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" Bontans Talk Outline

- Partl
— Blast Similarity Searching Basics:
« Algorithm, Programs, Options
- Statistics and Interpretation
+ General Search Strategy
— Information Retrieval with SRS

. Part2
— ORF translation
— Database searching
— Finding genomic and mapping information
— NCBI, EBI, Celera, Golden Path
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Basic Search Process

- Align query sequence against all database entries
« Score each alignment

« Rank the database entries by score

« Report the most interesting hits

« As you decide what question you are asking, then you will
need to decide which program and database to use.
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Similarity

Statistically significant

Relatedness by some calculated measure
Significant according to some statistical model
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- Blast algorithm

- List of Blast programs

« Program options

« Interpretting the results

- Extreme-value statistics

« Outline of a general search strategy

CRC-CGF Bioinformatics Course, 2002

Y - Blast at NCBI

“ses, Consortium

http://www.ncbi.nlm.nih.gov/BLAST/

[ Adiess [ i #/wansncbi rimr gov/BLAS T/ ]

S Nl BLAST

Pubhted Entrez BLAST Oind Taxonomy Structure

What's NEW in BLAST®
rew March 5th 2002: New database linkouts from BLAST
results. Results of a BLAST search will now link sequences from
the BLAST results page to the NCBI LocusLink and UniGene
databases. Links to additional databases coming soon

INucleotide BLAST 2

s Standard mucleotid leotide BLAST [blastn]
o MEGABLAST
e« Search for shert nearly ezact matches

o Standard protein-protein BLAST [blastp]
« PSI- and PHI-ELAST
e Search for short nearly ezact matches
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Blast Algorithm
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Blast uses pre-indexed databases
— The location of every ‘word’ of each database entry is remembered
To perform a query
Break the query sequence into ‘words’
Scan the database for these ‘words’
(For each “word’ don’t just use the “‘word’, use all similar ‘words’)

Where two non-overlapping ‘words’, within a certain distance of each other
in the query, are matched against a database entry and with no gap required
then this region of the two sequences is called a segment pair

— The segment pair is extended until the score drops by X below its maximum
value

— The score for each database entry is calculated in this way
— Database entries with statistically significant scores are reported
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The BLAST Search Algorithm

query word (/= 3)
Query: GSVEDTTGSOSLAALLNKCKTPQGORLVNOWIKQPLMDINRIEERLNLVE AFVEDAELROTLOQEDL
FQG 18

PEG 15
PRG 14
neighborhood PKG 14
— G 13
words e 13
PHG 13
MG 13 neighborhood
LSS 13 score threshold
FQA 12
FON 12 (T=13)
e,

Query: 325 SLAALLNKCKTPQGQRLVNOWIKOPLMDKNRIEERLNLVEX 365
+L&++L+ TP G R+ +il+ P+ D+ ER  + A
Shjce: 250 TLASVLDCTVTPMGSRMLERNLHMPVEDTRVLLERQOTIGA 330

High-scoring Segment Pair {(HSP)
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Query: 119 EGVDI | | MGSHGKTNLKEI LLGSVTENVI KKSNKPVLVVK 158
EV +Il+ S XK +L LGS V++K+ KPVL++K
Sbhjct: 116 ENVSLI | LPSRGKLSLSHEFLGSTVMRVLRKTKKPVLI | K 155

A C D E F G H-—
4 0

A -2 -1 -2 0 -2 Score =

c |0 .9-3-4-2-3-3 5+0+4+0+2+4+4+2-2
D EEESEEEEE +4+0+6+5- 2+1+4+0
= R +0- 3+0+4+6+4- 2- 2
i " - 2+0+4+2+2+5+1+0
¢ +547+4+4+1+1+5

| = 81

BLOSUM 62

s, "]
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« Lowering the Neighbourhood Word Threshold (T)
allows the search to find more distantly related
sequences

« Raising the value of the Segment Extension Cutoff
(X) allows the search to extend the region that may
be considered as an HSP

- Changing the Expectation parameter (E) does not
change any scores or HSPs, just the score threshold
for reporting
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Blast Programs
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« Nucleotide BLAST

—  Standard nucleotide-nucleotide Blast [blastn] MegaBlast  Search for short nearly exact matches

