Mini Courses

BLAST Quick Start

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

e Introduction
- Words & extensions

Search Basics
e Programs
e Databases
e Submit a search
e Interpret the results
e BLAST options
e Format options
e Examples
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Basic Local Alignment
Search Tool

Compare protein or nucleic acid sequences to
protein or nucleic acid databases

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

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

Total number of g

SPLITD ——

200,000/day
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Basic Local Alignment
Search Tool

» breaks the query sequence into “words

e local alignments; isolated regions of

similarity

e fast and sensitive

e word matches to database sequences

are extended in both directions
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Seq 1

Seq 2

Seq 1

Seq 2

Global vs Local Alignment

e

| Global alignment

AN
| Local alignment
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Global vs Local Alignment z
w
=
Seql: WHEREISWALTERNOW (16aa) 2
Seqg2: HEWASHEREBUTNOWISHERE (2laa) g
Global
Seql: 1 W-—HEREISWALTERNOW 16
W HERE
Seq2: 1 HEWASHEREBUTNOWISHERE 21
Local
Seql: 1 W-- 5 Seql: 1 W--HERE| 5
W HERE W HERE
Seq2: 3 WASHERE| 9 Seq2: 15 WISHERE] 21
How BLAST Works z
@®
=
1. Make lookup table of “words” for query

2. Scan database for hits

3. Extend alignment both directions
- Ungapped extensions of hits (initial HSPs)
- Gapped extensions (no traceback)

- Gapped extensions (traceback - alignment

details)




Nucleotide Words

Make a lookup table based on the word size.

11-mer

ATGCTGCTAGTCGATGACGTAGCTA

ATGCTGCTAGT
TGCTGCTAGTC
GCTGCTAGTCG
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Protein Words

AIEKCYTGCTLAQEADDTA

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

CYT

Lookup table, including neighborhood words, is

based on word size, score matrix, and threshold.
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NCBI Minicourses

Scoring Systems - Proteins (BLOSUMG62)

1_.VA
41_.V
71__1__Y
JqNea=

5?__?__00_|

IEK: keep LEK?
(threshold = 11)

IEK = 14
LEK =12
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NCBI Minicourses

— GCTGCTAGTCG —>

Word Hits & Extensions
Nucleotide: one exact match
ATGCTGCTAGTCGATGACGTAGCTA

Protein: two matches within 40 residues

AIEKCYTGCTLAQEADDTA

<GIDK=—> <—EAD—>




BLASTP Summary z
o
@
example query words =
y | d s
Query:  IETVYAAYLPKNTHPFLYLSLE I SPOQNVDVNVHPTKHEVHFLHEESILEV.. §
HFL 18 b
HFV 15 ]
HFS 14
HWL 13
NFL 13 Neighborhood
DFL score threshold
10 1p=n
Query 1 IETVYAAYLPKNTHPFLYLSLE ISPQNVDVNVHPTKHEVHFLHEESI 47
+E YA YL K F+YLSL +SP+ +DVNVHP+K VHFL+++ |
Sbjct 287 LEETYAKYLHKGASYFVYLSLNMSPEQLDVNVHPSKRIVHFLYDQEI 333
| Drop-off score = I
Highest score - current score
-X X dropoff value for gapped alignment (in bits)
blastn 30, megablast 20, tblastx 0, all others 15
BLASTP Summary z
o
®
4example query words %
Query:  IETVYAAYLPKNTHPFLYLSLE ISPQNVDVNVHPTKHEVHFLHEESILEV... §
g
172}
Neighborhood
score threshold
T(H =11

Query 1 IETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHFLHEESI 47
+E YA YL K F+YLSL +SP+ +DVNVHP+K VHFL+++ 1

Sbjct 287 LEETYAKYLHKGASYFVYLSLNMSPEQLDVNVHPSKRIVHFLYDQEI 333
High-scoring pair (HSP)

@ Gapped extension with trace back

Query 1 IETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHFLHEESI-LEV.. 50
+E YA YL K F+YLSL +SP+ +DVNVHP+K VHFL+++ I + +
Sbjct 287 LEETYAKYLHKGASYFVYLSLNMSPEQLDVNVHPSKRIVHFLYDQEIATSI.. 337

Final HSP




BLAST]

Search Basics

» Programs

- Databases

- Submit a search

- Interpret the results
- BLAST options

- Format options

- Examples
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BLAST Programs

S What is your goal?

blastn nucleotide X nucleotide
blastp protein X protein

6 frame, translated nucleotide searches

blastx nucleotide X protein
tblastx nucleotide X nucleotide
tblastn protein X nucleotide
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Word Size

