Alinhamento multiplo de
sequéncias



Alinhamento multiplo de sequéncias. O que é ?

« Um alinhamento multiplo de sequéncias € simplesmente uma extensao
do alinhamento de pares de sequéncias para um conjunto igual ou
superior a 3

- E 0 estabelecimento de correspondéncias entre residuos de diferentes
sequéncias

- A determinacao do alinhamento multiplo optimo de um conjunto de
sequéncias nao & um problema trivial e s6 pode ser resolvido para um
pequeno numero de sequéncias

« A geracao de alinhamentos multiplos é normalmente feita com recurso
a métodos heuristicos que nao garantem a solucao 6ptima



Exemplo de alinhamento multiplo
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Alinhamento de membros da familia das proteinas ribossomais L10P de diversos organismos



Importancia do alinhamento multiplo de
sequéncias

« Os alinhamentos multiplos de sequéncias sao uma ferramenta central para
a inferéncia da funcao das proteinas por comparacao das suas sequéncias

« Os alinhamentos multiplos sdao o ponto de partida para a previsao da
estrutura secundaria e identificacao dos residuos importantes para a
especificidade

« Os alinhamentos multiplos sdao a base dos métodos de pesquisa de
sequéncias mais sensiveis de que dispomos (ex.: PSI-Blast)

« Os alinhamentos multiplos sao ainda o ponto de partida para a construcao
de arvores filogenéticas e determinacao das relacoes evolutivas entre
organismos

« Os alinhamentos multiplos sdo uma forma conveniente de anotar as
caracteristicas estruturais e funcionais comuns a uma familia de proteinas.

« Os alinhamentos multiplos podem ser usados para a construcao de perfis,
matriz de score de score posicionais (PSSMs) e modelos ocultos de Markov
(HMMs)



O alinhamento multiplo aumenta a precisao do alinhamento simples

100 |- o°0 Comparacao da precisao de o
0 alinhaments de pares de sequéncias
< quando produzidos de forma isolada
X% P o ou fazendo parte de um alinhamento
80} g & Ty multiplo.

Pode ver-se que na maior dos casos a
+ precisao obtida com o alinhamento

++ e+ multiplo é superior (valores acima da
+ diagonal).

)]
O
++

(A precisao € avaliada atraves da
comparacao com alinhamentos

461 estruturais)

Precisao do alinhhamento multiplo (%)

O Globins (1)

20 O Constant domains (alone) (2)

O Variable domains (alone) (3)

X Constant domains (with variable) (4)
A Variable domains (with constant) (4)
+ Varigble versus constont (4)

1 I I | |
20 40 60 80 100

Precisao do alinhhamento simples (%)



Alinhamento multiplo: métodos

Os metodos para a producao de alinhamentos de 3 ou mais
sequéncias podem ser divididas em varias categorias:

- Extensao dos métodos optimos para N sequéncias: o
algoritmo de N-W pode ser estendido para 3 ou mais sequéncias,
mas exige o uso de matrizes multi-dimensionais e torna-se muito
pesado computacionalmente (exp.: MSA)

- Métodos progressivos (ou hierarquicos) : baseiam-se na
aplicacao sucessiva de metodos 6ptimos a todos os pares de
sequéncias, depois a pares de pares, etc., através de uma
estrutura em arvore. Sao os métodos mais usados. (Exp:
Clustalw, t-coffee)

- Métodos iterativos: geral um alinhamento global inicial de
todas as sequéncias, que é refinado em passos sucessivos
(SAGA, DIALIGN)

- Métodos de segmentos: comparacao de “janelas” de
comprimento fixo nas varias sequéncias (p.exp.: MACAW)



Programacao dinamica a N dimensoes

A extensao directo dos algoritmos de Needleman-Wunsch ou Smith-
Waterman para N sequéncias torna-se impraticavel
computacionalmente: o alinhamento dptimo € agora um caminho num
cubo a N dimensoes.

Se tivermos N sequéncias de comprimento L, a matriz tera LN células

Exemplo: 10 sequéncias de comprimento 200 - 20010 = 1022 células !

sequence B

sequence A

Matriz para o alinhamento multiplo de 3 sequéncias
(a seta vermelha representa o caminho éptimo na matriz)



Algoritmo de Carrillo-Lipman-Gupta

Este método é uma simplificacao que reduz o espaco de busca e permite
encontrar um alinhamento préximo do 6ptimo.

O método comeca por definir intervalos para o alinhamento de cada par
de sequéncias, e usa este intervalos para definir um volume de busca
dentro do hipercubo.

Implementado no programa MSA - demasiado pesado para ser usado
com mais de 25-30 sequéncias com ~100 aminoacidos.

Nao existem servidores de acesso livre para este programa.

