Introduction to BLLAST with
Protein Sequences

Utah State University — Spring 2014
STAT 5570: Statistical Bioinformatics
Notes 6.2

‘ References

= Chapter 2 of Biological Sequence Analysis
(Durbin et al., 2001)

= http://blast.ncbi.nim.nih.gov/Blast.cqgi

Basic Local Alignment Search Tool

Finds regions of similarity between a query
sequence and a growing database

Breaks query & database into fragments:
(words)

Starts out by aligning fragments, then
extends alignment

Not optimal alignment, but a good heuristic
approach Y

simplified, rule of thumb

Recall FASTA file from pairseqsim library

library (Biostrings)

fl <- "C://folder//ex.fasta" # see slide 20 of Notes 6.1
ff <- readAAStringSet(fl, "fasta")

as.character (££[1])

Atlg01010 NAC domain protein, putative
MEDQVGFGFRPNDEELVGHYLRNKIEGNTSRDVEVAISEVNICSYDPWNLRFQSKYKSRDA
MWYFFSRRENNKGNRQSRTTVSGKWKLTGESVEVKDQWGFCSEGFRGKIGHKRVLVFLDGR
YPDKTKSDWVIHEFHYDLLPEHQRTYVICRLEYKGDDADILSAYAIDPTPAFVPNMTSSAG
SVVNQSRQRNSGSYNTYSEYDSANHGQQFNENSNIMQOQQOPIL.QGSFNPLLEYDFANHGGQWL
SDYIDLQQQVPYLAPYENESEMIWKHVIEENFEFLVDERTSMQQHYSDHRPKKPVSGVLPD
DSSDTETGSMIFEDTSSSTDSVGSSDEPGHTRIDDIPSLNIIEPLHNYKAQEQPKQQSKEK
VISSQKSECEWKMAEDSIKIPPSTNTVKQSWIVLENAQWNYLKNMIIGVLLFISVISWIIL
VG
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,—; BLAST™
Home | Recent Results

Saved Strategies | Help
»HCEl BLAST Home
BLAST finds regions of similarity between hiological sequences. mere...

| [ DELTA-BLAST, a more sensitive protein-protein search 8o

BLAST Assembled RefSeq Genomes

Choose a species genome to search, or list all enomic BLAST databases

o Human o Za saliva
o Mouse o Bos laurus
o Rat o Damio retio

o Arabidopsis Hfraliana

Basic BLAST

Choose a BLAST program to run.

o Drosophiia meianogaster

Gaikes gallus
Pan trogiodytes
Microbes

Apis melifera

We'll start here, with
protein BLAST:

" Search a i using a ide query
nucleotide blast
Algorthms. blastn, megablast, discontiguous megablast (blastp)
A Search protein database using a protein query
protein blast
S Aigorthms: blzstp, psi-blast, phi-blast, delta-blast
blastx ‘ Search protein d using atr query L|nkS to Other
thlastn | Search translated nucleotide database using a protein query funCtlons’ InCIUdIng

bl2seq for pairwise

BLASTP programs search protein dotabases using a protein query. more..,

Enter Query Sequence

paste sequence
here
(or accession /
gi number)

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear QU subrange &

- > From
T
Or, upload file Brows 9 I

Job Title

for querying
specific

Enter a descoptrae bitle for your BLAST search &

"] Align two or more sequences &

Choose Search Set

subsequences

nr database is ——
most general

Database Mon-redundant protein sequences (nr) = &

Organism =
Optianal O Exciuge

Enter arganizm common name, binomial, or tax id. Only 20 top tasa will be shown. &
Exclude
Optional

Entrez Query
Optional

] Models o) £ u

sample

Entar an Entraz quory to limit seacch i

Program Selection
Algorithm & plastp (protein-protein BLAST)

PSI-BLAST (Postfion-Specific lterated BLAST)

PHI-BLAST (Pattern Hit Initiated BLAST)