Trade-off: sensitivity vs speed

Too fast for
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More BLAST Programs

MegaBLAST
- batch nucleotide queries
- very similar sequences

Discontiguous MegaBLAST
- batch nucleotide queries
- divergent sequences

Word Size

28

11 matches
out of 18
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Templates for Discontiguous Words

1101101101101101
1110010110110111
1111101101101101
1110110110110111
101101100101101101
111010010110010111
101101101101101101
111010110010110111
100101100101100101101
111010010100010010111
100101101101100101101
111010010110010010111

W =11, t = 16, coding:

W =11, t = 16, non-coding:
W =12, t = 16, coding:

W =12, t = 16, non-coding:
W =11, t = 18, coding:

W =11, t = 18, non-coding:
W =12, t = 18, coding:

W =12, t = 18, non-coding:
W =11, t = 21, coding:

W =11, t = 21, non-coding:
W =12, t = 21, coding:

W =12, t = 21, non-coding:
W = word size; # matches in template

t = template length

Reference: Ma, B, Tromp, J, Li, M. PatternHunter: faster and more sensitive homology

search. Bioinformatics March, 2002; 18(3):440-5
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BLAST

Search Basics

e Programs

- Databases

- Examples

- Submit a search

- Interpret the results
- BLAST options

- Format options
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Nucleotide BLAST Databases

3
- nr(nt - chromosome g
- Traditional GenBank Divisions - NC genomic records g
- NM_ and XM_ RefSeqs . gss g
- refseg_rna - GSS division
- NM_, XM_, NR_ . pat
- refsegq_genomic - PAT Division
- NC_,NT_, NG_ . wgs
- est - wgs entries from
- EST Division traditional divisions
- htgs - pdb
- HTG division - Nucleotide sequences
- dbsts from structures
- STS Division - env_nt
- environmental samples
New Nucleotide Databases ]
= BLAST g
Home  Recent Results  Saved Strategies  Help §
1 NCBU BLAST) blastn suite: BLASTN programs search nucleofide databases using a nucleotide query. more... %
]

Enter Query Sequence

Enter accession number, gi, or FASTA sequence &/ Clear Query subrange &
A —
e A — Human
Jab Title | Refseq_genomic +
Enter a descriptive title for your BLAST sear refseq rna NOW

Default db!!!

Choose Search Set

Database @ Human genomic + transcript € Mouse genomic + transcript € Others (nr etc ):
Human genomic plus transcript B e

Entrez Query I |

Optional

Enter an Entrez query to limit search &)
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New Nucleotide Databases

stn suite: BLASTN programs search nucleotide databases using a nucleotide query.

mare...

r Query Sequence

ad file

1se Search

e

cession NuN senomic

Other Databases

plus Transcript
Human genomic plus transcript
Mouse genomic plus transcript

Mucleotide collection (nr/nt)

Reference mRMA sequences (refseq_ma)
Reference genomic sequences (refseq_genomic)
Expressed sequence tags (est)

Mon-human. non-mouse ESTs {est_others)
Genomic survey sequences (gss)

High throughput genomic sequences (HTGS)
Patent sequences(pat)

Protein Data Bank (pdb)

Hurman ALU repeat elements (alu_repeats)
Sequence tagged sites (dbsts)
Whole-genome shotgun reads (wgs)

Environmental samples (env_nt} ranscript

Human genomic plus transcript L*]

Query subrange &)

) E—

C Others (nretc))
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Protein BLAST Databases

Protein

e nr

traditional GenBank records
refseq =NP_, XP_
swissprot

pdb

pat

env_nr

nr#£nr

S9SINO2IUIN | 9DN
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BLAST Databases: Genome-specific

Genomes

Human, mouse, rat, chimp,
cow, pig, dog, sheep, cat
Chicken, puffer fish, zebrafish
Fly, honey bee, other insects
Microbes, environmental
samples

Plants, nematodes

Fungi, protozoa, other

eukaryotes
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Genome-specific: Map Viewer

(‘ )
S NCBI

Genomic Biology Genome Taxonomy

ﬁ\

Entrez BLAST

Help

Search | Select Group or Organism -

Gol
E Vertebrates
Mammals
Bos taurus (cow) Build 3.1
Bas taurus (cow) Build 2.1
Caris familiaris (dog)
Felis catus (cat)
Home sapiens (human) Build 38
Horno sapiens (human) Bulld 35
Macaca mulatta (rhesus macague)
Mus muscuius (mouse) Build 36
Pus rruscuius (mouse) Build 35
Qwis arfes (sheep)
Pan troglodytes (chimpanzee)
Rattus norvegicus (rat)
Sus serofa (pig)
Other Vertebrates
o, M . Danio reng-(zebrafishi. "
vy A e et L T R S

jfor I

Switch to Graphical View

3 Plants Search all plant maps

Aeqitaps tauschil

Aeqilops umbeliulata

Allitrn cepa (onion)

