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Types of alignments

Global Alignment Each letter of each sequence is aligned to a
letter or a gap (e.g., Needleman-Wunsch).

Local Alignment An optimal pair of subsequences is taken from
the two sequences and globally aligned (e.g.,
Smith-Waterman).



Types of alignments

Global Alignment Each letter of each sequence is aligned to a
letter or a gap (e.g., Needleman-Wunsch).

Local Alignment An optimal pair of subsequences is taken from
the two sequences and globally aligned (e.g.,
Smith-Waterman). This tends to be more biologically
relevant.
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Smith-Waterman

The implementation of local alignment is the same as for global
alignment, with a few changes to the rules:
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The implementation of local alignment is the same as for global
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e Initialize edges to 0 (no penalty for starting in the middle of a
sequence)
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Smith-Waterman

The implementation of local alignment is the same as for global
alignment, with a few changes to the rules:

e Initialize edges to 0 (no penalty for starting in the middle of a
sequence)

e The maximum score is never less than 0, and no pointer is
recorded unless the score is greater than 0 (note that this
implies negative scores for gaps and bad matches)
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Smith-Waterman

The implementation of local alignment is the same as for global
alignment, with a few changes to the rules:

e Initialize edges to 0 (no penalty for starting in the middle of a
sequence)

e The maximum score is never less than 0, and no pointer is
recorded unless the score is greater than 0 (note that this
implies negative scores for gaps and bad matches)

e The trace-back starts from the highest score in the matrix and
ends at a score of O (local, rather than global, alignment)
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Timing CLUSTALW

Timing CLUSTALW from the command line:

for i in 50 100 150 200 250 300 350 400 450; do
head —n $i —q G217B_iron.fasta PbOl_.iron.fasta > temp.fasta;
time clustalw —infile=temp.fasta —type=DNA —align;

done
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Timing CLU

Timing CLUSTALW from the command line:

for i in 50 100 150 200 250 300 350 400 450; do
head —n $i —q G217B_iron.fasta PbOl_.iron.fasta > temp.fasta;
time clustalw —infile=temp.fasta —type=DNA —align;

done

The output looks like this:

Sequences (1:2) Aligned. Score: 0
Guide tree file created: [temp.dnd]

There are 1 groups
Start of Multiple Alignment

Aligning. ..

Group 1: Delayed
Alignment Score 7238

CLUSTAL-Alignment file created [temp.aln]
real Om3.400s

user Om3.388s
sys Om0.012s
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Timing CLUSTALW

You can copy the timing results into Excel.
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Timing CLUSTALW

You can t the timing results to a curve in Excel.

y = AxP @
logy = logAxB )
= logA + Blogx 3)

= A'+Blogx (4)
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Timing CLUSTALW

You can t the timing results to a curve in Excel.

y = AP 1)
logy = logAxB )
= logA+Blogx 3)

= A'+Blogx 4)

Here is an R script that does the same thing:

data <— read.csv(”"timings.csv', header = FALSE, col.names = c("t","n"))
x <— log(data$n*80)

y <— log(data$t/60)

f<— Im(y ~ x)

x0 <— 0:40000

a <— exp(f$coeff[1])

b <— f$coeff[2]

pdf(” ClustalwTimings . pdf"”)

plot(data$nx80, data$t/60, xlab = "length/bp”, ylab = "time/minutes”,
main = "CLUSTALW_timings._on_Intel _Core2_.T730002.00GHz, .32bit")

points(x0, a%*x0"b, col = "blue”, type = "1")

legend (" topleft”, c("y—=-(1.8e—9)x"(2.08)"), col = "blue”, Ity = 1)

dev. off ()
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O(MN) time is too slow!

source: ftp://ftp.ncbi.nih.gov/genbank/gbrel.txt

Size/bp

0.0e+00 2.0e+10 4.0e+10 6.0e+10 8.0e+10 1.0e+1l 1.2e+11
1

Dec 1982 Dec 1990 Dec 1994 Dec 1998 Dec 2002 Dec 2006 Dec 2010

Genbank Release
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Basic Local Alignment Search Tool

