BLAST



NCBI BLAST — web site

BLAST

Home Recent Results Saved Strategies Help

[Sian In] [Register]

» NCEIl BLASTY blastp suite

bhlastn J blastp ]_I}Ias't)( | thiastnn | thlastw |

EBELASTP programs search protein databases using a protein (querny. more...
Enter Query Sequence . B B .

Enter accession number, gi. or FASTA sequence & Clear
e

=TOO02S, hharmst
MOLGGGOLVSEELMHNLGESF IOTHDPSLELF OC AV CHEF TTDHNLDMLGLHMMVERSLEEDEWKAVMGDSY | —
KL CRYN T LKA F O LHC K T EHV O Yo LW AHIKE GGHEANEWNRELE WA T GNP VHLECNACD YV THNSLEK
LELHTVHNZRHE LS LELYEHLOOHESGUVEGESC Y VHCVLCHNY S TEAKLNL IOHVRSEMEHORSESLRELORL
OHEGLPEEDEDLGOIFTIRRCPE TDPEEATEDVEGPSETALADPEELAKDOEGSGGASSSOAEKELTDSPLATIE W

Query subrange &

From | |
To | |
Or, upload file | [(FIEE. .. | e
Job Title [TooD4s hurman,

Enter a descriptive title for your BLAST search W&l
[ Align two or more sequences &

Choose Search Set

Database [ Mon-redundant protein sequences (nr) =

Organism |
Opticmal

Enter arganism comimon narme, binomial, or tax id. Only 20 top taxa will be shown, &

Entrez Queary | |
Optional

Enter an Entrez gquery to limit search &

Program Selection

Algorithm @ blastp (protein-protein ELAST)
O PSI-BLAST [(Fosition-Specific terated BELAST)
2 PHI-BLAST [(Pattern Hit Initiated ELAST)
Choose a BLAST algorithm e

Search database nr using Blastp protein-protein BLAST

[CISshow results in a new window

= Algorithm parameters

Reset page

Bookmark

ht | D




NCBI BLAST — result summary

Recent Results Saved Strategies

[Sign In] [Register]

CTBLASTS blastp suite Formatting Results - 9SVWO9S3ICFSTO1TMN

Edit and Resubrnit Sawe Search Strategies eFormatting options e Dowvwnload

TS, huirmanr.

Query ID Il S171s Database Name i
Description TOoOoOos4S, human, Description Al mon—redundant GenBank CDS
rMolecule type amino acid translations+POBE+SwissProt+PIR+PRE
Query Length =7T=3 excluding environmental samples from Woas
projiects
Program BELASTPE 2.2.21+ Citation
Cther reports: BSearch Summary [Tazonomy reports] [Distance tree of results] [Multiple alignment] MW

v Sraphic Sy,

v Show Conserved Domains

Putative consenrnved domains hawve been detected. click on the image beloww for detailed results.
soo 1000 1500 =000 =500 =T
=recific DHA baze conbach= Jy oy DHA bBindins =ike e
ONA bindina =ite . =recific DHA basze contact= Jy J
=recific DHA baze conbtact= Jdy Jdy
DHA bindina =ite Jduiiy

-

Query Sed.

=rpecific DHA baze conbachs
ONA Bindina =ite

-
sSpecific hits -
Superfanilies E E
Hulti—domains cocssT

Diswibution of 808 Blast Hits on the Cuery Seqguence &

|M|:|use—|:|ver to showr defline and scores, click to shows alignments

Color key for alignment scores

=<3 30O =50 80 -200 Se-=200
___________________________ _

1
1100 1SS0 prp-lele ] =FS 0O

e rar

- Descriptions

= Adignments 29




NCBI BLAST use — predict function

Sawved Strategies

Formatting Results - 9WVWSICFSTO1TN

Edit and Resubkbm Sawe Search Strategies e Formatting options e Diowvwnload
TOOOAS. huirman.
CQuery ID Icl|8171is Database Name i
Description Tooo4as, hurman, Description Al mon-redundant SenBank COS=
rMolecule twpe amino acid translations+FPOB+ SwissErot+ PIR+«FRE
CQuery Length =2va3 excluding enwircnmental samples from WSS
projects
Prograrm BLASTP =2.2.21+ BCitation
Other reports: BSearch Summary [Tasonomy reports] [Distance tree of results] [MMultiple alignment
- Sraphic Surmimmanry”
- Descriptions
=== = =