DELTA-BLAST (Domain Enhanced Lookup Time Accelerated DLAST)
Choase a BLAST algoithen &

thlastx | Searchtr ide d using atr: query . R . 1
alignment (similar to click rLere to start CRET oo 5 e s oo s
. . = .. !Ei. Searc) protein nr) using Blastp (pratein-protein
Specialized BLAST Blostrlngs, but less searc Show results in a new window
useful Output) (ﬂ%
http://blast.ncbi.nim.nih.gov/Blast.cqi . set parameters (next slide) ]
# “significant” (&) Algorithm parameters Job Title: Protein Sequence (429 letters)
matches General Parameters Putative conserved domains have been detected, click on the image below for detailed resuits.
expected just Max target 100 - 1 7 150 225
by chance in Seguentes Select the maximum number of aligned sequences to display & g:::?;::qﬁug
database Short queries Automatically adjust parameters for short input sequences & Superfanilies | NAM superfamily
pect threshold 10 )
fragment SiZES to Request ID JSS5YNJYO1R
Mol 2e 3 -8 i i Stalus Searchin
begin alignments 9
Max matches ina 0 ] Submitted at Fri Mar 21 11:54:38 2014
LA Current time Fri Mar 21 11:55:13 2014

select scoring —

scheme here Matrix

Gap Costs

Compositional
adjustments

Scoring Parameters

BLOSUME2 -~ &

Existence: 11 Extension: 1~ &

Conditional compositional score matrix adjustment ~ &

Filters and Masking

Filter

Mask

[T Low complexity regions &

[T Mask for lookup table only &
[0 Mask lower case letters &

Time since submission 00:00:35

This page will be automatically updated in 10 seconds

Wait for Results

= Large database to search
- time also: “traffic’-dependent

= This can be automated somewhat
(write scripts to deliver & format results)

= Can arrange for e-mail to link of final results




Protein Sequence (429 letters)

RID JSS5YNIYOIR (Expires on 03-22 23:54 pm)

Database Name nr
Description All non-redundant GenBank
translations+PDB+SwissProt
environmental samples from
Program BLASTP 2.2.29+ P (Citation

Query ID Icl[267992
Description None
Molecule type amino acid
Query Length 429

Other reports: P Search Summary [Taxonomy reports] [Distance tree of results] [Multiple alignment]

BlDownload ~ GenPept Graphics ¥ Mext

MAC domain-containing protein 1 [Arabidopsis thaliana]
Sequence |0: FRIMP 1¥1609.1] Length: 429 Number of Matches: 1

& Descriptions

B See 4 more fitle(s)

Related Information
Range 1: 1 to 429 GenPept Graphics

Score Expect Method Identities Positives Gaps
597 bits(2318) 0.0  Cornpositional matrix adjust, 429/423(100%) 429/429(100%) 0/429(0%)