Arabidopsis thaliana (thale cress)
Avena sativa (oat)

Beta vulgarls (beet)

Brassica junces (Indian mustard)
Brassica napus (oilseed rape)
Brassica nigra (black mustard)
Brassica oleracea

Brassica rapa (field mustard)
CapsicUm annuum

Eragrostis tef (tef)

Gliycine max (soybean)
Haordelrn valgare (barley)

Lotus japonicus (lotus)

3 AST. Marifiot g_s_cuﬂe:nt_a\(cqgsava)

S9SINO2IUIN | 9DN
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= BLAST

Home  RecentResults Saved Strategies Help
N—

Save your
searches

»NCEBI/ BLAST Hol

etween biological sequences. more...

Choose a sP or list all genomic BLAST databases
o Human o Oryza sativa o Gallus gallus
o Mouse o Bos taurus o Pan troglodytes
o Rat o Danio rerio o Escherichia coli
o Arabadopsis thaliana o Drosophila melanogaster o Apis meilifera
Basic BLAST

Choose a BLAST program to run

Search a nucleotide database using a nuclectide query

nucleotide blast
e Algorithms: blastn, megablast, discontiguous megablast

Search protein database using a protein query

protein blast t : h
Algorithms: blastp, psi-blast, phi-blast

blastx | Search pretein database using a translated nucleotide query

thlastn | Search translated nucleotide database using a protein query

thlastx | Search translated nucleotide database using a translated nucleotide query

Specialized BLAST

Choose a type of specialized search (or database name in parentheses.)

o Search trace archives with within species or among species
. ]

What'’s
New?

Hews

BLA = now available
he new release includes a
new engine for blastall,
changes to statistical
parameters, and bug fixes
2005-12-06 11:55:00

BLAST 2.2.14 now available
BLAST release 2.2 14 offers
auniversal binary for Mac 08
X and improved
DEI‘IDI’IT\EHCE on some
platforms.

2006-06-07 12:05:00

More BLAST news...

Tip efthe Day

Checking PCR Primers

Afrequent use of
nucleotide-nucleotide BLAST
is to check the specificity of
aligonuclectides for
hybridization in PCR. The
goal is usually to make sure
that the primers will give a
unique product from the
target genome or cONA
ponAion.Bacanse Bl AST

~ S A

BLAST

Search Basics

Programs

Databases

Submit a search

Interpret the results
BLAST options
Format options

Examples

sasINodIUIN | gDN
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Setting up a BLAST Search

Home RecentResults = Saved Strategies Help

mi

NCBI/ BLAST/ blastp suite: BLASTP programs search protein databases using a protein gue

P Identifier or sequence

Enter accession nunw Clear

nz_o3zzad B

Title

S9SINOJIUIN |9ON

Oruploadfile [ ] _/

|NF'_EISEEEId:thED box BS [Mus musculus] [
| Enicraagecscipive tie 107 your BLAST Search )
T Select database

Choose Search Set

Database Mon-redundant protein sequences |

Non-redundant protein sequences (nr)

Reference proteins (refseq_protein)
Organism Swissprot protein sequences(swissprot)
Optional Patented protein sequences{pat)
Protein Data Bank proteinsipdb)
Environmental samples{env_nr)

ouse O Custom_
n &

1

Entrez Query
Optional

Sotor an Dot oo be licolt coho

= BLAST

Home RecentResults Saved Strategies Help

» NCBI BLAST/ Formatting Results - 41Z6F6C012 Formatting options

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

Putative conserved domains have been detected. click on the image below for detailed results.
1 s Lig 150 200 0 269

e e e ———

WAITING

Request [D HZ6F6COM2

Status Searching

Submitted at Thu Mar 22 00:36:54 2007

Current time Tue May 8 18:42:35 2007

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

for protein queries




Default Output

Graphic Overview
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Distribution of 65 Blast Hits on the Query Sequence
IN M_001255 Homo sapiens COC20 cell division cycle 20 homolog (S. ¢.. S=3172 E=0
Color key for alignment scores
<4 0-50 80-200
auer] I I I I I
0 300 600 900 1200 1500
g N = S == I

Summary Table z
W
=
3,
[}
Distance tree of results MNEW g
Score §

Sequences producing significant alignments: [(Bits)

