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Introduction

Basics




Biological sequences and their meaning

DNA 5" ATG-GCC-TGG-ACT - 3’

Translation

Protein Met - Ala - Trp - Thr @

Exponential growth in known sequences

= doubles approximately every 14 months.
= contains more than 11 billion bases from over 100,000 species

Growth of GenBank
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Sequence & structure alignments
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Topics to be covered

Basis for sequence alignment (1 hr of lectures)
Evolutionary
Structural

Pairwise sequence alignment (2 hrs of lectures)
Why ?
How ?
Example

Multiple sequence alignment (2 hrs of lectures)
Why ?
How ?
Example




Topics to be covered

Searching sequence databases (2 hrs of lectures)
Why ?
How ?
Example.

Other topics (not covered) (5 hrs of lectures)

Pattern /Motif searching

Gene structure prediction

Basis for sequence alignment

Evolutionary
Structural




Evolutionary basis of alignment

Enable the researcher to determine if two sequences
display sufficient similarity to justify the inference of
homology.

Similarity is an observable quantity that may be expressed
as say %identity or some other measure.

Homology is a conclusion drawn from this data that the
two genes share a common evolutionary history.

Evolutionary basis of alignment

Genes are either homologous or not homologous.

There are no degrees of homology as are there in
similarity.

While it is presumed that the homologous sequences have
diverged from a common ancestral sequence through
iterative molecular changes we do not actually know what
the ancestral sequence was.




Evolutionary basis of alignment

Thus an alignment just reflects the probable evolutionary
history of the two genes for the proteins.

Residues that have aligned and are not identical represent
substitutions.

Regions in which the residues of one sequence correspond
to nothing in the other would be interpreted as either an
insertion/deletion. These regions are represented in an

alignment as Gaps.

Evolutionary basis of alignment
Certain regions are more conserved than others - crucial
residues (structure/function)

There may be certain regions conserved but not functionally
related - historical reasons.

Especially, from closely related species- have not had
sufficient time to diverge.




Structural basis for alignment

It is well-known that when two protein sequences have
more than 20-30% identical residues aligned the
corresponding 3-D structures are almost always
structurally very similar.

Overall folds are identical & structures differ in detail.

Form often follows function. So sequence similarity by
way of structural similarity implies similar function.

So the sequence alignment is often an approximate
predictor of the underlying 3-D structural alignment.

Caveat

Computational predictions only suggest - to make a
conclusive case further experimental tests must validate.

Evolutionary relatedness must be confirmed either by -
experimental evidence for evolutionary history or
experimental establishment of similar function.

For structural relatedness the 3-D structures must be
experimentally determined and compared.




Pairwise sequence alignment

Why ?
How ?

Example

Why ?

Basis for other analyses
Inference of protein’s function
Conserved positions - functionally critical residues ?
Structure prediction
Pattern of hydrophobicity - suggests secondary structure
Gap regions - suggest structural loops
Fold prediction, homology modelling
Phylogeny
Experimental Design
PCR primer design
Mutagenesis studies
Detection of previously known motifs




How ?

Classic Needleman-Wunsch algorithm
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How ?

Classic Needleman-Wunsch algorithm
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Common scoring matrices

Based on identities
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Common scoring matrices

Based on observed mutational rates (Dayhoft, 1970’s)
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How ?

Other methods
Align (Dayhoff, early 80’s)
Gap (GCG package)
Smith-Waterman (Smith, Waterman)
Bestfit (GCG Package)
FASTA (Pearson, Lipman)
BLAST (Altschul, Lipman)
HMM methods (Haussler, Eddy)

Etc.

