Multiple sequence alignment

Making a multiple sequence alignment with ClustalW
Making and comparing multiple sequence alignments with Tcoffee

Comparing sequences you cannot align



Many criteria for building a multiple sequence alignment

Criterion Meaning

Structural similarity Amino acids that play the same role in each structure are in the
same column. Structure superposition programs are the only
ones that use this criterion.

Evolutionary similarity Amino acids or nucleotide related to the same amino
acid (or nucleotide) in the common ancestor of all
the sequences are put in the same column. No automatic
program explicitly uses this criterion, but they all try to
deliver an alignment that respects it.

Functional similarity Amino acids or nucleotides with the same function are in the
same column. No automatic program explicitly uses this
criterion, but if the information is available, you can force
some programs to respect it or you can edit your alignment manually

Sequence similarity Amino acids in the same column are those that yield an alignment
with maximum similarity. Most programs use sequence similarity
because it is the easiest criterion. When the sequences are closely
related, structural, evolutionary, and functional similarities are
equivalent to sequence similarity



Main applications of multiple sequence alignments

Application
Extrapolation

Phylogenetic
analysis

Pattern
identification

Domain
identification
DNA regulatory
elements
Structure

prediction

PCR analysis

Procedure
A good multiple alignment can help convince you that an uncharacterized
sequence is really a member of a protein family

If you carefully choose the sequences to include in your multiple alignment, you
can reconstruct the history of these proteins

By discovering very conserved positions, you can identify a region that is
characteristic of a function (in proteins or in nucleic acid sequences)

It is possible to turn a multiple sequence alignment into a profile that describes
a protein family or a protein domain. You can use this profile to scan databases
for new members of the family.

You can turn a DNA multiple alignment of a binding site into a weight matrix
and scan other DNA sequences for potential similar binding sites

A good multiple alignment can give you an almost perfect prediction of your
protein secondary structure for both proteins and RNA. Sometimes it can also
help in the building of a 3-D model

A multiple alignment can help you identify the less degenerated portions of a
protein family, in order to fish out new members by PCR. If this is what you
want to do, you can use the following site: blocks.fhcrc.org/codehop.html.



Evolutionary rules

Important amino acids (or nucleotides) are not allowed to mutate

Less important residues change more easily, sometimes randomly,
and sometimes in order to adapt a function

:

Conserved & not conserved = important and less important



A few guidelines for selecting sequences

Problem diagnostics

Proteins or DNA  Use proteins whenever possible

Many sequences  Start with 10-15 sequences and avoid aligning more than 50

Very different Sequences that are less than 30% identical with more than
sequences half of the other sequences in the set cause troubles

Identical They never help. Avoid using sequences of more than 90% identity
sequences

Partial Multiple alignment programs prefer sequences that are roughly
sequences the same length

Repeated Mostly cause problems

sequences



BLAST servers integrating multiple alignment methods

Address

npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_blast.htmi
srs.ebi.ac.uk

What you can do there
Extract entire sequences
Extract sequences in FASTA
Submit sequences to ClustalW
Submit sequences to Tcoffee


http://www.expasy.org/tools/blast/

Multiple alignment at EXPASY server

Goto
Enter the sequence Accession Number or paste your sequence
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http://www.expasy.org/tools/blast/

Choosing the right multiple sequence alignment method

Using ClustalwW
The most commonly used program for multiple alignments
Pairwise alignment program: It uses a progressive algorithm,

building the alignment progressively
ClustalW at


http://www.ebi.ac.uk/clustalw/index.html

Help Index
General Help
Formats
Gaps

hl atrix
References
Clustalvy Help
Clustal®y FAG
Jalviewy Help
Scores Tahle
Alignment
Guide Tree

Colours

Similar Applications

F Muzcle
k T-Coffes

ISEE Submission Form

ClustalV is a general purpose multiple sequence alignment program for DMNA or proteins. |t
praduces hiologically meaningful multiple sequence alignments of divergent sequences. It
calculates the best match for the selected sequences, and lines them up so that the identities,
similarities and differences can be seen. Evalutionary relationships can be seen via viewing
Cladograms or Phylograms. New users, please read the FAQ.