HE homeo kox BS [Mus musc
zimilar to Homeokbox protein Hox-

PREDICTED: similar to Homeobox protein Hox-

homeckbox B5 [Homo sapiens] >»ref|XP_001

1 PFREDI
unnamed protein product [Mus muscul
>ob | AAW48484. ..

gimilar to homeokox protein [Mono

homeo box BS [Gallus gallu

Hoxb-5 [G = gal

homeodomain protein [Danio rerio] >enmb

CRR3I1Z...
homeo kox BS5a [Danio rerio] »sp|P0%014|HXBSA4...
Hoxb-5 [Pelodiscus sinensis]

FRELT gimilar to homeo box protein B...

homeo kox BSk [Danio rerio]

meokbox protein [Danio re
womeodomain protein [Megalokbrama amblycephalal
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Sequence Label @& Max Seq Difference @

ilSequence Title (if available) |D.?5 -

Alignment View - pairwise -
®
=

E homeodomain protein [Danio rerio] g

1 [ zr 21 gene product [Danio reri %
®
»
Score = , Expect = : Composition- based stats.
71%), Positives (81%), f27 [4%)
29
Sbjct 1 ]
Query 690 AREKPSLSSPSD 119
6l 117
120 QATPAS-—--—— SSI-..‘IF""_ ‘"S"LLP———Ei_:T 171
Sbjct 118 T 177
Query 172 231
Sbjct 237
232
238

BLAST Output — tree view s

(@)

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

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

Show removed sequences Hide C

radial force Show distance

@ homeoba profein [Pefromyzon marinus]
© Homeobow profein Hox D5
PREDICTED: hypothetical
FREDICTED: similar to homeo bow C 5 [Canis familiaris]
=] PREDICTED: similar fo homeobox C5 [Rathus nonsegicus]
PREDICTED: similar to homeobow C5 [Rathus notvegicus]
B qhomeoboH CE [Homa sapiens]
<+ PREDICTED: similar to homeobow © 5 [Pan troglodytes]
ﬂhomeohoH protein
@ Unknown (protein for MGC:1 54454] [Henopus laeviz]
& HomeoboH Dmmn How &5
*HO XA S [Gorilla gorilla
@ Homeobox profein Hom- 45 (How-1.31
=] G?Homeo i &5 [hius musculus]
bt bt 45 [Hus musculus]
unnamed protein praduct [Mus musculus]
3 HOXAS [Lemur catte]

g @ PREDICTED: similar to Homeabox protein How 45 (Hows 1.3) (M2) [Ratus nonvegicus]

(& HO®AS [Lagothris legotricha

o

PREDICTED: similar to Homeobox profein How &5 (Hos- 1.3 (2 [Canis familiaris]
@ homeobor A5 [Homo sapiens]
ahomeo box 45 [sunihetic construct
2 T FHO WA S Homo sapiens]
? PREDICTELD: similar fo Homeobow protein How 45 (How- 1,51 (W21 izo form 2 [Macaca mulatz]
90.- PREDICTED: hopothetical protein isoform 1 (Pan froglodutes]
7 PREDICTED: similar to Homeobow protein Hose A5 (How 1,51 (2] isoform 1 (Macacs mulats]

Mouse over an internal node for a subtree or alignment

Blast names color ma

| |mamma|s
P primates |
- marsupizls

- birds

- turtles

- amphibizns

B othersequence: |
- sharks and rays

- lamprays
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New Output View

43CZKJFRO14

| View report I [ Show results in a new window

show [Eignment[§]  as [ATIC IDA:I I

Alignment View I Pairwize

vanced View

Display Graphical Overview Linkout Sequence Retrigval O ncBkgi

WMazsking Character: I Lower Caze

Mazsking Color:

Limit results  Descriptions: 100 [ Graphical overview

oolBl  aignments: | 100 &l

Entrez query: |

Organism  Type common name, binomial, taxid, or group name. Only 20 top taxa will be shown.

Expect Min: | Expect Max: | |

Format for [] PsLBLAST with inclugion threzhold: I:I

Reset form to defaults

S9SINOJIUIN | gDN

New Output View

Results can be

Transcript &

sorted

Sequences proeducing signi
(Click headers to sort columns)

enomic hits
es: M unicene 0B cEo L g

separated

NT 0226977.8 Hemo saplans chromosome L gel
NW 921351.1 Homo sapiens chromosome 1 gel

428 | 3002 95%: Se-117 100%
428 @ 3010 95% 9e-117 100%

NI _009237 17 Homo sapiens chromosop# 11 g

Functional gene, chr 1

I
)
=

44.1 1% 0.53 100%

Accession Description = Query o = _Max Links
score | score coverage | value  ident

