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Aim of lecture

* Why align sequences?

* How are sequences aligned to each other?
— Variants
— Limitations

e Basic understanding of common tools for
— Similarity search
— Multiple alighnment




Outline

Sequence analysis

— Homology/similarity

Basics of sequence alignment

— Global vs. local

— Computing/scoring alignments
* Substitution matrices

Similarity search

— BLAST

Multiple alignment

— ClustalW

Sequence analysis

Sequence analysis
— Inferring biological properties through
* Similarity with other sequences
* Properties intrinsic to the sequence itself
e Combination
Sequence analysis often (always?) includes
sequence alignment

Sequence alighment methods fundamental
part of bioinformatics
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Sequence analysis

* Why aligning sequences?
— Similarity in sequence - similarity in function
— Similarity in sequence - common ancestry
* Homology = similarity due to shared ancestry
— Similar - important
* Selective pressure

Sequence analysis

Orang-Utan Schwein Tapir
Handslelette von Saugetieren

R Radius S_lpeiche), U Uina (Elle), A-G, Cc, P Knochen des Carpus (Handwurzel): A Scaphoideum ?\‘ahnhein?, B Lunare
(Mcmdbeingj rique\rumédre\eckiges Bein), D Trapezium (groBes vieleckiges Bein), E Trapezoides (Kleines vieleckiges Bein),
F Capitatum (Kopfbein), G Hamatim (Hafénbein), P Pisiforme (Erbsenbeirt), Cc Centrale Carpi, M Metacarpus (Mittelhand).

Die Zahlen 1-5 bezeichnen die Finger (1 Daumen, 5 kleiner Fingerﬁ‘




Sequence analysis
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Sequence analysis

e Similarity # homology
— Similarity = factual (% identity)
— Homology = hypothesis supported by evidence
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Sequence analysis

Similar due to Similar due to...
inheritance wh...other factors

Sequence analysis

e Similarity # homology
— Similarity = factual (% identity)
— Homology = hypothesis supported by evidence

e ... butin many cases, similarity is the only tool
we have accessible

* Need a measure of the significance of the
similarity
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Basics of sequence alignment

e Global vs. local alignment
— Global

* Assumes sequences are similar across entire length

— Local

* Allows locally similar sub-regions to be pinpointed
— Introns/exons
— Protein domains

Global FTEFTALILLAVAV
F--TAL-LLA-AV

Local FTFTALILL-AVAV
——-FTAL-LLAAV-—

Basics of sequence alignment

* Which one is correct?

Global FTEFTALILLAVAV
F--TAL-LLA-AV

Local FTFTALILL-AVAV
——-FTAL-LLAAV-—
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Basics of sequence alignment

e Which one is correct? Global FTETALILLAVAY
F-—-TAL-LLA-AV
- BOth? Local FTFTALILL-AVAV
—-—-FTAL-LLAAV——

— None?

— In sequence alignment, you get what you ask for

Basics of sequence alignment

e Other types of alignment

wgs read 1

- G|Oca| _m_+over\ap

wgs read 2

* Overlaps in shotgun sequencing

— Structural
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Basics of sequence alignment

e Computing alignments
— Dynamic programming
— Needleman — Wunsch (global alignment)
— Smith — Waterman (local alighment)

— For a given pair of sequences and a scoring
scheme, find the optimal alignment
* Several may exist

Basics of sequence alignment

e Scoring alignments

— Simple example ATGC AGTC
e Match =+1
e Mismatch = -1 ATGC _ O
F Gap=- AGTC
A T G C
A +1 -1 -1 -1
T4 a1 a4 a| ATEC 1
G 1 -1 +1 1| A-GIC
c -1 -1 -1 +1




Basics of sequence alignment

e Scoring alignments
— Simple example
* Match=+1
* Mismatch =-1
* Gap=-2
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ATGC AGTC
ATGC  _
AGTC