«  Protein BLAST

—  Standard protein-protein Blast [blastp] PSl and PHI Blast ~ Search for short nearly exact matches
- Translated BLAST Searches
—  Nucleotide query - Protein db [blastx] Protein query - Translated db [tblastn]

—  Translated nucleotide query - Translated db [tblastx]

- Search for conserved domains
—  Search the Conserved Domain Database using RPS-Blast
—  Search by domain architecture [CDART]

- Pairwise BLAST

— Blast 2 sequences
« Genomic BLAST pages

- Human, Mouse, Rat, Fugu, Zebrafish, Anopheles gambiae, Arabidopsis thaliana, Oryza sativa, Microbes
«  Specialized BLAST pages

—  VecScreen, IgBlast, Trace Blast

«  Retrieve results for an existing Request ID
— Retrieve results for an existing Request ID

« JavaScript free BLAST pages
—  Get the Blast home page with JavaScript free links
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PSI-Blast and PHI-Blast
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Position specific scoring matrix

Represents the weighting for each amino acid or nucleic acid to
contribute to the score for an alignment

« Requires a previously constructed multiple alignment

« More sensitive than searching with a single sequence because real
residue distributions at each position are taken into account

CRC-CGF Bioinformatics Course, 2002
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15 226 182(167)

a
c @) 18 32 39 60 21
g
t

24 18 42 42 24 15

229 (36) 179 (35 47 244

A C T A T A A T C G

30 36 45 35 167 18 331
229 226 179 182 167 244 1227
15 36 45 182 47 21 346
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Position Specific Iterative Blast

Generate a multiple sequence alignment from first search pass

Build a position-specific score matrix

Use this construct to search database

Iterate until all significant matches against the PSSM have been found

Profile style search
Only available for protein-protein search
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Sequences produci ng significant alignnents:

Sequences with E-value WORSE than threshol d
pir|| A60706 vascul ar endothelial growh factor -

sp| P49767| VEGC_HUVAN VASCULAR ENDOTHELI AL GROMH FACTOR C PRECU. . .
gnl | PI Dl e1215492 (Y15837) vascul ar endothelial growh factor C ...
sp| P97953| VEGC_MOUSE VASCULAR ENDOTHELI AL GROMH FACTOR C PRECU. . .
bbs| 177252 VEGF- C=32 kda vascul ar endothelial growh factor/Flt...
gi | 2323339 (AF014827) vascul ar endothelial growh factor D [Rat...
gnl | PI D e283242 (X99572) menber of PDGF /VEGT fanily of growh ...
gnl | PI Dl d1025175 (DB9630) VEGF-D [Honmp sapi ens] >gi|2879834|gnl . ..

gnl | PI Dl e4974 (X00560) B chain fragnment (aa 3-71) (7 is 2nd bas...
bbs| 85194 (S85224) vascul ar endothelial growth factor; VEGF 206...
gi | 3139081 (AF062645) vascul ar endothelial growth factor 183 [H...
gnl | PI D e1309800 (Y15921) COL1Al and PDGFB fusion transcript [H. ..
gnl | PI D e293780 (Y08643) COL1Al and PDGFB fusion transcript [Ho...
gi | 3133495 (AF062644) vascul ar endothelial growth factor [Rattu...

guinea pig (fr...

PSI-Blast output

(bits)

396
384
381
290
255
255
255

40

Val ue

e-109
e- 106
e- 105
8e-78
2e-67
2e-67
3e- 67

8e- 17
9e-08
3e-07
4e- 06
5e- 06
7e-05

0.016

sp| P22762| GLHA_MACMJ  GLYCOPROTEI N HORMONES ALPHA CHAI N PRECURSO. . .
gi | 332625 (J02396) v-sis transforming protein p28 [Sinian sarco...

38 0.048
37 0.14
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« What does a motif look like?