Transcripts
NM 0012351 Homo sapiens CDC20 cell divisio. 2876 = 2876 95% 0.0 97% [EED
XM 5449 Pseudogene, chr 9 40.1 40.1 1% 8.2 100% (GM]|
XM 9330 40.1 40.1 1% 8.2 100% [EI
Genomic sequences [show first] \
NT £22635.17 Homo sapiens chrep 2 O gen 2629 | 2 94% 0.0 100%
NW 924484.1 Homo sapiens chromosome 9 get 2601 2645 94% D.0 100%

TN TN EEIRY, . BEE EERSEEY N B NP NI ¥ o FANSINREP SRS - S v SREGRERY, f Yo S TENREENCPR Y
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Sorting Results

P
(@]
@
=
Resorted by 2
o
Total score s
@
12
Sequences producing significant alignments:
(Click headers to sort columns)
Accession Description FE A EiEl Query E _Max Links
score score coverage value | ident
Transcripts
NM 001255.1 Homo sapiens CDC20 cell divisic 2876 2876 95% 0.0 | 97% [EEN
XM 933013.2 PREDICTED: Homo sapiens chrc 40.1 40.1 1% 8.2 | 100% [EU
XM 944935.2 PREDICTED: Homo sapiens chre 40.1 40.1 1% 8.2 | 100% [EI
Genomic sequences [show first]
MW 921351 1 Homo sapiens chromosorms 1 ge 428 3010 Se-117 100%
NT 032977.8 Homo sapiens chromosoris 1 ge 428 3002 9e-117 100%
NT UZ3935.17 HOMO sapiens chromosome 9 ge 2629 673 U0 | 100%
NW 924484.1 Homo sapiens chromeosome 9 ge 2601 2645 0.0 100%
NW 921807.1 Homo sapiens chromosome 3 ge  44.1 441 0.53 | 100%
ammsams \ Avassd
Functional gene now first
Sorting Hits: by Score s
(@]
@®
B
3,
(o]

0 sapiens chromosome 1 genomic contig, reference assembly

dentity
ject start position

value Score Pe
Query start position

sequence:

Sort by Score:
longest exon
usually first




Sorting Hits: by Query Start

noowun 1 gON

> []ZEE NT 032977.8|Hs1 33153 I] Homo sapiens chromosome 1 genomic contig, reference assembly

Sort aligmments for this subject sequence by:
val Percent identity
Query start position Subject start position

E wvalue Score

Features flanking thi=z part of subject seguence:

6169 bp at 5' side: myeloproliferative leukemia virus oncogene
223 bp at 3' side: cell division cycle 20
Sort by Query start:
Score = 89.7 bits (45), Expect = le-14 Proper exon order
Identities = 51/53 (96%), Gaps = 0/53 (0%)

BLAST

Search Basics

S9SINO2IUIN | 9DN

e Programs
- Databases
- Submit a search m
- Interpret the results
- BLAST options

- Format options

- Examples




Where do Scores Come From?

A
1
-3
3
3

OO-4dH>r

WWwWwkEk w-H
|

Wk WWwOH
|

P WWwwo

Nucleotide search: identity matrix

CAGGTAGCAAGCTTGCATGTCA

It il
CACGTAGCAAGCTTG-GTGTCA

raw score = 19-9* = 10*

* ignhores gap costs

P
(@]
@
=
=]
2
o
=
@
@
12
Sequences producing significant alignments:
(Click headers to sort columns)
Accession Description FE A EiEl Query E _Max Links
score score coverage value | ident
Transcripts
NM 001255.1 Homo sapiens CDC20 cell divisic 2876 2876 95% 0.0 | 97% [EEN
XM 933013.2 PREDICTED: Homo sapiens chrc 40.1 40.1 1% 8.2 | 100% [EU
XM 944935.2 PREDICTED: Homo sapiens chre 40.1 40.1 1% 8.2 | 100% [EI
Genomic sequences [show first]
NW 921351.1 Homo sapiens chromosome 1 ge¢ 28 3010 95% 9e-117 100%
W1 _U37977.8 Homo sapiens chromosome | 0] 428 3002 TSy ge-117 100%
MT 023935 17 Homo s ns chrom 2 O ge) 2629 2673 i Q.0 10(
MY 024484 1 Homo sapiens chramosome 9 ge 2601 2645 0.0 L1005
NW 921807.1 Homo sapiens chromosome 3 ge  44.1 44.1 1% 0.53 100%
P
. . o]
Scoring Matrices @
B
=
2
o
c
@
®
0

21



Scoring Matrices

Protein search: substitution matrix

e Percent Accepted Mutation (PAM)

e Blocks Substitution Matrix (BLOSUM)