== Download Software —i—l —_».—I _*;ﬂ

YOLUR EMAIL ALIGMMEMT TITLE RESLILTS ALIGMNMEMNT CPLU MODE
Sequence interactive v full | » gingle v
ETLIP | P D O SCORE TYPE TOPDIAG PAIRGAP
PAVORD SIZE) LEMGTH
def « def |« percent | # def » def =
Ml AT R L GAFR OPEM EMD GAP GAF
GAPS EXTEMSION DISTANCES
def b def w def w def w def w
DLUTPLIT FPHYLOGEMETIC TREE
DLUTPLIT OLUTPLT TREE TYFPE CORRECT DIST. IGNORE GARS
FORMAT DORDER
aln winumbers  # aligned none % off + oft |+

Enter or Paste a set of Sequences in any supported format;



QUTPUT PHYLOGEMETIC TREE

QUTPLIT QUTPLIT TREE TvFE CORRECT DIST. IGHNORE GAPS
FORMAT ORDER
aln wnumbers  w aligned nane % off » off »

Seguences in any supported format:

You can always change a format ( )

Aligned sequence order


http://www.bimcore.emory.edu/Pise/

The results come In three sections

Pairwise scores: pairwise comparison
The multiple alignments:
The guide tree: contains the tree that ClustalW used to guide its progressive
alignment strategy
there are several options if you click mouse button on the graph
you can also see a true phylogenetic tree

Changing ClustalW parameters

Substitution matrix: no effect, if your sequences are closely related
Gap-opening penalty: the higher the value, the more difficult it is to insert a gap
Gap-extension penalty: controls the size of the gaps

It is better not to change parameters in order to force ClustalW to produce
an alignment that you know is right




Making & evaluating alignments with Tcoffee

One of the most recently developed methods
More accurate alignments at the cost of a slightly longer running time
It compares segments across the entire sequence set

Usage Description

Multiple

alignment

Evaluation Evaluate the reliability of an existing multiple alignment

using structures  If some of your sequence have a known structure, Tcoffee can
use them to help the alignment.

Combining If you have several alignments of the same sequences produced
alignments with different methods (ClustalW and Tcoffee), you can
use Tcoffee to combine these alignments into a single one. Tcoffee
also shows you the regions where your alignments agree most



Point your browser to the Tcoffee server

TCoffee

A collection of tools for Computing, Evaluating and Manipulating Multiple
Alignments of DNA, Protein Sequences and Structures

Mirrorsites: T %o /e Phs g?im i

', f? . ey

.ol etae
ALIGNMENT

TCOFFEE | Regular | | Advanced | ogite 7

EXPRESSO(3DCoffee) | Regular | | Advanced | gite 7

MCOFFEE [Regilar] [ Advanced | o 7

COMBINE | Regular | | Advanced | gite 7
EVALUATION

CORE [ Regular] [ Advanced ] cite

iRMSD-APDB | Regular | | Advanced | | cite
PROCESSING

PROTOGENE | Regular | | Advanced | | cite

Mirrorsites: iy o “hs iy 7 40 S



http://tcoffee.vital-it.ch/cgi-bin/Tcoffee/tcoffee_cgi/index.cgi

Interpreting your multiple sequence alignment

Surface loops that evolve rapidly: gap-rich blocks
Core regions inside the protein that evolve less rapidly: gap-free blocks

The last line contains signs such as (*), (:), or (.)

(*) A star indicates an entirely conserved column

(:) A colon indicates columns where all the residues have roughly the
same size and the same hydropathy

(.) A period indicates columns where the size or the hydropathy has been
preserved in the course of evolution

Good block: a unit at least 10-30 amino acids long exhibiting at least 1-3 stars,
5-7 colons, and a few periods



Important amino acids for evaluating conserved columns

Amino acids characteristics

W,Y,F conserved tryptophan is common
G,P loops

C disulfide bridges

H, S catalytic sites

K,R,D, E ligand binding and salt bridge

L rarely conserved except leucine zipper



Advanced multiple alignments
motif-finding methods available online

Gibbs sampler:
local alignments
scrambles your sequences, aligns them randomly until a good solution appears