Volume de

— busca

Alinhamento o
heuristico —

S Os alinhamentos
produzidos tém

Alinhamento "] baixa probabilidade
optimo de ser 6ptimos!




Calculo do score num alinhamento multiplo:
o método SP (sum of pairs)

Sequence
T L

N
N
...... N
N
C

[ R o L

Column A Column B

MNo. of N-N matched pairs (each scores 6):

10 6 4

MNo. of N-C matched pairs (each scores -3

0 4 6

ELOSUME?Z =core :
B0 24 B



Pares (N,N)
Pares (N,C)

Pares (C,C)

Score

Calculo do score num alinhamento multiplo:
o método SP (sum of pairs)

Sequence ColumnA ColumnB ColumnC
T R [ N
2 R [ N
3 L. D [ N
4 Ll R [ C
5 L R G C
N
AN
N fg'---;i--lr---:;} N
‘1.1' N\"‘ﬁ:\ ,‘}1”’ ’-‘;
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e
N N
Column A Column B Column C
10 3 Sgis2(N,N) = 6
O 6 SBéZ(N’C) = '3
0 1 Sgp(C,C) =9

10*6+0*(-3)+0*9=0

6*6+4*(-3)+0*9=24 3*6+6*(-3)+1*9=9



Metodos de alinhamento progressivo

Os métodos de alinhamento progressivo usam o algoritmo de
programacao dinamica para calcular distancias entre pares de
sequéncias. As distancias sao usadas para construir uma arvore que
serve de guia para criacao do alinhamento multiplo.

N Y N KY N F N F

N K/-Y/F L/-



Software para alinhamento multiplo progressivo

« CLUSTALW:
Um dos softwares mais usados, existe também como um programa que

pode ser instalado e executado no PC.
DEIXOU DE SER SUPORTADO PELO EBI

-« CLUSTAL OMEGA.:

Nova versao do programa CLUSTALW, usa modelos HMM em vez de
matrizes de score. Recomendado para proteinas.
http://www.ebi.ac.uk/Tools/msa/clustalo/

* T-COFFEE:

Mais rigoroso, mas mais lento que CLUSTALW, incorpora informacao de
varios metodos de alinhamento tanto locais como globais. Recomendado
para alinhamentos pequenos.

http://www.ebi.ac.uk/Tools/msa/tcoffee/

« MUSCLE:
Recomendado para alinhamentos de DNA/RNA
http://www.ebi.ac.uk/Tools/msa/muscle/



http://www.ebi.ac.uk/Tools/msa/clustalo/
http://www.ebi.ac.uk/Tools/msa/tcoffee/
http://www.ebi.ac.uk/Tools/msa/muscle/

CLUSTALW

Criado em 1994 por Thompson, Higgins and Gibson.

Alinhamento de todos os possiveis pares de sequéncias com um método de
programacao dinamica convencional

Arvore de guia (guide tree) construida a partir das similaridades entre todos
os pares calculadas no passo anterior é usada para conduzir a adicao
sucessiva de sequéncias ao alinhamento multiplo

As sequéncias mais proximas sao alinhadas primeiro

Os gaps nos alinhamentos de pares sao conservados até ao fim do
alinhamento

Esquema de penalizacao de gaps ajustavel

Sequéncias sao pesadas de acordo com seu graus similaridade

Vantagens do méetodo: rapido, suporta um grande numero de sequéncias ;
facilmente configuravel

Principal problema: os erros no alinhamento de pares propagam-se ao alinhamento
(o alinhamento de cada par nao tem em consideracao a relacao de cada sequéncia
as demais sequéncias.

Thomspm et al. (1994) Nuc.Ac.Res. 22:4673



CLUSTALW

B D o) O E =] &
AERERE R
HAHU
HEHU 21.1
HAHO 329 197
HBHO 207 | 390 204
MYWHP 11.0 9.8 10.3 97
PILHB 93| 86 | 96 | 84 | 7.0
LGHB 71 7.3 7.5 74 73 473
Cluster Analysis
LGHB
PILHR
MYWHP
HAHU
HAHO
— HREU
Increasing Similarity - HBHO
>

Multiple Alignment

HBHO

HAHO

HBHU

Dynamic
Programming

HAHU

Dynamic
Programming

Alignment

- e R

- s mmms s JRHO

MYWHP

Dynamic

New Gap

Programming _’ Bl

HEHU
HEHO
HAHU
HAHO

Dynamic q N I .

Programming

HBHU
HEBHO

HAHU
HAHO

HBHO
HAHU

HAHO

New Gap

HBHU

HBHO
HAHU

HAHO
MYWHP



T-Coffee

T-Coffee — Tree-based Consistency Object Function For Alignment Evaluation

« Criado por Cédric Notredame e colaboradores em 2000.