S9SINOJIUIN |gDN

PAM Matrices

- global alignments of closely related proteins

« PAM1 calculated from sequences with no more

than 1% divergence

» Other PAM matrices are extrapolated from PAM1

- Examples: PAM30 and PAM70

S9SINO2IUIN | 9DN
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BLOSUM Matrices

« local alignments

« all matrices based on observed alignments; not
extrapolated

* BLOSUM 62 calculated from sequences with no
more than 62% identity

» Examples: BLOSUM45, BLOSUM62 and BLOSUM80

* BLOSUMG62: very good for detecting weak protein
similarities

e BLOSUMG2 is the default matrix in BLAST

S9SINOJIUIN |gDN

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

S9SINO2IUIN | 9DN
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Substitution Matrices

A Provisional Table

Query Length  Substitution Matrix

<35 PAM30

35-50 PAM70

50-85 BLOSUMS80

>85 BLOSUMG62

BLOSUM &0 BLOSUM 62 BLOSUM 45

PAM 1 PAM 120 PAM 250
Less divergent == > More divergent

Position-Specific Score Matrix

Serine/Threonine protein kinases
catalytic loop

K_H
F] [0 B G0

—————————— GITHRDYEPENILLDFE-———
DAF-1 nggsle kMﬂaHRD ' IM————
—————————— GIIHRDYEPSNIVVES-———-—
P —————————— ATRAHRDYKEENILVEK———-
P AMAHRDEEEN IMVED————
Q- GVIHRDYEPENILINe————
P————————- AIAHRDIEEENILVEK———-—
T-———====== PLIHGDIEPANILLDO————
P——————=——= PIVHRDYEEPNLLYVDK-————
Womm PVIHRDYKFNNILLLgpies

S9SINOJIUIN |gDN
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Position-Specific Score Matrix

2
(@]
w
<
A RNDTZG CO QEGHILKMFPSTWYV 5
43K -1 0 0-1-2 3 0 3 0-2-2f1}2-1-1-1-1-1-1-2 53
436 E 010 2-102-10-1-1000-10 0-1-1-1 2
437 s 00-101 101 10-100202 0-1-10-1 Q
438 N -1 0-1-1 1 0-1 3 3-1-1 -1 0 0-1-1 1 1-1 7}
439K -2 1 1-1-2 0-1-2-2-1-2|5]1-2-2-1-1-2-2-1
440 P -2-2-2-2-3-2-2-2-2-1-2-1 0-3 7-1-2-3-1-1
441 A 3-21-20-101-2-2-20-1-2 3 1 0-3-3 0
442 M -3-4-4-4-3-4-4-5-47 0-41 0-4-4-2-4-1 2
443 A 4 -4 -4 -4 0-4-4-3-4 4-1-4-2-3-4-1-2-4-3 4
444 H -4-2-1-3-5-2-2-410-6-5-3-4-3-2-3-4-5 0-5
445R -4 8-3-4 0-1-2-3-2-5-4 0-3-2-4-3-3 0-4-5
446D -4-4-1 8-6-2 0-3-3-5-6-3-5-6-4-2-3-7-5-5
: 4471 -4-5-6-6-3-4-5-6-5 3 5-5 1 1-5-5-3-4-3 1
catalytic | 25« 0 0 1-3-5-1-1-3-3-5-s8 [7]-4 -5 -3 -1 -2 -5 -4 -4
Ioop 449 s 0-3-2-3 0-2-2-3-3-4-4-2-4-52 6 2-5-4-4
450 K 0 3 01-50 0-4-1-4-3/4}]3-2 2 1-1-5-4-4
451 N -4-3 8-1-5-2-2-3-1-6-6-2-4-5-4-1-2-6-4-5
4521 -3-5-5-6 0-5-5-6-5 6 2-5 2-2-5-4-3-5-3 3
453 M -4 -4 -6 -6-3-4-5-6-50 6-5 1 0-5-4-3-4-3 0
454V -3-3-5-6-3-4-5-6-5 3 3-4 2-2-5-4-3-5-3 5
455K -2 1 1 4-5 0-1-2 1-4-2|4]-3-2-3 0-1-5-2-3
456 N 113 0-4-11 0-3-4-4 3-2-5-2 2-2-5-4-4
457D -3-2 5 5-1-1 1-1 0-5-4 0-2-5-1 0-2-6-4-5
458 -3-1 0-3 0-3-2 3-4-2 3 0 1 1-2-2-3 5-1-3
Where do Expect Values Come From? Z
H (@]
@®
B
3
2
o
c
5
1%
[0]
0
Sequences producing significant alignments:
(Click headers to sort columns)
Accession Description e A Uil Query E _Max Links
score score coverage | value [ident
Transcripts
NM 001255.1 Homo sapiens CDC20 cell divisic 2876 2876 95% 0.0 |97% [MEEI
XM 933013.2 PREDICTED: Homo sapiens chro 40.1 40.1 1% 8.2 100% [GM|
XM 944935.2 PREDICTED: Homo sapiens chre 40.1 40.1 1% 8.2 [00% [0
Genomic sequences [show first]
NW 921351.1 Homo sapiens chromosome 1 ge 428 3010 95% Se-117 f100%
NT 032577.8 Homo sapiens chror me 1 ge|] 428 3002 85% Ge-117 J100%
MT 023935.17 Homo sapiens chromosome © ge 2020 2673 GA4Y, 0.0 100%
MW OOAAC i | | SO ardens o watatirfatanl G STk 6545 (57,147 00 £ (304
44845 £ g 1 4 4 : 2
NW 921807.1 Homo sapiens chromosome 3 ge  44.1 44.1 1% 0.53 [100%
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Expect Value
E = number of database hits you expect to find by chance, > S