Example — Cautionary tale of Function Inference

The case of human eye lens protein and E.coli metabolic enzyme

Human-2Cr MATGQKLMRAVRYFEFGGPEVLKLRSDIAVPIPKDHQVLIKVHACGVNPVETYIRSGTYS
Beoll-00R  p =eashs MATRIEFHKHGGPEVLQA - VEFTPADPAE‘.NEIQVENKAIGINFIDTYIRSGLYP
; LEEE LS N AR R kR * % .*ti*[ *
Human-2Cr RKPLLPYTPGSDVAGVIEAVGDNASAFKKGDRVETSSTISGGYAEYALAADHTVYKLPEK
Ecoli-QOR - PPSLPSGLGTEAAGIVSKVGSGVKHIKAGDRVVYAQSALGAYSSVHNI IADKAAILPAA
LS Wroa. R Lk A x RREE & i It 50 *k
Human-ZCr LDFKQGAAIGIPYFTAYRALIHSACVKAGESVLVHGASGGVGLAACQIARAYGLKILGTA
Ecoli-QOR 1SFEQARASFLKGLTYYYLLRKTYEIKPDEQFLFHAAAGGVCLIACOWAKALGAKLIGTV
B N R T R
Human-ZCr GTEEGQK TVLQNGAHEVFNHREVNY TDKTKKYVGEKGIDIIIEMLANVNLSKDLSLLSHG
Ecoli-QOR GTAQKAQSALKAGAWQVI NYREEDLVERLKEITGGKKVRWYDSVGRDTWERSLDCLQRR
L I i LI S A R G R ii".
Human-ZCr GRVIVVG-SRGTIEINPRDTMAKES - - - -SIIGVILFSSTKEEFQQYAAALOAGMEIGHL
Ecoli-QOR GLHVSFCNSSGAVTGVNLGILNQKGSLYV’I‘P.PSLQGYITTREELTEASNELFSLIASGVI
RN v/ [ Bt % " 0 v 1 R SRR )
Human-ZCr KPYIGSQ--YPLEKVAEAHENIIHGSGATGKMILLL
Ecoli-QOR KVDVAEQQKYPLKDAQRAHE- ILESRATQGSSLLIP

S L *




Example — Cautionary tale of Function Inference

Appear to share a high degree of similarity.

Should have similar biological function.
Hypothetical statement.

Crystalline: lens matrix of vertebrate eye.

E.coli metabolic enzyme - quinone oxido reductase

Function has changed during the course of evolution.

BE CAREFUL !!

Multiple sequence alignment

Why ?
How ?

Example




Why ?

Basis for other analyses:

All the ones previously discussed for pairwise but with
more subtle information.

Creation of sequence profiles for searching (PROSITE,
PRINTS, PFAM, BLOCKYS)

Deduction of sequence motifs.
Useful for analysing protein family relationships.

A convenient backdrop for annotation summarising
information results of various sequence analysis.

How ?

Progressive alignment approach — e.g. TULLA (Subbiah, 1984)

Create a tree by comparing the most similar sequences step by step.

The two most similar sequences are aligned and then the next two
sequences are aligned that are most similar.

Re-adjust the gaps so that the alignment is maximum and the gaps are
least.

Heuristic approach, in theory not always optimal.
Add new sequences to an existing
Alignment

1. One new sequence

2. A set of new sequences, added one at a time

Use sequence weights to ensure that new sequence is
aligned to most closely related sequence.




How ?

Brute Force multi-dimensional Needleman-Wunsch is
computationally unrealistic

How ?

TULLA - Progressive Needleman-Wunsch of locked-sets

g 4|




How ?

Other methods

Feng & Doolittle

Clustal

ClustalW
PileUp

SAGA, Genetic Algorithms

Etc.

Example — Creation of a family alignment

The case of the Calcitonin proteins
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Example - Generation of Profiles

The case of DNA recognition elements
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Searching large sequence databases

Why ?
How ?

Example




Why ?

Is there any protein sequence that is similar to mine ?
Is this gene known in any other species ?
Has someone already identified this sequence ?

Can we guess function before tedious experimentation ?

How ?

Progressive alignment approach — e.g. TULLA (Subbiah, 1984)

Assume n =3 sequences to be aligned —a , b & c.
Align all pairs of sequences — (a,b), (b,c) & (a,c) — by pairwise NW
and pick the best aligned/most related pair, say (a,b).

Note, the (a,b) alignment may have gaps/insertions in a relative to b.
At all subsequent steps we keep this (a,b) alignment internally
“locked” — no further gaps/insertions introduced in a relative to b.