ATG-C _ 1
A-GTC -

Basics of sequence alignment

* In sequence alignment, you get EXACTLY what

you ask for

— Heavily penalized gaps = less gaps in alighnment
— Heavily penalized mismatches - more gaps in

alignment
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Basics of sequence alignment

e Substitution matrices
— DNA scoring mostly straightforward

— More clever scoring for protein sequences

* Biochemical properties

— Lower penalties for substitutions into amino acids with similar
properties

— Low penalty for isoleucine(l) = valine(V) subsitution — both
hydrophobic
* Observed substitution frequencies

— Multiple alignments of proteins known to share ancestry
and/or function

Basics of sequence alignment

e Common substitution matrices
— PAM
— BLOSUM

e BLOSUM®62 most widely used

— Default in BLAST

— Recent paper discovered bug in BLOSUM®62...
e ...but buggy matrix performs “better”!
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Basics of sequence alignment

e Gap penalties

— Gaps generally considered to cause greater
disruption of function than mismatches

— Gap open penalty
— Gap extension penalty

e What matrix to use?

BLOSUM 45 BLOSUM &2 BLOSUM 90
PAM 250 PAM 1860 PAM 100

More Divergent — Less Divergent

Similarity search

e Premise:

— The sequence itself is not informative; it must be
analyzed by comparative methods against existing
databases to develop hypothesis concerning
relatives and function.

— Abundance of biological sequence data forbids
extensive searches

* All nucleotides/amino acids in query sequence cannot
be compared to all aa:s/nt:s in database

* Fast searches are achieved using methods that trade off
sensitivity for speed and specificity
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Similarity search

* General approach:

— A et of algorithms (e.g. BLAST) are used to compare a query
sequence to all the sequences in a specified database

— Comparisons are made in a pairwise fashion

— Each comparison is given a score reflecting the degree of
similarity between the query and the sequence being compared

¢ The higher the score, the greater the degree of similarity

— Alignments can be global or local (BLAST: local)

— Discriminating between real and artifactual matches is done
using an estimate of probability that the match might occur by
chance

 Similarity, by itself, cannot be considered a sufficient indicator of
function

Similarity search — BLAST

BLAST

— A set of sequence comparison algorithms introduced in
1990

— Breaks the query and database sequences into fragments
("words"), initially seeks matches between fragments

— Initial search is done for a word of length "W" that scores
at least "T" when compared to the query

* using a given substitution matrix

— Word hits are then extended in either direction in an
attempt to generate an alignment with a score exceeding
the threshold of "S“

— "W" parameter dictates the speed and sensitivity of the
search
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Similarity search — BLAST

The BLAST Search Algorithm

query word (W= 3)

Query: GSVEDTTGSQSLAALLNKCKTPQGQRLVNQWIKQPLMDINRIEERLNLVEAFVEDAELRQTLQEDL

neighborhood
words

neighborhood
score threshold
(T=13)

Query: 325 SLAALLNKCKTPQGQRLVNOWIKQPLMDKNRIEERLNLVEX 365
+LA#++L+ TP G R+ +i+ P+ D + ER  + A
Sbjcc: 280 TLASVLDCTVTPMGS RMLERWLHMPUVRDTRVLLERQOTIGA 330

High-scoring Segment Pair (HSP)

Similarity search — BLAST

Scoring
— Unitary matrix used for DNA
¢ Only identical nucleotides give positive score
— Substitution matrices are used for amino acid alignments
e BLOSUM®62 is default
* Non-identical amino acids may give positive score
Gaps
— Gap scores are negative
— T:e presence of a gap is ascribed more significance than the length of
the gap

¢ Asingle mutational event may cause the insertion or deletion of more than
one residue

 Initial gap is penalized heavily, whereas a lesser penalty is assigned to each
subsequent residue in the gap

* No widely accepted theory for selecting gap costs
¢ Itis rarely necessary to change gap values from the default
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Similarity search — BLAST

* Significance of hits
— P value

¢ Given the database size, the probability of an alignment
occurring with the same score or better

* Highly significant P values close to 0

— Expectation value

e The number of different alignments with equivalent or
better scores that are expected to occur in a database search
by chance

* The lower the E value, the more significant the score
— Human judgment

Similarity search — BLAST

e BLAST at NCBI
— http://blast.ncbi.nlm.nih.gov

BLAST Assembled Genomes

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

0 Human 0 Oryza sativa 0 Gallus gallus
o Mouse 0 Bos taurus 0 Pan troglodytes
o Rat O Danio rerio o Microbes

=] =] =]