Gene - associated gene
detailz

UniGene - clusterad

Query 28  MEDQVGFCFRINDEELVCHYLENKIECNTSEDVEVAISEVNICSYDIUNLRFQSKYESID 87 expressed sequence tags
. MED(QVGFCFRPNDEELVCHYLENEIEGN TS IDVEVAT SEVNICSYD PUNL RFOSEYESED P q e
) Graphic Summary Shict 1 MELQVGFGFRPNDEELVGHYLENKIEGH TS EDVEVATSEVHICSYD PUNLEFOSEYESED &0 Map Viewer- aligned
) Show Conserved Domains Query 88  AMUYFFSRRENNEGHEQSRTTVECKWELTGESVEVEDQUGFCSECFRCEICHERVLVFLD 147 genemic context
- - : AMIYFFSRRENNEGNRQSRT TVE CEVEL TGESVEVED JWGF CEEGF REKI CHERVLVFLD
conserved have been click on the image below for detailed results. Sbjct £l AMUYFFSRRENNEGNRQSRTTVESCEVELTGESVEVEDUWGFCSEGFRGKIGHERVLVFLD 120
1 k3 150 225 300
Query seq,  Ie———————————————————————— Query 148 GREYPDKTESDWVIHEFHYDLLPEHQRTYVICRLEYKCDDADILSATAIDPTPAFVPNMTS 207
Specific hits CRYPDETKSDWVIHEFHYDLLPEH)RTYWICRLEYKGDDADILEATATIDPTPAFVENMTS
. Sbjet 121 GEYPDRTESDWVIHEFHYDLLPEHQRTYVICRLEYKGDDADILSATAIDFTPAFVPNMTS 180
Superfanilies | NAM superfamily
Query 208 SAGSVVNQSRQENSGEYNTYSEYDSANHGQUFNENSNINGQQPLOGSFNPLLEYDFANHG 267
Vi li SAGSVVNOSROENS GEYNTYSEYD SANHGOQFNENSNIMQOQPLAGSFNPLLEYDFANHG
Distribution of 102 Blast Hits on the Query Sequence & Isualize Sbjct 181 SAGESVVNOSRORNSGEYNTYSEYDSANHGOOFNENSNIMOOOPLOGSFNPLLEYDFANHG 240
|Muu5e over to see the defline, click to show alignments allgnments, Query E68 GOWLESDYIDLOQQWPYLAPYENESEMIWEHVIEENFEFLVDERTSMOQHYSDHRPEKPYVE 327
COWLEDYIDLAGOVPYLAPYENES EMIVEHVIEENFEF LVDERTSMQ JHY SDHRIKEIVE
Color key for alignment scores colored by Sbject 241 GOWLEDYIDLOQQVEYLAPYENESEMIWKHVIEENFEFLVDERTSMQUHTSDHRIEEIVE 200
<40 40-50 50-80 80-200 >=200 score Query 328 GVLPDDSSDTETGEMIFEDTESSSTDSVGSSDEPGHTRIDDIPSLNIIEPLENYEAQEQPE 387
most Query CULPDDSEDTETGSMIFED TESE TDEVESSDER CHT RIDDIPSLNI TEPLHNYEAQEQPE
interested in L 8h 150 240 390 400 ghijct 301 GVLPDDSSDTETGEMIFEDTSSSTDSVGSSDEPCHTRIDDIPSLNIIEPLHNYRAQEQPE 360 We already knew
g . Scroll down Query 3868 QQSKERVISSQKSECEVWKMAEDSIKIPPSTNTVEQSUIVLENAQUNYLENMIIGVLLFIS 447 this one; probab|y
top scoring > . QQSKERVISSIKSECEVEKMAEDE TRIPE S THTVROSWIVLENAQUNY LENNI IGVLLFIS i ;
| or C||Ck on Zhjct 361 QQSKEKVISSQHSECEWEMAEDSIEIPPSTNTVEQSWIVLENAQUNYLENMIIGCVLLFIZ 420 more mterested in
alignments ;
Query 445 VISWIILVG 456 “ ”
a“gnments VISWIILVG other QOOd
to see more Sbijct 421 VISWIILVG 423 alignments
information
9 10
Normalized alignment score links to ‘ 14 d;) 1
Sequences producing sighificant alighments: gene A 1 IOtI 1CT gOO a 1g| 11N Ct It
Select: Al Mone  Selected:0 i . . .
RV .1 info | F1104 5 [Arabidopsis thaliana]
Ai
Sequence ID: gb|AACE2781.1] Length: 310 Number of Matches: 1
) Max  Total Query E | Max .
RS score score | cover walue | ident AecesEln
Range 1: 2 to 281 GenPept Graphics