Why BLAST?

e Fast, heuristic approximation to a full Smith-Waterman local
alignment

e Developed with a statistical framework to calculate expected
number of false positive hits.

e Heuristics biased towards \biologically relevant™ hits.
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Seeding searches

Most of the magic in a sequence-search tool lives in its indexing
scheme

Program | Purpose | Indexing

BLAST Database searching | Target indexing, 3aa or 11nt words
BLAT MRNA mapping Query indexing

BOWTIE | RnaSeq Specialized index for low quality, short
e-PCR Simulated PCR Annealing-oriented index
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BLAST: A quick overview

N\
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BLAST: Seed from exact word hits

N\
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BLAST: Myers and Miller local alignment around seed pairs
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BLAST: High Scoring Pairs (HSPs)

N
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Gapped BLAST: Merge neighboring HSPs
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How fast is BLAST?

@ Nuclegtide BLASTAigh twg,or more seonences usine Al AST,- Mozl Brefox - i o) ix
Ele Edit View History Bookmarks Tools Help

SR LR N1t B M

O NNt 2

BLAST/blasm suite

blasm | blasp | blase

Resetpae Bookmark B i
Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) cle:
To
Or, upload file Ihome/mvoorhie/Projects/CcBrowse
Jon Titte
pive tie for your BLAST search @
¥/ Align two or more sequences &
Enter Subject Sequence

Enter accession number, gi, or FASTA sequence © Clear  Subjectsubrange &

From

To

Or, upload file Ihomejmvoorhie/Projects/Cc| Browse

Program Selection

Optimize for

Highly similar sequences (megablast)
More dissimilar sequences (discontiguous megablast)
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How fast is BLAST?

@

NCBI Blast HeG2178_iran (40000 letters) - Mozila Firefox
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How fast is BLAST?

time bl2seq -p blastn -i G217B_iron.fasta -j PbO1_iron.fasta -e le-6 > temp.blastn

real Om0.342s
user Om0.080s
sys Om0.032s
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The basic flavors of BLAST

Target Protein DNA
Query
Protein | BLASTP | TBLASTN
DNA BLASTX | BLASTN

TBLASTX
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BLASTX: Nucleotide query vs. Protein Database

@ blaste search protein databases using a translated nucleotide query - Mozilla Firefox IRORES

https//blast.ncbi.nim.nih.gov/Blast cgi?PR ST_PR( ET 3 iz of nr nchi

 BMS 270; Practical Bioinfor... €) | 2 blastx: search protein data... €@ | & NCBI Blast:HcG2178 iron (.. €
Exclude Models (XM/XP) | Uncultured/environmental sample sequences

Entrez Query
pional

Enter an Entrez query to limit search

BLAST Search database Non-redundant protein
" | ¥ Show resuits in anew window

(nr) using Blastx (search protein databases using a translated nucleotide query)

¥ Algorithm parameters

Max target
sequences

Expectthreshold |1,
Word size R

Max matchesina [y
query range

Matrix BLOSUM62 §

Gap Costs Existence: 11 Extension: 1§

Filter ¥ Low complexity regions

Mask Mask for lookup table only

Mask loweicase letters.
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BLASTX: Nucleotide query vs. Protein Database

@ NCBI Blast HeG2178_iran (40000 letters) - Mozila Firefox
Fle Edit View History Bookmarks Tools Help

4 P v @ U @ 2| hipiblastncbinimnih.govBlast.cgi «| [+ iron 3,
S BLAST: Basic Local .. €@ || BMS 270: Practical B... € | & blastx: search protei... € | & NCBIBlast:HcG2178... @ Gene Detail Q G217B: HISTO_JGCo.. @ | +

[EEH02750 long chai ay acid Co gase [Ajelamyces capsulaty_S=451 =0 ]

Color key for alignment scores
<40

Query

I
5000 6999

I | I I
10999 12999 14999

@
©
©
@

Govy PRSI GG #7204
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Sometimes it's still worth running locally...