Other sites
Pratt
eMotif
MEME
TEIRESIAS
Bioprospector
Improbizer
BLOCK-Maker


http://bioweb.pasteur.fr/seqanal/interfaces/gibbs-simple.html

Multiple alignment in the right format

A classification of multiple sequence alignment formats

Name Type Usage

Post-script, Graphic terminal formats suitable for printing only
pdf, html

FASTA text easy to manipulate

PIR text similar to FASTA

MSF text most standard multiple alignment format
Selex text extended version of MSF

ALN text simplified version of MSF

default output of ClustalW
supported by many programs

Phylip text variant of ALN
useful for doing phylogenetic analysis
supported by most phylogenetic packages



Converting format

Pasteur Institute:

Others on the Web
FMTSEQ
READSEQ
SEQCHECK


http://bioweb.pasteur.fr/seqanal/interfaces/fmtseq.html

Multiple alignment for publication

1. Boxshade

If wvou hawe problems using this server (like getting no result), read this and see the

EAQ list,

Output fogrmat RTF_new b

Font|Size| 10
Consensus LiNg| consansus line with latters
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for some Shading occur sequUEnCes: 0.5 ~|{that must agree for shading)
Black: identical Enter SEQUE;":E only if 'consensus to a single sequence’ is required
. nurber:
Grey: similar Query title
{optianal}

When pasting MSF or ClustalW files, please make sure
that the pasted text starts with the header line of the alignment and
contains no extra blank lines at the bottom.

Input sequence Y
farmat

Paste 'fl'"':'_ur rultiple- PTPS-human#1-148 GE~emmmmarn: rommmsnsnee:
alignment file |y prpe 1B/ -154 LOPSGLTNAA AAYPYLL
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http://www.ch.embnet.org/software/BOX_form.html

2. Logos

Get your alignment in FASTA
Copy & paste the FASTA alignment into a word processing program
Replace the name with a space for each sequence

space

> MSTEGGGRRCQAQVS

Protein logo result:

Diate: Fri

tions: Logotype: 2



http://www.cbs.dtu.dk/~gorodkin/appl/plogo.html

3. GENEDOC

Install the program in your PC

GeneDoc - [Genell

PRI Project Edit Arrange  Shade  Groups £

[ Mew Ctel+M
= Open,, Ctrl+0
= LClose
—_l' Save Ctrl+5
Save bAs
Export
Brint,.. Ctrl+P
Print Preyiew
Print Setup, .,

1 PTPS-LIANB. hurman, msB
2 protein, msf
3 protein,msB
4 Genel, msf

Exit

v

Import Type

Select Input Device
i+ File " Clipboard

Please Select The Type of File,
[~ Fasta (Pearson) PIR

* CHSGICALN;  © GCG (MSF)

" Phylip I Text

" Fasta (DMA& =nty  © IUPAC Text
i GenBank

Irnpaort | Input |

Help | Done |

X]



http://www.psc.edu/biomed/genedoc/

Jalview

* Help

* zeneral Help
* Formats

* (Gaps

= fdatri

* References

* Clustal Help
= Clustalv FAZ
* Jalview Help
= Scores Table
* Alignment

* Guide Tree

= Colours

el Results

Results of search
Number of sequences | 4
Alighment score 1292
Sequence format Fearson
Sequence type aa
Clustal/¥ version 1.83

Jalview Start Jalview
Ourtpurt file clustalw- 2006051 5-07
Alignment file clustalw- 2006051 9-07

Guide tree file

clustalw- 2006051 9-07

Your input file

clustalw- 2006051 9-07

|  SUBMIT ANOTHER JOE |

& http://www.ebi.ac.uk/cgi-bin/jobresults/clustalw/clustal

FIEN Edit  Search  Vieww  Colour Calculate Help

ImpLt from teschbo | 19 . G i
Output to Textbox BLC i B - RS S

vLT o HF8aa
CLUSTAL - 8y nErRALFSAS

FASTA TLFEDFETFEEAA
MSF
PileUgp
PIR

PFAM

Load Aszsociated Tree

Close

Conservation

G75945642 678 Ta4z2258 - -

g w— B T

Consensus I

--FRA+HRI - - -


http://www.ebi.ac.uk/clustalw/index.html

Assignment

Multiple alignment with Tcoffee:
Tcoffee
EXpresso
Mcoffee
Core

Compare two groups of sequences:
Combine