[ MAC demain-containing protein 1 [Arabidopsis thaliana] =splO0VWYIE 2NACT_ARATH Recl 897 897  94% 0.0 100% MP_171609.1 Score Expect Method Identities Positives Gaps
[T putative MAC domain protein [Arabidopsis thaliana 833 895 94% 0.0 99% BAE9R052.1 137 bits(345) 1e-33 Compositional matrix adjust. 99/323(31%) 155/323(47%) 54/323(16%)
[ T25K16 1 Arahidopsis thaliana 853 853 94% 0.4 92% AAFIBAB0.1 Query 28 MEDOVGF GFREPNDEELVGHY LENETEGHNT SRDWVEVAT SEVNICEYDEWNLRFOSEYKSRD 87
. o o ++D WG+ F B EEL+ HYL+NET +A+E++ ES D
[T AMACO01 [Arabidopsis lyrata subsp lyrata] =gh|EFHES348 1] AMACODT [Arabidopsis lyrata 627 627 94% 00 74% =P_002522083 1 ghict 2 VEDLVGYRFY DT GEELINHY LENK I~ ———————— LALSELI———m—mmmm e ESDD 36
o . o
[T MAC domain-containing protein B9 [Arabidopsis thaliana] =splQ9M126 1NACES_ARATH Re 193 193 93%  2e-52  33% MP_192064.1 Query 88 AMIYFF S RRENNKGNRO- - SRTTVEGENE LT GE 5VEVEDOWGE CEEGE RGEL GHKRVLVE 145
[T hypothetical protein ARALYDRAFT 327634 [Arabidopsis lyrata subsp lyrata] =gh|EFHAST4 180 180 72% 4de-48 37% xP_0028728361 ) TWYFE  +E ++ ETT 232G WE TG ++ED+ G RG+IG K+ LW+
Shict 37 EVITYFEFCPEEYTSAREKEVTERTT 8 3Gy WEAT GVDRETEDK-———— RGHNRGEIGIKETLWY 91
[T Hypothetical protein [Arahidopsis thaliana 125 155 40% 1e-39  45% AACIA3E31
Query 1446 LDGERYPDRTESDWYIHEFHYDLLPEHQRTYVICRLEYRGDDADILSA--YAIDPTPAFVE 203
[T predicled protein [Arabidopsis lyrala subsp. lyrata] =gh|EFHER352 1] predicled protein [Arak 152 152 75% 2e-38 34% xP_002892093.1 +ER P + WV+HE+H LB+ QR YVIC++ YEGHD Dt 8 + 4P+ 4+
Shjct 92 YEGRVEEGVWT EWVMHEYHITCLPQDORNYWVICOVMYEGEDGDWEEGENNESEPEQELVE 151
[T hypothetical protein ARALYDRAFT 357630 [Arabidopsis lyrata subsp. lyrata] >ghlEFH4054 147 147 39% 3e-38 43% #P_002864281.1
[T MAC domain-containing protein 4 [Arabidopsis thaliana] >spl081913.2|NACA_ARATH Rech: 151 151 72% 4de-38 34% MP_171726.2 Query 204 NMTSSAGE QSRORNSGSYNTYSEYDRANHGQQENEN SNIMQOOPLOGSENPLLEYDE 263
D + o+ 4 =0 S +© HNE + L +0 o+t
[0 hynothetical protein ARALYDRAFT_333558 [Arabidnpsis lyrata subsp. lyrata] =qh|EFHESSS 143 143 38%  1e-36  44% #P_002602094.1 Sbjct 152 DENTVRATHPTALEFERPGQENFFG-MSVDDLGT PKNEQEDE8----LUDVLDEDMLESD 206
[ MAC domain-containing protein 5 [Arahidopsis thaliana] >splOB1914 2[NACS_ARATH RecM: 145 145 72% Be-36 32% NP_171727.2 Query 264 ANHEEOWLADYIDLOQOWVEYLAPYENESEMIWEHVIEENFEFLVDER-———---— TEMQOH 316
M+ + Qo P+L P ++4E +HY E E+L SM ++
[T F1104.5 [Arabidopsis thaliana 137 137 68% 1e-33 31% AACEXYA11 Shjct 207 MHNP-—--———- TYHEQAPHLT PNDDEFLGGLEHVNREQVEYLFANEDFISRPTLSMTEN 258
= Go to ali tfor F1104.5 [Arabidopsis thal .
nih‘gowaIastcgi#aIanr_36953J A ENC I [hrsbidopsis thalisral } 1| 11043 [Arabid 126 126 38% Be3D 39% MNP 1920B1.1 Query 317 YSDHRPEKKPVSGVLPDDSSDTET 339
+DHREPEE +38G++ D 55D+ +
- - - Shjot 25% RMDHRPKKALSGIIVDYSSDENS 251
The expected # of sequences to score higher than this one in the
e 11 12