Seguernces prodiicirng Sdigndi Eicant aligronernteess (B4 t=21 ramliae
Al | B O1o09Ss .1 alpha— fetoprotein enhancer binding proteirm [E. . . S7a0 o.o =
i | St A4 sz 2 1| mdire Fimgesr homesodomain probtsin [Homo sSopdicsras] - - - ao7s o.o =
e |l NME_ _oOo=221e. 2 | ST lHrmdirg Eralnmooripteic;n Eaotmor 1 [Heoros —=oipd- - - aors o. o =
== | ZZEe OO0 1 1 0=51 s - 1 | PR EDILCTEI = S — I=a raad H5oraor TTrarnmsoraptea o oot o o o o S =20 a i R - | EE
= Ff | ==& o011 0=s05 - 1 | PRPEDICTEID = A'I‘—}:Iinding tranSc)‘:iptiDn Eamcto o o o a= =1 i R - | EE
et | xEe _SS1i09= _ 1 | EEED T TED - similar to Alpha— fetoprotein enha. . . asad [ =1 =]
ref | XE_ 0015001921 .1 | EREDTOTED: Similar o AT motif kbinding £ao- o - as== o.o r=a
e | e S4s3a99 . = | EREBCTOTED = sdimilar +to SAlpha—- Foebtoprobein sobioa . - - as=0 o.o =
ref |l XE_O0107Fse=2-97F o 1| EFREDTOTED = Sdimilar o SAlpha— Foboprolboin =. - - a7 Fe o.o =]
ref | XEP_ zZzcacsa . = | FREDICTED: Similar o SAlpha Eoctoproioin enlia . . - avFsa o. o =]
ref | ME O=Zl1SZ== . = | A rmotiE Bbharndirng E£aotor L [MI1ii= rmiisec1alii=] aes=a o .o s
b | Bl 1l a1 e . 4| AT motifE bainding Eactor L [PIii= miai=-11lii=] aso= o .o =3
=p |l oSl SES .4 | =ZFHxS MOoirseE PecMame: FLull==inc ETinger homeoclosx 2o - - - a4 a7 [ =
ref | XE_ 00150923 0 1| EREDTOTED: Similar o Slpha— fetoprotein e o o asm o o.o =
gl | St 21 53 0 1) ik riowrr: [Homo =opicsras] a9 ss o.o =
e | xEp_ _alaz=0. = | FREDC I OTEL = sdmilar o SAlpha Ectbtoprotbtedirn —=mnlis. - - a=m=s o. o =]
reF | XE_ _ODl1=Ts7i=o.a) FREDICTED: Similar 4o Alpha— Eotoprotsin =. . - =2s=s o. o =]
ref | xp aem=s==4a 0 = | PEEDITCOTED :  wra: £ 2= k0= [Damnio =er4io] ===0 o .o s
ol | e rTaenTFE o o 1| Zfh>3 proteirn [Muas muascialias] =75 [ =1 =2
gb | BEDTLOS=145 . 1| =imnme Ffinger homeodomairn 4 [MMuas muascialias] =a~va [ =
reF | XE_ 827 2aan . = | EREBDTOTED - =dri— Finmoger homeokhos 4 Hisofocrm 500 . o - = e e o.o =
Al | Beamoaes o5 0 1| mdirmco— Fimgesr homesodomain protboin 2 [Homo mapicras]l =aa0 o.o =
=1 | ST IME .1 | SEF A MMollsE PleoMarme: Fuall—=1H1<c =Eirmgoir khorosolosc (21 - - . =aacs o. o =