« Procura obviar a principal limitacao dos métodos de alinhamento progressivos:
propagacao dos erros nos alinhamentos de pares para o alinhamento multiplo
final

« Combina ainformacao de alinhamentos locais e globais entre todo os pares de
sequéncias para a geracao de uma livaria.

« Os pares de residuos da livraria sao pesados de acordo com a fiabilidade do
alinhamento de pares de onde provém.

« Alivraria de pares é extendida corrigindo os pesos de cada par de alinhamentos
com a geracao de todos os tripletos de sequéncias incluindo cada par.

« Os pesos sao usados para gerar alinhamentos de pares pelo método de
programacdo dinaGmica. As similaridades obtidas permitem gera uma arvore
guia e alinhar progressivamente todos as sequéncias (tal como CLUSTALW)

Vantagens do metodo: mais rigoroso que CLUSTALW, melhor para sequéncias
com regioes mais divergentes

Principal problema: a precisao diminui a medida que o numero de sequéncias
aumenta. Nao é fiavel para mais de ~100 sequéncias.

Notredame et al. (2000) J. Mol. Biol. 302:205-217
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T-Coffee

a)Regular Progressive Alignment Strategy
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CLUSTAL OMEGA ‘ Q |

lﬁLUSTAL,

Publicado em 2011

Optimizacoes no algoritmo reduzem a memoria e tempo de computacao
necessarias possiblitando o alinhamento de um niimero muito maior de
sequéncias (> 100 000)

Utilizacao de perfis baseados em modelos de Markov (HMMs) permite um
alinhamento mais rigoroso, particularmente nas regioes de fraca similaridade

Para além de mais rapido, € muito mais preciso do que ClustalW
Permite adicionar sequéncias a um alinhamento previamente calculaado
Permite usar um perfil HMM para uma determinada familia de sequéncias

como input adicional para o calculo do alinhamento multiploe, com aumento
significativo da precisao

Sieves et al. (2011) Mol. Sys. Biol. 7:529



Métodos iterativos alinhamento

Os métodos de alinhamento progressivo tém como principal problema a
propagacao dos erros nos alinhamentos iniciais para o alinhamento final.
Os métodos iterativos obviam esta situacao através de repetidos passos
de alinhamento global, com vista a otimizacao do score (por exemplo
SP).

« DIALIGN: pesquisa de alinhamentos locais sem gaps em pares de
sequéncias, pesados para o calculo e otimizacao do alinhamento final.
https://dialign.gobics.de/anchor/submission.php

 PRRP/PRRN: refinamento iterativo de um alinhamento progressivo
com construcao de arvore e uso de pesos no alinhamento de pares.
https://www.genome.|p/tools-bin/prrn

« SAGA: método iterativo baseado num algoritmo genético.

Nao esta disponivel na forma de servico “on-line”. E bastante pesado
computacionalmente.

https://tcoffee.org/Projects/saga/index.html



https://dialign.gobics.de/anchor/submission.php
https://www.genome.jp/tools-bin/prrn
https://tcoffee.org/Projects/saga/index.html

Alinhamento iterativo com PRRP/PRRN
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Multiple Sequence Alignment

® Feedback

Tools > Multiple Sequence Alignment

Service Announcement

webpages!

Multiple Sequence Alignment (MSA) is generally the alignment of three or more biological sequences (protein or nucleic acid) of similar length. From the output,
homology can be inferred and the evolutionary relationships between the sequences studied

By contrast, Pairwise Sequence Alignment tools are used to identify regions of similarity that may indicate functional, structural and/or evolutionary relationships
between two biological sequences.

Clustal Omega
New MSA tool that uses seeded guide trees and HMM profile-profile techniques to generate alignments. Suitable for medium-large alignments.

ALaunch Clustal Omega

Cons (EMBOSS)
EMBOSS Cons creates a consensus sequence from a protein or nucleotide multiple alignment.

ALaunch EMBOSS Cons

Kalign
Very fast MSA tool that concentrates on local regions. Suitable for large alignments.
ALaunch Kalign

MAFFT

MSA tool that uses Fast Fourier Transforms. Suitable for medium-large alignments.

MUSCLE
Accurate MSA tool, especially good with proteins. Suitable for medium alignments.

Alaunch MUSCLE

MView
Transform a Sequence Similarity Search result into a Multiple Sequence Alignment or reformat a Multiple Sequence Alignment using the MView program.

ALaunch MView

Consistency-based MSA tool that attempts to mitigate the pitfalls of progressive alignment methods. Suitable for small alignments.

AlLaunch T-Coffee

WebPRANK

The EBI has a new phylogeny-aware multiple sequence alignment program which makes use of evolutionary information to help place insertions and deletions.