database search, just by chance




‘ Distribution of maximum score

= Think of alignment score as sum of indep. random
variables.

= Then the distribution of this score can be considered
approximately normal. (why?)

= The asymptotic distribution of the maximum M, of a
series of N independent normal random variables is
the extreme value distribution:

P{M, }~ exp(_ K-N .e/t(x-lu))

= Use this to calculate the probability that the best
match from a search of N unrelated sequences has
score greater than our observed largest score S.

E-value of a local, ungapped alighment

Let HSP be a"high -scoring segment pair"

(one of thetop-scoring ungapped local alignments).
Then the expected number of HSP's with scores

of at least Sis the E-value :

E=K-m-n-exp(-1-5), g AS—logK

log 2

Asan aside, the bit scoreis:

where

m = length of query sequence
n = length of database sequence (or length of database, in residues)
K = natural scale for search spacesize

. } depend on g, and s(a,b)
A = natural scale for scoring system

Statistical Significance of an Alignment

X =#of HSP's withscore at least S
X ~ Poisson(E); E[X]=E

P{X =0}=exp(—E)E—:e*E
P{X >0}=1-P{X =0}=1-¢F

Probability of observing a result at least as extreme as what was
seen, just by chance, when the sequences are all unrelated (Null)
= P-value

Still need to look at biological similarity

- Search Parameters
Protein Sequence (429 letters) pe— P
Word size 3
RID J1SSSYMNIYO01R (Expires on 03-22 23:5 Expect value 10
Query ID Icl| 267992 Hitlist size 100
Description MNone Gapcosts 11,1
Molecule type amino acid Matrix BLOSUMG2
Query Length 429 Filter string [F
Genetic Code 1
Window Size 40
Other reports: BSearch Summary [Taxonomy reports] |11 reshold 11
/ Composition-based stats 2
Database
Posted date Mar 17, 2014 4:14 PM
. Number of letters 13,475,590,452
EStImated ValueS f0r )\ & K \ Number of sequences 37,891,398
H = relative “entropy” of target EMAqEem) none
and background residue
frequencies Karlin-Altschul statistics
. . . Lambda 0.314361 0.267
(like the average information = EL T S
available per position to H 0.399222 0.14
distinguish an alignment from Alpha 0.7916 1.9
chance) W Alpha_v 4.96466 42.6028
Sigma 43.6362




Protein Sequence (429 letters)

RID JSSEYNIYOLR (Expwes on 03-22 23:54 pm)

Query 1D k|| 267592 Databa:
Description  Hone D
Mobecule type  aming acid
Query Length 425 l
1

Other reports: ¥ Sgacch Summary [Taxonomy reports) [Distance tree of results] [My

Hide Color Map

Tree method hﬂ.u_Seg Ditterence Distance
~ ~J
Fast Minimum Evolution - &/ 0.85 \ -9 Grishin {protein) ~|ig Sequence label
L / Sequence Title (if available)
@ PREDICTED: protein FELhmcmu/: sinensis) '*)
\ -
A eudicots | 6 leaves \
L A flowering plants | 2 leaves Collapse Mode Blast Name ~
4 \
& ~Meudicots | 24 leavks 2]
\
3 <l eudicots | 17 leaves \ Blast names color map
i o “‘ M monocots | 3 leaves eudicots
\ monocots
4 —leudicots | 6 leaves
unknown

9 “leudicots | 5 leaves
A eudicots | 5 leaves

“l cudicots | 11 leaves

' “\ #hypothetical protein ARALYDRAFT_357630 [Arabidopsis lyrata sub...
@ < eudicots | 10 leavs
2 ) #NAC domain-containing protein | [Morus notabilis|
a < eudicots | 2 leaves
? “ # hypothetical protein EUTSA_v10007665mg [Eutrema sal
? 4 — 2 hypothetical protein CARUB_v 100{9049mg | Capsella rubella)
/3/’ - *ANACOOL [Ar.nbmmci:u\rﬂml:q: lyrata]
( ? Funnamed protein product )
\\\\\ :eudmls\.? leaves ////

Hide Color Map Show removed

‘ Sub-tree

Sequence Label Sequence Title (if avail
(*]

Collapse Mode BlastName ~ &

Blast names color map

Tres methexd (/ﬁ:ﬁo_qa?hqml Distance -
Fast Miimum Evolution = & \_04 - Grishan {protein) - Resot

tectongle  slanted  rodial  forom B Swues over e imtermal rods for 8 subtros of algneen

* ypuothetical prossin ELTSA_y 1000 Seng [ Fastrms aal ssgiscum)]
@ hyestnical peoacsn CARUT_vIO0AMSmg | aqella nabell]
# ANACTON | Arabidopeis fyrata subsp, lyrata|

st protcin peadic

‘ Other resources to consider

= Altschul et al. (1990) “Basic Local Alignment
Search Tool.” Journal of Molecular Biology
215:403-410.

= Mitrophanov & Borodovsky (2006) “Statistical
significance in biological sequence analysis.”
Briefings in Bioinformatics 7(1):2-24

‘ Summary

= BLAST
look at finding global alignment
from smaller, local alignments

= E-value
expected number of better scores
just by chance,
when sequences are not related

= Statistical significance # biological relevance

20