ol | Eewrs FOS A . | =4 1ic Firger homeodormair 4, HiooFform CRa o [H oo - - - =aaa o .o =
refF | ME _OTFT=9=97 o = Z=imne Finger khomeodomadin 4 [Homo sSapiecmnms] =ob. . - =a== o. o s
= | oS SITES . 1 | =R FITILa T PecMame: Fuall==1imno Ffinge=r homeokosx [ . - . =a== [ =1 =
ref | XE_OO0l1=1a9s3 01| PEEDTCTED : =ince finger homeokhos 2 [Eoaaltas - - . =a=0 o.o r=a
ref | 2E_sSmmm=s . 3| FEREEDICTED: Hfm: 7145045 [Danioc rerziol =1 4ac o.o =3
gb | ELno=490 1 | Similar to ST motif-kbinding factor (predicted) o - . 1ooo o.o
reE | xEp sz2aze0 . = | PEEDICOTED : sdirmilar o =imeo Ehirmgeoir lhhormeodormad o - . 1==a [=R=1 =
Al | Esao=2o=== _ 1 | METAsAd=Z=2 protedin [Mias= miascialia=] 1==0 o .o =
i | eeHE 2 eSS . | EZFHX3 protedin [Homo ==ajpie=i=] 1 esan o .o =
ref|xE_ ZZsoea . a | FEEDTCOTED: =imilar o =inc finger homeodom=adi - - - As=s= [ r=a
ref | XE_O010ss9315 01| EREDTOTED: Similar o =inc Ffinger homeodo . o o As=1 o.o r=a
ref |l ME__102s33 . = | mdirie Fimgesr homeodomadin 3 [Tia= rmias-—sialias] 1aao o.o =
ol | sasaHES=TeS o | Z€fhcE protedirnm [Muas masoalias] 1aa-r o. o =
re¥f | XE ODlo=9S=s317F a4 FREDICTED: Similar 4o =inc Eingeor homeodo. . - 1aos o. o =]
= Ff | ==& OO0 =1 2= 070 - 1 | PRPEDICTEID = = T finge)’: orme odd orm= G =3 [LT= = .- - - A= e= i R - | EE
ref | xE _S553= a0 1| EEED T TED - similar Tto =inc finmnger homeodomai . . - 1==o [ =1 =
ermin | CcaeE = oe 0 o 1| TMammiamed protein prodiact [Tetracdorn mdigr o-rir-idi=] A== 1 o. o
ref | XE_O0l1=mvre=s 01| EREDTOTED: Similar o =inc finger homeodo . o o 1=== o.o =
el | e oy oA | mmamed protein produact [Tetracdon nbigrowirzidis=] 1=15 o’o
ref | e azmso=s . = | FREDC I OTEL = sdrmilar o =hinme— Einger homecodomad o - - 1os= o. o =]
re¥f | XE_ _O0Dl===z=oa . a ) FREDICTED: Similar 4o =inco— Eingeor homeodo. . - 1oaw o. o =3
Al | Eeasil=aen0 7 o 1| TMammamed protein prodiact [Homo sS=apdieris] as= o .o =
agb | EDraoioa= . 1| =imnme Ffinger homeodomain 4 (predicted:) [Fatitii= . _ . = =0 [ =1 =2
Al | BeoilsSae6 . 1| Gnmnamed protein product [Homo Sapiecns=] S0 s [ =
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NCBI BLAST use — infer evolutionary tree