The tools described on this page are provided using Search and sequence analysis tools services from EMBL-EBI in 2022

Please read the provided Help & Documentation and FAQs before seeking help from our support staff. If you have any feedback or encountered any issues please let us

know via EMBL-EBI Support. If you plan to use these services during a course please contact us. Read our Privacy Notice if you are concerned with your privacy and
how we handle personal information.

EMBL-EBI Services Research Industry About EMBL-EBI
Data resources and lools Publications Live training Members Area Contact us
Data submission Research groups On-demand training Contact Indusiry team Events
Support and feedback Postdocs and PhDs Support for trainers Jobs
Licensing Contact organisers News

People and groups

ampus, Hinxton, Cambrid

e, CB10 1SD, UK. +44 (0)1223 4:

Copyright ® EMBL 2023 | EMBL-EBI is part of the European Molecular Biology Laboratory | Terms of use

Intranet »
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Clustal Omega

Input form Web services ‘ Help & Documentation ‘ Bioinformatics Tools FAQ ® Feedback

Tools > Multiple Sequence Alignment > Clustal Omega

Service Announcement

The new Job Dispatcher Services beta website is now available at https://wwwdev.ebi.ac.uk/Tools/jdispatcher. We'd love to hear your feedback about the new
webpages!

Multiple Sequence Alignment

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments between three
or more sequences. For the alignment of two sequences please instead use our pairwise sequence alignment tools.

Important note: This tool can align up to 4000 sequences or a maximum file size of 4 MB.

STEP 1 - Enter your input sequences

Enter or paste a set of

PROTEIN v

Vi
Or, upload a file: No file chosen Use a example sequence | Clear sequence | See more example inputs
STEP 2 - Set your parameters
OUTPUT FORMAT
ClustalW with character counts v

DEALIGN INPUT SEQUENCES MBED-LIKE CLUSTERING GUIDE-TREE MBED-LIKE CLUSTERING ITERATION NUMBER of COMBINED ITERATIONS




Input form Web services Help & Documentation Bioinformatics Tools FAQ * Feedback

Vi

Or, upload a file: No file chosen Use a example sequence | Clear sequence | See more example inputs

STEP 2 - Set your parameters
QUTPUT FORMAT

‘ ClustalW with character counts v ‘
DEALIGN INPUT SEQUENCES MBED-LIKE CLUSTERING GUIDE-TREE MBED-LIKE CLUSTERING ITERATION NUMBER of COMBINED ITERATIONS
‘ no v | yes v | yes v || default(0) v
MAX GUIDE TREE ITERATIONS MAX HMM ITERATIONS DISTANCE MATRIX GUIDE TREE
‘ default v | default ¥ || no v | yes v
ORDER

aligned v

STEP 3 - Submit your job

() Be notified by email (Tick this box if you want to be notified by email when the results are available)

If you use this service, please consider citing the following publication: Search and sequence analysis tools services from EMBL-EBI in 2022

Please read the provided Help & Documentation and FAQs before seeking help from our support staff. If you have any feedback or encountered any issues please let us

Services Research Industry About EMBL-EBI
Data resources and tools Publications Live training Members Area Contact us
Data submission Research groups On-demand training Contact Industry team Events

Support and feedback Postdocs and PhDs Support for trainers Jobs
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Clustal Omega

Input form Web services ‘ Help & Documentation Bioinformatics Tools FAQ ® Feedback

Tools > Multiple Sequence Alignment > Clustal Omega

Service Announcement

The new Job Dispatcher Services beta website is now available at https://iwwwdev.ebi.ac.uk/Tools/dispatcher. We'd love to hear your feedback about the new
webpages!

Multiple Sequence Alignment

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments between three
or more sequences. For the alignment of two sequences please instead use our pairwise sequence alignment tools.

Important note: This tool can align up to 4000 sequences or a maximum file size of 4 MB.
STEP 1 - Enter your input sequences

Enter or paste a set of

PROTEIN v

sequences in any supported format:

>sp|P00762|TRY1_RAT Serine protease 1 OS=Rattus norvegicus OX=10116 GN=Prss1 PE=1 SV=1 -
MSALLILALY GAAVAFPLED DDKIVGGYTC PEHSVPYQVS LNSGYHFCGG SLINDQWVVS

AAHCYKSRIQ VRLGEHNINV LEGDEQFINA AKIIKHPNYS SWTLNNDIML IKLSSPVKLN

ARVAPVALPS ACAPAGTQCL ISGWGNTLSN GVNNPDLLQC VDAPVLSQAD CEAAYPGEIT

SSMICVGFLE GGKDSCQGDS GGPVVCNGQL QGIVSWGYGC ALPDNPGVYT KVCNFVGWIQ

DTIAAN v
IDN7AZTITOMA LI INARL Cari . 1 0c-u iamA AV=0RNR AA=NDCCA NE=d ) (=4 v
Or, upload a file: | Choose File |No file chosen Use a example sequence | Clear sequence | See more example inputs