PHI Blast Motifs and Patterns

WSXWS
G-X(3)-[LIVMF]-x(2)-[GSA]-[LIVMF](2)-G-C-x-[GA]-
[STA]- x(2)-[EG]-x(2)-[CWN]-[LIVM](2)
C-x-[GNQ]J-x(1,3)-G-x-C-x-C-x(2)-C-x-C

CX[GNQ] GXCXCXXCXC (C~rCC)

CRC-CGF Bioinformatics Course, 2002
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Pattern Hit Initiated Blast
Define an amino acid pattern (WSXWS)
- Only Blast search against database entries containing that pattern

« Tests for similarity including and around the defined motif, i.e. segment
pairs must include the defined motif

- No motif - No hit
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Blast Program Options
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¥ it Program Options

Search in one organism or division

Options for advanced blasting \

Linut by extre
auers | ot select from] (none) E

Chooge filtes [ Low complexity T Human repeats T Mask for lockup table only ™ Mask lower case

/" Y

Filter out sutsize [177]
non-specific Othgf adbranced [ .G 8 -y 25 -W 8-q -4 \
sequences ~ / \

Change the word size used to Change the score threshold at
generate matching segments which hits are reported
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isplay the PSSM
rather than the
alignment

Format

Show ¥ Graphical Overview M Linkow M NCEL g Alignment o] in |HTML = rormat

»
P Humber of

Show no more

than this many 1

Pairwise
Fairvice

Limitsecults by |query-anchored with identiie
. enirez query |query-anchored withoutidenfies none} ||
hits it queny-anchared with idenies
Espectwatue [lat query-anchored withouticfniiies
HitTable

e
Layout: [Toro Windows 2] Fommatting op\sns on pags with resulis
Control the display | = Fewerd
of alignments \

Include links to other databases
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1 1 at gct ggt cat ggcgecccgaaccgt cct cct get get ct cggeggecct ggecct gace 60
402303 1 60
8571981 1 60
22871 1 60
493158 1 60
8886026 1 60
3643696 1 60
7958605 1 60
187820 1 60
8571993 5 60
184122 1 60
454779 2 36
2384743 1 60
32184 1 60
1827489 1 60
1399310 5 59
1261809 1 60
187693 11 67
187680 3 51
22884 1 60
22880 1 60
6746370 1 60

Flat query-anchored with identities

CRC-CGF Bioinformatics Course, 2002
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Interpreting Blast Output

CRC-CGF Bioinformatics Course, 2002

13



Robert Flegg, VBC
Database Searching and Finding Genes, Part 1

September 2002

CRC-CGF Bioionformatics Course

ot 5 «
#**"., Victorian
ee**" Bioinformatics
e, Consortium

Graphic Summary |
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Graphic Summary I

Color Key for Alignnent Scores
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TTHY_CHI CK TRANSTHYRETI N PRECURSCOR ( PREALBUM 280 8e-75 137 150
TTHY_CROPO TRANSTHYRETI N PRECURSCOR ( PREALBUM 263 1le-69 125 150
CAA61120 S.scrofa nRNA for transthyretin 207 7e-53 100 144
BAB31352 Mius nuscul us adult nal e kidney cDNAl-1. .. 206 2e-52 102 149
TTHY_HUVAN TRANSTHYRETI N PRECURSCR ( PREALBUM TT. . . 203 8e-52 100 150
BAA77579 Xenopus |aevis nmRNA for transthyrete cds 183 8e-46 91 151
AAC26108 Sparus aurata transthyretin precursNA, ... 156 1le-37 77 143
AAA40709 Rat transthyretin gene, exon 4 69 3e-11 32 34
AAD14937 Honmp sapi ens transthyretin (transthne, ... 52 3e-06 22 44

AAC33718 Sal nonella dublin regulatory protein (copR) 49 3e-05 34 107
AAF34358 Hystrix africaeaustralis SP7702 transthyret 39 0.032 20 31
AAA36784 Human thyroxi ne binding preal bumin exon 4 32 3.2 15 17
AAB64289 Zea mmys translation initiation factor .. 31 9.4 15 56

CRC-CGF Bioinformatics Course, 2002
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>enb| AL0O08726. 2| HS337018 Human DNA sequence from ... on chronpbsone 20q12-13.1,
Length = 86080
Query: 1364 ag gttcccaccgacaagcccct cget gecttcaccatgttctcce 1423
I|||I|||||I|||||I||I||I||I||I||I||I||I|||||I|||I|I|||I|I|||I
Shjct: 70761 ag t cccaccgacaagcccct cget geccttcaccatgttctccec 70820