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

m Aligning Multiple Protein Sequences? Try the COBALT Multiple Alignment Tool. _Go

Tree view for RID: 9W93CFS701N, query ID: Icl|81716, database: nr

Tree method Max Seq Difference Cistance
Fast Minimum BEwvoelution = | % 0. 85 w |8 Grishin (proteind |

n [Nevick Fornat v

[¥*] Show distance

rectangle slanted radial force W
Hide Color Map Show removed sequences

Mouse over an internal node for a subtree or alignment

@ PREDICTED: im:¥ 14 504 5 [Danio rerio]
@ PREDICTED: zinc finger homeadomain 4 Masniopyaia auteds] Sequence Label |Sequence Title [1f awailable)] = | U

* 2 PREDICTED: similar to zinc finger homeodomain 4, [Monodelphis domestica
“r PREDICTED: zinc finger homeobo 4 [Equus caballus]
o 5 & 4@ PREDICTED: zinc finger homeobox 4 isoform 5 [Bos tauris] Collapse Mode Blazt Hame | Sl
. <A birds | 2 leavres
o= rodents | € leaves
T primates | 5 leaves
PREDICTED: similar to zine finger homeodomain 4 [Canis femiliaris] BlasHuames[eolodnvap
=1 bony fishes | 2 leaues -unknown
= nemectodes | + leaes primates
GH2401 3 Drosophila gimshawi i
- ] 2 & GF19021 Drosephila ananassae carnivores
@ @ unnamed protein product e, [ odd-toed ungulates
& = GK13603 Drosophila willistoni - Py
& atbfi [Aedes aeaupti]
& @ PREDICTED: similar to Zinc finger homeabos protein 5 (2ine finger homeodomain protein 31 (2FH 31 (alpha - monotremes
Y @ zth4, putetdive [Pediculus humanus corporis] - birds
Q o @ FREDICTED: similar to Alpha: fetoprotein enhancer binding protein (4T motif binding factor) (aT-binding 1. =
o FREDICTED: similar to Zinc finger homeobox protein 3 ( Zinc finger homeodomain protein 31 (2 FH- 31 .. - marsupials
conserved hypothetical protein Dnodes scapularis] - bany fishes
lancelets | 2 leaves _ d |
a4 @ PREDIGTED: simila to AT motit binding factor 1 [Stronasocentrots purpuretus gven-toed ungulates
& P PREDICTED: similar to zinc finger homeobon 2 [Bos faurs] lancelets
ZFH =2 protin Homo sapiens]
b Y @ PREDICTED: similar to 2FH 5 [Monodelphis domestica) - bocilles
| ol primates | 2 leawes - bees
* Ll primates | 2 leaes -sea wrekins
= & zine finger homeobox protein 2 [sunthetfic constuct) hid
o ZFHE2 protein Homo sapiens] aphids=
e ] Rechlame: Full= Zinc finger homeobox protein 2; Alttame: Full= Zinc finger homeodoma mites & ticks
. PREDICTED: similax to Zinc finger protein 409 [Canis familiaris] A
T =Y rodents | 5 leaes -IIFE
i retfina zine finger homeodomain protein [Rats nonsegicus] flies
= bony fishes | 2 leaves - nematodes
-3 4 PREDICTED: similar to Alphe: fetopratein enhancer binding protein (AT motif binding factor) (AT-binding franscription factor 11 Ionadelph. - h
Or <3 FREDICTED: similar to Alphe- fetoprotein enhancer binding protein (AT motif binding factor) (AT-binding transcription factor 13 [Gallus. other sequences
- @ PREDICTED: similar fo Alphe fetopratein enhancer binding protein (AT motif binding factor) (AT-binding tanschption factor 1) Dmithor.
o el rodents | 7 leanes
carmivores | 2 leaues
@ PREDICTED: similar o AT motif binding fector 1 isoform 1 [Equus caballus]
primates | 2 leaves
TOo04+E,human, <
primates | + leaves 3 1




NCBI BLAST use — construct families

Conserved
Domains

9Es  w
FewSearch [ COD Home [ FLbMed Frotein Structure [ Toa=onomy [+
Conserved domains on [Icl272382] SHOW COMCISE DISFPLAY |

Local query sequence

phical summ

1 san 1000 1500 Zonn ZS00 2TFES

Huery seq.
specificz DNA bass conbacts Jy Jh DNA bBindins =ite Jpill

DNHA binding site Jully specific DMA base conbacts Jdy b
=pecific DHA base comtacts Jy Ay
=peacific DNA base conbtacts J J4 DNA bindinag =ite Ji

DHA bBindina site Jull

AT
Specific hits
Hon—specific HO H= Hezra H=
hits ham o hacos b
Superfanilies Eod < <m| <