STEP 2 - Set your parameters

QUTPUT FORMAT

ClustalW with character counts v

DEALIGN INPUT SEQUENCES MBED-LIKE CLUSTERING GUIDE-TREE MBED-LIKE CLUSTERING ITERATION NUMBER of COMBINED ITERATIONS




Web services Help & Documentation Bioinformatics Tools FAQ ®: Feedback

Service Annoy >sp|P35035| TRY1_ANOGA Trypsin-1 0S=Anopheles gambiae 0X=7165 GN=TRYP1 PE=2 SV=3
MSNKIAILLAVLVAVVACAEAQANQRHRLVRPSPSFSPRPRYAVGQRIVGGFEIDVSDAP
YQVSLQYNKRHNCGGSVLSSKWVLTAAHCTAGASPSSLTVRLGTSRHASGGTVVRVARVY

webpages! QHPKYDSSSIDFDYSLLELEDELTFSDSVQPVGLPKQDETVKDGTMTTVSGWGNTQSAAE
SNAVLRAANVPTVNQKECNKAYSEFGGVTDRMLCAGYQQGGKDACQGDSGGPLVADGKLY
GVVSWGYGCAQAGYPGVYSRVAVVRDWVRENSGY

The new Job Disg ack about the new

M u Itl ple >sp|P35031| TRY1_SALSA Trypsin-1 0S=Salmo salar 0X=8030@ PE=1 SV=1
MISLVFVLLIGAAFATEDDKIVGGYECKAYSQTHQVSLNSGYHFCGGSLVNENWVVSAAH

Clustal Omega is @ | cyKSRVEVRLGEHNIKVTEGSEQFISSSRVIRHPNYSSYNIDNDIMLIKLSKPATLNTYV alignments between three
or more sequences QPVALPTSCAPAGTMCTVSGWGNTMSSTADSNKLQCLNIPILSYSDCNNSYPGMITNAMF

CAGYLEGGKDSCQGDSGGPVVCNGE LQGVVSWGYGCAEPGNPGVYAKVCIFNDWLTSTMA

Important note: Th SY
>sp|P@7477 | TRY1_HUMAN Serine protease 1 0S=Homo sapiens 0X=9606 GN=PRSS1 PE=1 SV=1
MNPLLILTFVAAALAAPFDDDDKIVGGYNCEENSVPYQVSLNSGYHFCGGSLINEQWVVS
AGHCYKSRIQVRLGEHNIEVLEGNEQF INAAKIIRHPQYDRKTLNNDIMLIKLSSRAVIN

Enterorpaste 3 S€ ApySTISLPTAPPATGTKCLISGWGNTASSGADYPDELQCLDAPVLSQAKCEASYPGKIT

PROTEIN SNMFCVGF LEGGKDSCQGDSGGPVVCNGQLQGYVSWGDGCAQKNKPGVYTKVYNYVKWIK .
NTIAANS

STEP 1 - Enter

sequences in any

>sp|P@@762| TRY1_RAT Serine protease 1 0S=Rattus norvegicus 0X=10116 GN=Prssl PE=1 SV=1
>sp|P35035|TR| MSAL LI LALVGAAVAFPLEDDDKIVGGYTCPEHSVPYQVSLNSGYHFCGGSLINDQWVVS
MSNKIAILLAVLY AAHCYKSRIQVRLGEHNINVLEGDEQF INAAKIIKHPNYSSWTLNNDIMLIKLSSPVKLN
YQVSLAYNKRY 5 py/apyAL PSACAPAGTQCLISGWGNTLSNGYNNPDLLQCVDAPYLSQADCEAAYPGETT

QHPKYDSSSID
SNAVLRAANVA SSMICVGFLEGGKDSCQGDSGGPVVCNGQLQGIVSWGYGCALPDNPGVYTKVCNFVGWIQ

GVVSWGYGCADTIAAN

LR280241L0Y 55 | P35049 | TRYP_FUSOX Trypsin 0S=Fusarium oxysporum 0X=5507 PE=1 SV=1
O, upload a file: || MVKFASVVALVAPLAAAAPQEIPNIVGGTSASAGDF PF IVSISRNGGPHCGGSLLNANTV 1ce | See more example inputs
LTAAHCVSGYAQSGFQIRAGSLSRTSGGITSSLSSVRVHPSYSGNNNDLAILKLSTSIPS
GGNIGYARLAASGSDPVAGSSATVAGWGATSEGGSSTPVNLLKVTVPIVSRATCRAQYGT
SAITNQMFCAGYSSGGKDSCQGDSGGPIVDSSNTLIGAVSWGNGCARPNYSGVYASVGAL