Query: 449 aggt cgcccagagcaat ttt gaggcccttcaagatttcttccgectctttccggagtaca 508

Shj ct: 65119 aggtcgcccagagcaattttgaggcccttcaagatttcttccgectctttccggagtaca 65178

Query: 63 agt gt cct gggcgt cccgaggcgaggcagecccccgaccaggacgagat ccagecgectccc 122
IIIIIIIIIIIIIIIIIIIIIIIIIII|||||||IIIIIIIIIIIIIIIIIIIIIIIIII

Shj ct: 64021 agt gt cct gggcgt cccgagge 64080

Query: 952 caggggat aaagt gcgcat ggannnnnnnt gcaccaacacaaca 1011

Shj ct: 67387 caggcact gct gcgct caggggat aaagt gcgcat ggaccccccct gcaccaacacaaca 67446

CRC-CGF Bioinformatics Course, 2002
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Statistics and Blast

CRC-CGF Bioinformatics Course, 2002

ot " &
.,-"' Victorian

Statistics

**es, Consortium

- The Blast program looks to find the highest-scoring segments of local
similarity between the query sequence and database entries.

- If the query sequence and database entries are strings of random letters
then the distribution of these maximum scores has an Extreme Value
Distribution

- This is different to the distribution of the scores from all of the segments
of local similarity between a query and a database

- Biological databases consist of very many sequences unrelated to the
query and maybe a few that are, so the Extreme Value Distribution is a
good approximation of the scores we find when database searching

CRC-CGF Bioinformatics Course, 2002
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Extreme Value Distribution

E Knme-AS

Type 1 Extreme Value Distribution

A4
=t

Function PDF

-
=
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Random Variable X
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Statistics

Blast uses the extreme value distribution to approximate the statistical
significance of scores found in the real search of a biological database

Given a score, one can calculate the number of entries that would be
expected to attain that score or better, aligning a random query against a
random database

The E value is the number of high-scoring segment pairs that would be
expected to achieve the given local similarity score given the random
sequence - random database model

NOT - the probability that the query and database entry are not
biologically related

CRC-CGF Bioinformatics Course, 2002
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TTHY_CHI CK TRANSTHYRETI N PRECURSCOR ( PREALBUM 280 8e-75 137 150
TTHY_CROPO TRANSTHYRETI N PRECURSCOR ( PREALBUM 263 1le-69 125 150
CAA61120 S.scrofa nRNA for transthyretin 207 7e-53 100 144
BAB31352 Mius nuscul us adult nal e kidney cDNAl-1. .. 206 2e-52 102 149
TTHY_HUVAN TRANSTHYRETI N PRECURSCR ( PREALBUM TT. . . 203 8e-52 100 150
BAA77579 Xenopus |aevis nmRNA for transthyrete cds 183 8e-46 91 151
AAC26108 Sparus aurata transthyretin precursNA, ... 156 1le-37 77 143
AAA40709 Rat transthyretin gene, exon 4 69 3e-11 32 34
AAD14937 Honmp sapi ens transthyretin (transthne, ... 52 3e-06 22 44

AAC33718 Sal nonella dublin regulatory protein (copR) 49 3e-05 34 107
AAF34358 Hystrix africaeaustralis SP7702 transthyret 39 0.032 20 31
AAA36784 Human thyroxi ne binding preal bumin exon 4 32 3.2 15 17
AAB64289 Zea mmys translation initiation factor .. 31 9.4 15 56
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General Search Strategy
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o Bt Blast Searching

- Start by deciding which program and database will give the
best information
« Pick a search program

— What type of sequence is the query, nucleic/protein - short/long -
cDNA/genomic?

— PSI-Blast gives very sensitive protein searches

. Pick a database

— Are you looking for a protein match or genomic/mapping
information?

CRC-CGF Bioinformatics Course, 2002
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" B Blast Searching

« Pick the right search parameters
— Use the default parameters to start with
— Be prepared to try different scoring matrices, word lengtiis, gap
penalties and extension cut offs
@— Changing the E value will affect how many hits are regorted but not
the score of any database hit
- Interpret the output according to your biological knowledge
5E A BE ONE R

«f/ You can run Blast on your own PC if you have a local
database of interest

CRC-CGF Bioinformatics Course, 2002
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Things you never see
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