Hulti—donains

Search for similar domain architectures | Fefine search |

List of domain hits

Description Pssmild [ ulti-dom E-wa
[+ codDO0SS, homeodomain, Homeodomain, OMNA binding domains involved in the transcriptional regulation of kew... 25970 no Se-
[+ codO0SS, homeodomain, Homeodomain; OMNA binding domains involved in the transcriptional regulation of kew. .. 28970 no 2a-
[+ codDO0SS, homeodomain, Homeodomain, OMNA binding domains involved in the transcriptional regulation of kew... 25970 no 124
[+H cdOO08sS, homeodomain, Homeodomain; OMNA binding domains involved in the transcriptional regulation of ke, 28970 no 1=
[+] pfamOO0045, Homeobox, Homeobo= domEin 109115 no 2e=-
[+] pfamO0045, Homeobo=, Homeobo= DomEin 109115 no 52—
[+] pfamOO0045, Homeobox, Homeobo= domEin 109115 no T1=-
[HsmatO0zs9, HOX, Homeodamain 1228571 no 2e2-
[HsmatO0zs9, HOX, Homeodomain 1228571 no ae=-
[HsmatO0z3s89, HOX, Homeodamain 1228671 no d=-
[Hsmar03ge, HOx, Homeodomain 128571 no 1=-
[+ pfamO0045, Homeobox=, Homeobox domain 109115 no Se-
[HCOSS57TE, SOESS7TE, Homeodomaincontaining transcription factar [Transcription] 25135 e 1A
[HCODOESS57E, SOE557E, Homeodomaincontaining transcription factor [Transcription] 25135 wES Se
[HCOSS57TE, SOESS7TE, Homeodomaincontaining transcription factar [Transcription] 25135 e S

M COGS57E, COGS57E, Homeodomain-containing transcription factor [Transcription) [ 35135 | wes | S

Blast search parameters

Options: Database: CDD Lowvw complexity filter: yes E-value threshold: 0.010 mMMa=x. hits: 100
Data Source: Live blast search RID = 9WWas3CSWwWEO1M
System: Search creator: newhlast Softvwware: blastp 2.2.20+ Serwvice: rpshlast

References:
Bl pfarchier-Bauer A etal. (20097, "G s pecific funcronal annem fon with e Gensarsed Domam Daembese ", Nudeic Adds Res 57 (D0205- 10
Kl pdarchier-Bauer £, Bryant SH (2004), "G -Seareh : promsm domaein annemmons on hs i ©, Nadeic Acids Res 3232 7-331.
Help | Disclaimer | Write to the Help Desl
PICEL | TR | I 32




NCBI BLAST batch jobs

Batch BLAST jobs

(1) input "batches" of sequences into one form and retrieve
the results

Select a ELAST search page form the main BELAST home page. Mext you can either cut and paste multiple FASTA sequences from a
text file into the main input boe.

Enter Query Sequence

Enter accession number, gi, or FASTA sequence & Clear

Lo GGEEAT O TAA TG T CAT G TGAT T CAGTAC TATCCAGGCCCAGCAGT GLETTTG &
Fsegl

GTGTATCCAGARGCCTTACAGGACACCTTCACT GAAGCCCCAGGCTTCTTCACTTCAGE ch.m
Fsegd

TCTTCTGCCTGRACT CCACTGATGGTCAACGTGEYTECTARTCCCT GAGFHGCAGCCAGAG ¥

« E] -h__J

Or, upload file I Bigwae | 9

Or alternatively, you can use the browse button to import a local file from your computer.
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Stand-alone BLAST

(1) NCBI standalone BLAST

You can retrieve BLAST execute files from NCBI ftp sites
ftp://ftp.ncbi.nlm.nih.gov/blast/executables/

(2) The WU-BLAST


ftp://ftp.ncbi.nlm.nih.gov/blast/executables/

BLAST use — command line

BLAST use
(1) Make a formatted database to use

execute command : formatdb (xdformat for WU-BLAST)

input: fasta format sequences (database sequences)
output: formatted database , used by BLAST program



xdformat: create a WU-BLAST database

Purpose: produce databases for BLAST in XDF (eXtended Database Format) from one
or more input files in FASTA format; or report XDF databases to standard output
in FASTA format.

Create a database:
xdformat [-p|-n] [options] fadb
xdformat [-p|-n] —o xdbname [options] fadb. ..

Append sequences to an existing database:

xdformat [-p|-n] —a xdbname [options] fadb...

Report the contents of existing database(s) to stdout in FASTA format:

xdformat [-p|-n] —r [options] xdbname. ..

Describe the contents of existing database(s):

xdformat [-p|-n] —i xdbname. ..

Verify the integrity of existing database(s) :
xdformat [—p|-n] -V xdbname. ..