RSFIDTYA

STEP 2 - Set yg

OUTPUT FORMAT |
—




Input form ‘ Web services Help & Documentation Bioinformatics Tools FAQ

Results for job clustalo-120231119-202517-0977-1543815-p1m
Result Summary Guide Tree Phylogenetic Tree Results Viewers Submission Details

Download Alignment File Hide Colors

CLUSTAL 0(1.2.4) multiple sequence alignment

sp|P35@49 | TRYP_FUSOX

---MV--KFASVWWALVAPL------------------ AAAAPQEIPNIVGGTSASAGDFP 37

sp|P35635|TRY1_ANOGA MSNKIAILLAVLVAVVACAEAQANQRHRLVRPSPSFSPRPRYAVGQRIVGGFEIDVSDAP 66
sp|P35@31|TRYL_SALSA == -MISLVFVLL---IGAA----=--=--c-----ouooo FATEDDKIVGGYECKAYSQT 33
sp|P@7477 | TRYL_HUMAN == =MNPLLILTF=---VAAA-=--===-=--==----- LAAPFDDDDKIVGGYNCEENSVP 36
sp|Pee762 | TRY1_RAT ---MSALLILAL---VGAA-==-========-=-=--- VAFPLEDDDKIVGGYTCPEHSVP 36
. . EE L
sp|P35049|TRYP_FUSOX FIVSISRNGGPWCGGSLLNANTVLTAAHCVSGYAQSGFQIRAGSLSR---TSGGITSSLS 94
sp|P35@35 | TRYL1_ANOGA YQVSLQYNKRHNCGGSVLSSKWVLTAAHCTAGASPSSLTVRLGTSRH---ASGGTVVRVA 117
sp|P35@31|TRYL_SALSA HQVSLNS-GYHFCGGSLVNENWVVSAAHCYKS - ---RVEVRLGEHNIKVTEGSEQFISSS 88
sp|PB?477|TRY1_HUMAN YQVSLNS-GYHFCGGSLINEQWVVSAGHCYKS----RIQVRLGEHNIEVLEGNEQFINAA 91
sp|Pe@762 | TRYL_RAT YQVSLNS GYHFCGGSLINDQWVVSAAHCYKS----RIQVRLGEHNINVLEGDEQFINAA 91
e EEEEL L pE kR LorE .. H
sp|P35@49 | TRYP_FUSOX SVRVHPSYSGNN--NDLAILKLSTSIPSGGNIGYARLAASGSDPVAGSSATVAGWGATSE 152
sp|P35@35 | TRYL_ANOGA RVVQHPKYDSSSIDFDYSLLELEDELTFSDSVQPVGLPKQDETVKDGTMTTVSGWGNTQS 177
sp|P35631|TRY1_SALSA RVIRHPNYSSYNIDNDIMLIKLSKPATLNTYVQPVALPTSC--APAGTMCTVSGWGNTMS 146
sp|PB?477|TRY1_HUMAN KIIRHPQYDRKTLNNDIMLIKLSSRAVINARVSTISLPTAP--PATGTKCLISGWGNTAS 149
sp|Pe@762 | TRYL_RAT KIIKHPNYSSWTLNNDIMLIKLSSPVKLNARVAPVALPSAC--APAGTQCLISGNGNTLS 149
. % Xk * * T - . *x* *
sp|P35@49 | TRYP_FUSOX GGSSTPVYNLLKVTVPIVSRATCRAQYGT-SAITNQMFCAGYSSGGKDSCQGDSGGPIVDS 211
sp|P35@35 | TRYL_ANOGA AAES-NAVLRAANVPTVNQKECNKAYSEFGGVTDRMLCAGYQQGGKDACQGDSGGPLVAD 236
sp|P35631|TRY1_SALSA STAD-SNKLQCLNIPILSYSDCNNSYP--GMITNAMFCAGYLEGGKDSCQGDSGGPVVCN 283
sp|P@7477 | TRY1_HUMAN SGADYPDELQCLDAPVLSQAKCEASYP--GKITSNMFCVGF LEGGKDSCQGDSGGPVVCN 287
sp|P@@762 | TRYL_RAT NGVNNPDLLQCVDAPVLSQADCEAAVP——GEITSSMICVGFLEGGKDSCQGDSGGPVVCN 207

* * . ko Lo Rk R sk okkokkokkok .k
sp|P35049| TRYP_FUSOX SNTLIGAVSWGNGCARPNYSGVYASVGALRSFIDTYA---- 248
sp|P35035| TRY1_ANOGA -GKLVGVVSWGYGCAQAGYPGVYSRVAVVRDWVRENSGY - - 274
sp|P35031| TRY1_SALSA -GELQGVVSWGYGCAEPGNPGVYAKVCIFNDWLTSTMASY - 242
sp|P@7477 | TRYL1_HUMAN -GQLQGVVSWGDGCAQKNKPGVYTKVYNYVKWIKNTIAANS 247
sp|Pee762| TRYL_RAT —GQLQGIVSWGYGCALPDNPGVYTKVCNFVGWIQDTIAAN- 246

EEE N I T 2 3 *kk . X

PLEASE NOTE: Showing colors on large alignments is slow.