Now align this best locked pair (a,b) against the next sequence ¢ and
obtain a 3-way alignment, G. Note that gaps are introduced either in
sequence c or to both sequences a & b simultaneously.

When n > 3, repeat as necessary using increasingly larger locket-sets.
Heuristic method, no guarantee of mathematical optmimum.

G is not equal to 7', but often good enough approximation.




How ?

Other methods

BLAST
FASTA
PSI-BLAST
PHI BLAST
Etc.

Example — Finding related proteins in databases

The case of major outer membrane protein from Chlamydia

i 129145 | sp | POSTE0| OM1C CHLTR MAJOR CUTER MEMERAWNE PROTEIN. .. 737 0.0
gi|79376|pir| | 511007 major outer membrans protein - Chlamyd. .. 730 0.0
gi| 9957718 gk LAGOD444 .1 (AF202456) major outer membrane p... 711 0.0
gi| 9957722 | ghb| AAGO9446.1| (AFZ0Z458) major Ourer mewbrane p... 710 0.0
gi| 3135641 | gh| AACI1443,1] (AFOE3202) major outer menbrane p... Tos 0.0
i 129156 | sp|PE5114 | OMI1N CHLTE MAJOR CUTEFR MEMERAWNE FROTEIN. .. 7os 0.0
gi| 3135645 | gh| AACI1445,1] (AFOE3204) major outer menbrane p... o5 0.0
gi|129152 | sp|P153467 | OM1H CHLTRE MAJOR CUTER MEMERAWNE PROTEIN. .. 701 0.0
i 3135637 | gh] AAC531441.1) [(AFOB3200) major outer membrane p... oo o.o
gi|11561802 |gh| AAC31444.2 (AFOG3203) major outer menbrane ... 94 0.0
gi| 11561799 |gh| ARC31442.2| (AFOE3201) wajor outer mewbrane ... 9z 0.0
i 129133 |sp|P253732 | 0OM14 CHLTR MALJOR CUTER MEMERAWNE PROTEIN. .. EEE o.a
gi|53769545| gh| LACE4561.1] (AFOS6556) major outer membrane p... 631 0.0
gi| 79374 |pir| | 311006 mwajor outer membrane protein - Chlawmvyd. .. g90 0.0
gi| 144539 | gh| ALAZ3145.1| (J03813) wajor outer merbrane prot... g%0 0.0
gi| 12642493 |gb| AAKODZE5S. 1| AF269275 1 (AFZ689273) major outer... 654 0.0
gi|B4895825| gk LAF?ETER. 1] [AF265239) outer merbrane protein... 518 e-176




Concluding Example — An amusing tale

The intelligence of dinosaurs, old and new

Fact and fiction in alignment e

SIR We have discovered a stariling
similarity between’ a  dinosaer  DNA
soquence neported in the novel Jouressic
Park! and i tial_-human brain <D

T
Airirin enems
e

sequence  fromthe Wenter laboratory
described in Matues® (3ee figure). The
dinosaur sequence (I2inal) consists of
dplication, with base pairs from the
first members epeat aligning with
ihe human sequence -HUMXTUI431, at
1he 95 per cenidevel af identity with only
two gaps. The extraordinary degree of
nucleatide seguence  conservation  be-
tween organismssasdistamly related as
dinosaur and hemin suggests strongly
conserved =funetion,. - Expression  of
HUMMNTO S Em-human brain raises the
possibility thit- IMOENITSE WETe simiar-
ter than liass supposed, arguing
against the hypotlesis that their extine-
feon resulted from lack-of intellipence.
= 1

O discov alst seems Lo rodse D
interesting legal guestion as 1o whether
the copyright on Jfurassie Park takes
sddence over the pending pitent-on
e L humin

- However, it appears— that—
neither growp is entits o
legal protection for its
eoce, because both &8qD- o
enees also align with \:'lt’millg
vector pBR322, raising the
possibility that hoth groups inadvertently
sequenced vector DNA,
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