BLAST use — command line

BLAST use
Carry out BLAST program

execute command : blastn, blastp

input: fasta sequences (query sequences), database, parameters
output : resulted alignment file



Blastn parameters

BLASTN 3. 0PE-AB [2009-10-30] [linux26-x64-132LPF64 2009-11-17T18:52:53]

Copyright (C) 2009 Warren R. Gish. All rights reserved.
Unlicensed use, reproduction or distribution are prohibited.
Advanced Biocomputing, LLC, licenses this software only for personal use

on a personally owned computer.
Reference: Gish, W. (1996-2009) http://blast.advbiocomp. com

Notice: this program and its default parameter settings are optimized to find
nearly identical sequences rapidly. To identify weak protein similarities
encoded in nucleic acid, use BLASTX, TBLASTN or TBLASTX.

Usage:
BLASTN database queryfile [options]

Valid BLASTN options: E, S, E2, S2, W, T, X, M\, N, Y, Z, L, K, H, V and B
-matrix <matrix—name> use the specified scoring matrix (default matrix is
computed from M=+5 N=-4):; be sure to consider changing the
default gap penalties when using a non—default scoring

system
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Blastn parameters

—Q <s» penalty score for a gap of length 1

-R <s> penalty score for extending a gap by each letter after the first
—top search only the top strand of the query

-bottom search only the bottom strand of the query

-mformat <n>[,outfile] specify alternate output format(s) (default 1)
-msgstyle <n> specify alternate informatory message style (default 0)
—filter <method> hard mask the query using the specified method (e.g.,

" " " " " " " " " "

seg", "xnu", "ccp", "dust" or "none")
—lcfilter hard mask lower case letters in the query sequence
—lcmask soft mask lower case letters in the query sequence

—topcomboN <n> report this number of consistent (colinear) groups of HSPs
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PART II inside into BLAST
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Mathematic model of sequence alignment

Alphabet of biological sequence
» Nucleic acid sequence
{A,T,C,G}
» Amino acid sequence {A,S,G,L,K,V,T,P,E,D,N,I,Q,R,FY,C,H,M,W}

Operation of sequence alignment
» Match (A,A)

» Replace (A,T)

» Delete (A, -)

» Insert (-, A)



Mathematic model of sequence alignment

How to define similarity between two sequences?

Distance

» Hamming distance
Mismatch number of two sequences with same length

» Edit distance
Operation number for one sequence transforming to another

ATCGGGCTACTG
ACCGGCTACTGA
AAT  AGCAL  AGCACACA
L = Tak  ACATR ACACACTA

i
1

ATy T AT Cr -
AT - GEFC T ACT A

Hararrang Distance(s, t)= 2 3 A Edit distance 3



Mathematic model of sequence alignment

How to quantify the distance

Scoring
Simple scoring function

(Match(A, A)=1
Substitution(A, T) = 0
Delete(A, -) = Insert(-, A) =-1

.

Matrix for scoring
Matrix for nucleic acid sequence alignment

Matrix for amino acid sequence alignment



Mathematic model of sequence alignment

NH, o
. . N”'l N\) HN | hi)
Matrix for nucleic ac Ny \ urines S :
(1) equivalence matrix adenine A - G guanine
(2) BLAST matrix A‘ ”A
(3) transition-transversion n
Transversions Transversions
A |T |C |G
A |1 |0 |0 |O v‘ )-Y
T |0 |1 |0 |O TI\‘HE C Transitions T 0
XN NH
C 100 110 (\/K pyrimidines | /g
G |0 |0 [0 |1 N~ 0 N ©
cytosine thymine
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Mathematic model of sequence alignment

Matrix for amino acid sequence alignment

(1) identity matrix
(2) Point accepted mutation matrix (PAM)

(3) BLOSUM matrix



Mathematic model of sequence alignment

PAM70
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PAM1=substitution matrix for aas mutation rate of 1%
PAM2=PAM1*PAM1

PAMN=PAM1"n



Clustering proteins with similarity above a certain threshold,
then the substitution rates were counted from the multiple
alignment

BLOck Substitution Matrix: BLOSUM



Mathematic model of sequence alignment

BLOSUM 62
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Algorithm of BLAST

Motivation
(1) Speed up search process, reduce executive time
(2) effectively decrease store space

Feature
(1) Suit for huge data, especially for biological data
(2) Faster than Smith-Waterman algorithm



Algorithm of BLAST

» The main idea of BLAST is that there are often high-scoring
segment pairs (HSP) contained in a statistically significant
alignment.