@C NCBI BlastHeG2178_iron (40000 ltters) - Mol Arefox GO
File Fdit \Miew. History Ronk: ks _Tapls, Heln. [
+ of nr nebi LG o v @ O & |2 htpublastncbinimnih.govBlast.cai v

v | £ BLAST: Basic Local Alignme... € | < BMS 270: Practical Bioinfor... € | = blastx: search protein data... @ | & NCBI Blast:HcG2178 iron (... @ | 4

»NCBI/BL T

rch Strategies P Formatting

Edit and Resubmit
© An error has occurred on the server. Please, contact Blast-help @nchinlm.nil.qov
/A Informational Message: [blastsiva.REALJ: Error: CPU usage limit was exceeded, resulting in SIGXCPU (24).

HcG217B _iron (40000 letters)

QueryID Ic2207 Database Hame
NiSSPIOtHPIR+PRF exciuding Description HcG2178_iron Description Allnon-redundant GenBank CDS translations +PDE+S\
Molecule type nucleic acid environmental samples from WGS projects
QueryLength 40000 Program  BLASTX2.2.25+ bCitaion

Other reports: »Search Summarn

¥ Sequence Viewer

S) Done
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Karlin-Altschul Statistics

E =kmne S (5)

S: HSP score

E: Expected number of \random™ hits in a database of this
size scoring at least S.

m: Query length

n: Database size

k: Correction for similar, overlapping hits

A: normalization factor for scoring matrix
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Karlin-Altschul Statistics

E =kmne S (5)

S: HSP score

E: Expected number of \random™ hits in a database of this
size scoring at least S.

m: Query length

n: Database size

k: Correction for similar, overlapping hits

A: normalization factor for scoring matrix

A variant of this formula is used to generate sum probabilities for
combined HSPs.
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Karlin-Altschul Statistics

E =kmne S (5)

S: HSP score

E: Expected number of \random™ hits in a database of this
size scoring at least S.

m: Query length

n: Database size

k: Correction for similar, overlapping hits

A: normalization factor for scoring matrix

A variant of this formula is used to generate sum probabilities for
combined HSPs.

p=1-e F (6)
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Karlin-Altschul Statistics

E =kmne S (5)

S: HSP score

E: Expected number of \random™ hits in a database of this
size scoring at least S.

m: Query length

n: Database size

k: Correction for similar, overlapping hits

A: normalization factor for scoring matrix

A variant of this formula is used to generate sum probabilities for
combined HSPs.

p=1-eF (6)
(If you care about the di erence between E and p, you’re already
in trouble)
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Karlin-Altschul Statistics

Important points:
e Extreme value distribution
e Assumption of in nite sequence length

@ No rigorous framework for gap statistics (hmmer3 tries to |l
this gap)
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e BLAST is very fast, at the expense of not guaranteeing
globally optimal results
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e BLAST is very fast, at the expense of not guaranteeing
globally optimal results

o But the trade-o s that it makes are biased towards
\biologically relevant™ results
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e BLAST is very fast, at the expense of not guaranteeing
globally optimal results

o But the trade-o s that it makes are biased towards
\biologically relevant™ results

e And it provides a statistical framework for evaluating its
results.
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e BLAST is very fast, at the expense of not guaranteeing
globally optimal results

o But the trade-o s that it makes are biased towards
\biologically relevant™ results

e And it provides a statistical framework for evaluating its
results.

e We can, and should, treat our computer work as we would an
experiment:
e Document protocols and observations
e Run positive and negative controls
o Keep results organized and dated
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Homework

e Search your favorite proteins and collate interesting hits in one
FASTA le per query { play with adding informative names
and annotations (we will use these FASTA les tomorrow).

e Play with the BLAST book protocols (chapter 9) on the NCBI
website

e Play with positive and negative controls (including permuted
sequences)
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