Arabidopsis thaliana Drosophila melanogaster Apis mellifera
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Similarity search — BLAST

e BLAST at NCBI
— http://blast.ncbi.nlm.nih.gov

Basic BLAST

Choose a BLAST prograrm to run

nucleotide blast

p hlast

Search a nucleotide database using a nucleotide query
Algorithms: blastn, megablast, discontiguous megablast

Search protein database using a protein query
Algonthms: hlastp, psikhlast, phi-blast

blastx | Search protein database using 2 translated nucleotide query

thlastn | Search translated nucleotide database using a protein guery

thlastx | Search translated nucleotide database using a translated nucleotide query

Similarity search — BLAST

e BLAST at NCBI
— http://blast.ncbi.nlm.nih.gov

Specialized BLAST

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

oo Eooooooan

Search trace arc s
Find conserved domains in your sequence [cds)

Find sequences with similar conserved domain architecture {cdar)
Search sequences that have gene expression profiles (GEQ)
Search immunoglobulins {lgBLAST)

Search for SNPs (snp)

Screen sequence for vector contam on (vececreen)

Align twio sequences using BLAST (bl2seq)

Search protein or nucleotide targets in PubChern BioAssay

5/27/2008
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Similarity search — BLAST

e BLAST at NCBI
— http://blast.ncbi.nlm.nih.gov

BLAST Search database nr using Blastp (protein-protein BLAST)
[Jshow resutts in a new window
¥ Algorithm parameters
General Parameters
Max target 100~

sequences
4 Selectthe maxmum number of aligned sequences to display &

Short queries &

Automatically adjust parameters for short input sequences &
Expect threshold  [;5 @

Word size 3w @

Scoring Parameters

Matrix BLOSUMGZ v | &
Gap Costs Existence: 11 Extension: 1 | &/
Compositional Conditional compositional score matrix adjustment « | €

adjustments

Multiple alignment

* Why align multiple sequences?
— Determine evolutional relationship between
sequences - species
* Phylogenetics
— ldentify domains
* PWM:s
— Pinpoint functional elements

* Highly conserved amino acids among more divergent
ones - catalytic activity?
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Multiple alignment

e Multiple alignment algorithms
— Finding optimal alignment is very time consuming
* Exponential complexity
— Approximations and heuristics used for speeding
up
* Heuristics: "rules of thumb", educated guesses,
intuitive judgments or simply common sense (from
Wikipedia)
* Progressive alignment

- GIGO

Multiple alignment — ClustalW

e Basics of progressive algorithm
— All sequences are compared to each other
pairwise
— A guide tree is constructed, where sequences are
grouped according to pairwise similarity

— The multiple alignment is iteratively computed,
using the guide tree

5/27/2008
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Multiple alignment — ClustalW

o N e
p wwn »
g

s
sz § ——— —
* w S ——— —

Multiple alignment — ClustalW

Heuristics

— Individual weights are assigned to each sequence in a
partial alignment in order to down-weight near-duplicate
sequences and up-weight the most divergent ones

— Amino acid substitution matrices are varied at different
alignment stages according to the divergence of the
sequences to be aligned

— Residue-specific gap penalties and locally reduced gap
penalties in hydrophilic regions encourage new gaps in
potential loop regions rather than regular secondary
structure

— Positions in early alignments where gaps have been

opened receive locally reduced gap penalties to encourage
the opening up of new gaps at these positions
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Summary

e Know your parameters
— Defaults are good choices in most cases
— However, be aware of what they mean
— You get what you ask for

Sequence analysis tools

* EMBOSS

— Suite of tools for various analysis tasks

e ORF finding, alignment, secondary structure
prediction...

* http://www.ebi.ac.uk/emboss/

* http://emboss.sourceforge.net/
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Sequence analysis tools

* ExPASy

— Comprehensive collection of protein analysis
webtools

— http://www.expasy.ch/

Sequence analysis tools

e EBI SRS
— One-stop shop for sequence searching to analysis
— http://srs.ebi.ac.uk/
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