» BLAST searches for high scoring sequence alignments
between the query sequence and sequences in the database
using a heuristic approach that approximates the Smith-
Waterman algorithm

» the BLAST algorithm uses a heuristic approach that is less
accurate than the Smith-Waterman but over 50 times faster.



BLAST — Algorithm Outline

List all words of length W that score at least T when
aligned with the query sequence s

Scan the database DB for seeds, namely words from
the list that appear in sequences of DB

Find High Scoring Pairs (HSPs) by extending the
seeds in both directions. Keep best scoring HSPs

Combine several HSPs using the banded DP
algorithm



Step 1: Listing High Scoring Words
of Length W

Word length W=3

..GSVEDTTGSQSLAALLNKCKTPQGOQRLVNQWIKQPLMDK...

POG 18
PEG 15
PRG 14
High scoring |prc 14
words PNG 13
PDG 13
PHG 13
?Sdg ig Score threshold
PQA 12 T=13

PON 12



Step 2: Extracting Seeds

N\ AN
N NN
N "
AN \ AN .
\ \ \




Step 3: Finding HSPs

t

NN
NOIERENEEN




Step 4: Combining HSPs




BLAST — Notes

Listing words

— Higher T — lower sensitivity, faster execution time
Extracting seeds

— Use hash tables to make the process faster

Finding HSPs

— Only seeds located on the same diagonal with some other
seeds located at a distance smaller than a threshold will be
extended

Gapped alignment

— Will be triggered only for HSPs whose scores are higher than
the threshold



Karlin-Altschul stastitics

If we search two sequences X and Y with a scoring
matrix S;; to ldentify the maximal-scoring segment
palr, and 1f the following conditions hold:

1.

4.

The two sequences are 1.1.d. and have respective
background distributions Py, and P, (can be the
same) ,

The two sequence are effectively “long” or
infinite and not too dissimilar 1n length,

The expected pairwlse score sum_1,] Py(1)Py(J) Sy,
1s negative,

A positive score 1s possible, 1.e.
Px(i)PY(j)SU>O for some 1 and j.

Then Karlin-Altschul statistics tell us:



Karlin-Altschul statistics

® The maximal segment score has the close approximating
distribution:

Prob(S > x) ==1—exp(—K *exp ™)

where K and A are constants that can be calculated
according to

Karlin, S, and SF Altschul (1990), ™“Methods for
assessing the statistical significance of molecular

sequence features by using general scoring schemes”
PNAS 87:2264-68



Karlin-Altschul statistics

® The scores in the scoring matrix are implicitly
log-odds scores of the form:

Sy = log(Q; /(P (NP (1)1 4

where Q;, 1s the limiting target distribution of
the letter pairs (i,3) 1n the MSP and A 1s the
unique positive-valued solution to the equation

> PR (j)e™ =1

® The expected frequency of chance occurrence of
an MSP with score S or greater 1is:

E = KMNe ™



Karlin-Altschul statistics

® Another way to express the scores in the scoring
matrix:

Sij = log b(Qij /(Px (i)PY (1))

where logarithms to some base b are used 1nstead
of Natural logarithms. Then A 1s related to the
base of the logarithms as follows:

Alog_ b =1
® The expected length of the MSP is
E(L)= log(KMN)/H

where H 1s the relative entropy of the target and
background frequencies:

H =>(Q; log(Q; /(P (DR (1))



Karlin-Altschul statistics

The expect score E of a database match 1s the
number of times that an unrelated database
sequence would obtain a score S higher than x by
chance. (The relationship of P-value and E-value)

Px~l-eF

Normalized score for different database search
S’=AS-1ogK
then,

E = MNe™>



Karlin-Altschul statistics

® The “Edge Effect”
M’=M-E (L)
N’=N-E (L)
E’=KM’N’e-AS



Notes about the scores in Blast

 What does a big score mean?

 What you need to know about the scores
— K, A
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