E=Kmne?*S or E=mn2¥

K = scale for search space

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

n = database length

S9SINOJIUIN |gDN

E is dependent on m x n (search space)

More info: The Statistics of Sequence Similarity Scores

E is dependent on m x n (search space)

Score = 30.2 bits (15}, Expect 19

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

FEEEEErrrrrrnnd
Sbjct 40347983 GTAGCAAGCTTGCAT 40347597

Short query =
low score Lhigh Expect
~_ 1

/

CAGGTAGCAAGCTTGCATSTCA
HE e et raw score = 19-9 =

CACGTAGCAAGCTTG-GTGTCA

10

More info: The Statistics of Sequence Similarity Scores

SaSINOOIUIN | FDN
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BLAST]

Search Basics

S9SINOJIUIN |gDN

» Programs

- Databases

- Submit a search

- Interpret the results
- BLAST options

- Format options

- Examples

Initial Options

I 190N

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

Entrez query: | A

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

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

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

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

27



General Parameters

Max target |— z
sequences Select the maximum number of aligned sequences to display &) g
q <
Short queries Automatically adjust parameters for short input sequences & g:
]
Expect threshold [*] %
b
Word size |— @
Advanced Options
Scoring Parameters
Matrix | BLOSUMEZ 5] ©
Gap Costs |Existence 11 Extension 1 Y
Compositional |Cnmpositiun—hased statistics L4
adjustments
Filters and Masking
Filter [0 Low complexity regions
Mask [ Mask for lookup table only &
[0 Mask lower case letters &
Search Basics z
w
B
3,
8
c
g
e Programs s
- Databases
- Submit a search
- Interpret the results
- BLAST options
- Format options
- Examples

28



BLAST Output: Alignments & Filter

190N

Number P23367
Length=756

positives, from score
matrix

Score = 218.935 bits (55%), Expect = 8.711
Identities = 1204131 (%91%), Positives = 125

puery 1 IETYYAARY LPENTHPFLYLSLEISPONVDVNVHPT
IETVYAAYLPENTHPFLYLSLEISPONVDVNVHPT
Sbijct 27¢  IETVYARYLPENTHFFLYLSLEISPQNVDVNVHET

ESILE-VQOHIESELL
EESILE VQOHIESKELL
LHEESILERVQOQHIESKELL 335

Query 60 GENSSRMYFTQTLLPGLAGPSGEMVE-stteltsss SDEVYRHOMVRETDSREQKLDA 118
GSNSSEMYFTQTLLEGLAGPSGEMVE +T+ +55++ SDEVYAHQMVRTDSREQELDR
Sbhijct 336 GSNSSRMYFTQTLLPGLAGPSGEMVESTTSLTSSSTSGSSDEVYAHQMVRTDSREQKLDA 3595

Query 119 FLQPLSKPLSS 129 : .
FLOPLOKPLES low complexity sequence filtered
sbict 406

FLOQPLSEPLSS

FMgi|d466462 |gh|AARIT374.1] human homolog of E. coli mutL gene product, Swiss-Prot

Alignment View Options

show [algnment[§] as [ATIL [ adgvane

Alignment View Pairwize

Display jize with dots for identities
Query-anchored with dots for identitiss
Query-anchored with letters for identities

i —anchored with dots for identities
Flat guery-anchored with lstters for identities
Hit Takle

Entrez auerv:|

Limit results

Show
Alignment Wiew

Display

Limit results

[Eignment B 2= [FTiC O Advan
Pairwize

Pairwize with dots for identities
Query-anchored with dotz for identities
Query-anchored with lstters for identities
Flat query-anchored with dotz for identities
Flat query-anchored with letters for identities