# EMBL-EBI Services Research Training Industry About us Q EMBL-EBI Hinxton ~

T-Coffee

Input form Web services ‘ Help & Documentation Bioinformatics Tools FAQ ®: Feedback

Tools > Multiple Sequence Alignment > T-Coffee

Service Announcement

The new Job Dispatcher Services beta website is now available at https://wwwdev.ebi.ac.uk/Tools/jdispatcher. We'd love to hear your feedback about the new
webpages!

Multiple Sequence Alignment

T-Coffee is a multiple sequence alignment program. Its main characteristic is that it will allow you to combine results obtained with several alignment methods.

Important note: This tool can align up to 500 sequences or a maximum file size of 1 MB.

STEP 1 - Enter your input sequences

Enter or paste a set of

PROTEIN

sequences in any supported format:

7
Or upload a file: | Choose File | No file chosen Use a example sequence | Clear sequence | See more example inputs

STEP 2 - Set your Parameters



Input form Web services Help & Documentation Bioinformatics Tools FAQ ®: Feedback

Or upload a file: | Choose File | No file chosen Use a example sequence | Clear sequence | See more example inputs

STEP 2 - Set your Parameters

OUTPUT FORMAT:

Clustalw v

MATRIX ORDER

None v aligned v

STEP 3 - Submit your job

[ Be notified by email (Tick this box if you want to be notified by email when the results are available)

If you use this service, please consider citing the following publication: Search and sequence analysis tools services from EMBL-EBI in 2022

Please read the provided Help & Documentation and FAQs before seeking help from our support staff. If you have any feedback or encountered any issues please let us

how we handle personal information.

EMBL-EB Services Research Industry About EMBL-EBI
Data resources and tools Publications Live training Members Area Contact us
Data submission Research groups On-demand training Contact Industry team Events
Support and feedback Postdocs and PhDs Support for trainers Jobs
Licensing Contact organisers News

People and groups

EMBL-EBI, Wellcome Genome Campus, Hinxton, Cambridgeshire, CB10 1SD, UK. +44 (0)1223 49 44 44
Copyright © EMBL 2023 | EMBL-EBI is part of the European Molecular Biology Laboratory | Terms of use Intranet »




Input form ‘ Web services Help & Documentation Bioinformatics Tools FAQ

Results for job tcoffee-120231119-204502-0180-22949044-p1m
M Result Summary Guide Tree Phylogenetic Tree Results Viewers Submission Details

Download Alignment File Hide Colors

CLUSTAL W (1.83) multiple sequence alignment

sp|PoB762 | TRYL_RAT

sp|PO7477 | TRY1_HUMAN
sp|P35031| TRY1_SALSA
sp|P35035| TRY1_ANOGA
sp|P35049 | TRYP_FUSOX

sp|Po@762 | TRYL_RAT

sp|PO7477 | TRY1_HUMAN
sp|P35031| TRY1_SALSA
sp|P35035| TRY1_ANOGA
sp|P35049 | TRYP_FUSOX

sp|POB762 | TRYL RAT

sp|PO7477 | TRY1_HUMAN
sp|P35031| TRY1 SALSA
sp|P35035| TRY1_ANOGA
sp|P35049 | TRYP_FUSOX

sp|PoO762 | TRYL_RAT

sp|PB7477 | TRY1_HUMAN
sp|P35031| TRY1_SALSA
sp|P35035| TRY1_ANOGA
sp|P35049 | TRYP_FUSOX

sp|POB762 | TRYL RAT

sp|PO7477 | TRY1_HUMAN
sp|P35031| TRY1_SALSA
sp|P35035| TRY1_ANOGA
sp|P35049 | TRYP_FUSOX

sp|POB762| TRY1_RAT

sp|PO7477 | TRY1_HUMAN
sp|P35031| TRY1 SALSA
sp|P35035| TRY1_ANOGA
sp|P35049 | TRYP_FUSOX

MSAL-LIL-A-LVGAAVA- F---P-LEDDDKIV
MNPL-LIL-T-FVAAALA-——— A---P-FDDDDKIV
MISL-VFV-L-LTGAAFA-~— = - = - o oo oo oo oo TEDDKTV
MSNKTATL - LAVLVAVVACAEAQANQRHRLVRPSPSFSPRPRYAVGQRIV
MVKF ~ASVVA- LVAPLAAAA - -~ =<~ = <= - = oo oo oo PQEIPNIV
*® *® .**