S9SINO2IUIN | 9DN
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Alignment View: Flat Query-Anchored

2
. .y (@]
with Identities Z
S
Getselected sequences H Selectall ][ Deselect all H Tree View ]
1 gsy——RDP--AAMH-—-TGSY-————— G 46
il 5550000007 000000-5000000050000000a00 - - ———— 46
1L S oo 00a0c =505 a00 ST L L T Iefeppapupspupupspupupups - - ———— 46
f e e SRR e e et — = — L Lo———— 46
[O11138833 1 ......... — . e e NS E A A == == S a6
Oize4s7i0 1 e mm—em 7
076644496 1 ....vnnn. SSoooo0 S T T T EEpepappupapupnp g - - S ——— a6
057235483 1 ......... T e TS..MN...--..S--8T..-—-8S5..-———— 46
1 e = ooooo —CCoooocococ TS..MN. -—..5--8T..—88..——— . 4¢
= T=y =gy —coooo0 —.-E TS.AMN -—..85--GT..-——88..———— A2 4dg
1 -—-85..-———— 7
e g S oocooo —CCoooocococ TS..AMNASY-..S5--GT..——S5...———— 47
= T=y =gy —coooo0 —Cooooooooc Ts..AMNASY-..S5—-GT..-——8...-———— 47
= - -.8........TNGAMNA. .—..5--TS..—S8..F——— 46
g IS S e=a 88 550 -.5........TNGAMNA. .—..5--TS..——S5. . F——— 46
1 ... IS S e S s S50 -.8........TNGAMNA_. .—..5--TS..—8. . F——— 46
= T=y =gy SSoooo0 =ak]s -—&T.,.-——8..F————— a6
I S o o550 SSoooo0 -.8 --GT.,.-——8..F————— a6
e g S s e a0 So50000 H &--.8..-——8.R.-———- 46
1 e -C..... SELErEr H S--.5..-———5.R.-———— 46
A oo S (TR SRy H - T Pwwwtl-77 3 CUrewwrtrd P 46,
Alignment View: Hit Table 2
(@]
o
-2005] « -
INF_032294.1| homec box BS [Mus musculus] : %
4 o
v id, subject ids, % identity, % positives, alignment length, mismatches, gap § 8
4 =
)
(1]
7]

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

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

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

4.1 7 ' 548176.2| +

94.1] 002138.1;gi|408

4.1 0 230 1 4

e 275 21 S

94.1] 1

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

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

S

ail

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

"
»
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BLAST]

Search Basics

» Programs

- Databases

- Submit a search

- Interpret the results
- BLAST options

- Format options

- Examples

S9SINOJIUIN |gDN

Examples

e Protein searches more sensitive than
nucleotide searches

- redundancy of the genetic code

- blastn, megablast best when searching
within same organism

S9SINO2IUIN | 9DN
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BLASTN vs BLASTP

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

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

CIShow CDS translation

1/

\M

BLASTP

1

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

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

~1dON

BLAST is a shortcut . . .

An alignment BLAST cannot make:

1 GAATATATGAAGACCAAGATTGCAGTCCTGCTGGCCTGAACCACGCTATTCTTGCTGTTG

i e i r il
1 GAGTGTACGATGAGCCCGAGTGTAGCAGTGAAGATCTGGACCACGGTGTACTCGTTGTCG

61 GTTACGGAACCGAGAATGGTAAAGACTACTGGATCATTAAGAACTCCTGGGGAGCCAGTT

11111 O O S RN N NN |
61 GCTATGGTGTTAAGGGTGGGAAGAAGTACTGGCTCGTCAAGAACAGCTGGGCTGAATCCT

121 GGGGTGAACAAGGTTATTTCAGGCTTGCTCGTGGTAAAAAC

I e i i I L1 i
121 GGGGAGACCAAGGCTACATCCTTATGTCCCGTGACAACAAC

Reason:

no contiguous exact match of 7 bp.

S9SINO2IUIN | 9DN
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An Alignment BLAST Can Make

190N

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

7e-77
i

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

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

Query: 885 GASWGEQGYFRLAR-GENQCGIZEDTVYPTI 974

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

8/331 (2%)

Anopheles gambiae mitochondrion, complete genome.

BLASTN vs TBLASTX

ACCESSION NC_002084 GI1:5834911

Homo sapiens mitochondrion, complete genome.

ACCESSION NC_001807 GI:17981852

blastn

Homo sapiens

%

i

Anopheles gambiae

Homo sapiens

tblastx

S9SINO2IUIN | 9DN

k

Anopheles gambiae
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Hands-On

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

S9SINOJIUIN |gDN
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