GGYTCPEHSVPYQVSLNS-GYHFCGGSLINDQWVVSAAHCYK - - - -SRIQ
GGYNCEENSVPYQVSLNS-GYHFCGGSLINEQWVVSAGHCYK - - - -SRIQ
GGYECKAYSQTHQVSLNS-GYHFCGGSLVNENWVVSAAHCYK - - - -SRVE
GGFEIDVSDAPYQVSLQYNKRHNCGGSVL SSKWVL TAAHCTAGASPSSLT
GGTSASAGDFPFIVSISRNGGPWCGGSLLNANTVLTAAHCVSGYAQSGFQ
== oL TR FEEELLL L FooELEE R
VRLGEHNINVLEGDEQFINAAKIIKHPNYSSWTLNNDIMLIKLSSPVKLN
VRLGEHNIEVLEGNEQFINAAKIIRHPQYDRKTLNNDIMLIKLSSRAVIN
VRLGEHNIKVTEGSEQFISSSRVIRHPNYSSYNIDNDIMLIKLSKPATLN
VRLGTSRH-ASGG--TVVRVARVVQHPKYDSSSIDFDYSLLELEDELTFS
IRAGSLSR-TSGG--ITSSLSSVRVHPSYSGN- -NNDLAILKLSTSIPSG
. . : LR N .
ARVAP - -VALPSA--CAPAGTQCLISGWGNTLSNGVNNPDLLQCVDAPVL
ARVST--ISLPTA--PPATGTKCLISGWGNTASSGADYPDELQCLDAPVL
TYVQP - -VALPTS - -CAPAGTMCTVSGWGNTMSSTADS -NKLQCLNIPIL
DSVQP - -VGLPKQDETVKDGTMTTVSGWGNTQSAAESN - AVLRAANVPTY
GNIGYARLAASGS--DPVAGSSATVAGWGATSEGGSSTPVNLLKVTVPIV
: H e ppEEE R . * o
SQADCEAAYP - -GEITSSMICVGF LEGGKDSCQGDSGGPVVC -NGQLQGT
SQAKCEASYP - -GKITSMMFCVGF LEGGKDSCQGDSGGPVVC -NGQLQGY
SYSDCNNSYP - - GMITHNAMFCAGYLEGGKDSCQGDSGGPVVC -NGELQGY
NQKECNKAYSEFGGVTDRMLCAGYQQGGKDACQGDSGGPLVA -DGKLVGY
SRATCRAQYG- TSATITNQMFCAGVSSGGKDSCQGDSGGPIVDSSNTLIGA
= .

= ® ox.x o x RO o HORRKKRKKK o K * ok

VSWGYGCALPDNPGVYTKVCHNFVGWIQDTIAA-N
VSWGDGCAQKNKPGVYTKVYNYVKWIKNTIAANS
VSWGYGCAEPGNPGVYAKVCIFNDWLTSTMAS-Y
VSWGYGCAQAGYPGVYSRVAVVRDWVRENSG- -V
VSWGNGCARPNYSGVYASVGALRSFIDTY----A

EEEE EEE EEkEk. E

PLEASE NOTE: Showing colors on large alignments is slow.



Inferéncias estruturais e funcionais a partir de alinhamentos multiplos
de sequéncias

Centro activo

Escherichia coli

Porphyra purpurea
Thiobacillus ferrooxidans
Streptomyces clavuligerus
Cyanidioschyzon merolae
Human

Rhesus monkey

Sheep

Rabbit

Chicken

Dictyostelium discoideum
Dictyostelium discoideum
Drosophila melanogaster
Caenorhabditis elegans
Ricinus communis
Neurospora crassa

Estrutura secundaria —» pppppp
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Alinhamento de sequéncias da tioredoxina



Edicao interactiva de alinhamentos com Jalview

The Jalview Desktop Figures
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Jalview desktop

|_-_| File Tools Help Window Jalview 2.11.3.0

MAFFT Multiple Sequence Alignment of Retrieved from Uniprot — O X

File Edit Select View Annotations Format Celour Calculate Web Service

Original Phosphorylation Site Predictions MAFFT Alignment Ordering FE2S2 Repre... > Vv
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JalviewdS web app
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NCBI MSA Viewer

National Libr ry of Medicine pmartel.at.ualg@g...

National Center for Biotechnology Information

NCBI MSA Viewer 1.25.0 Help Release Notes

Alignment
Link To View | Feedback
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| ' : } : : ) L
+ + + + + + + + +

’5 5 5 Pile-uf
I
Find: | v g

< Tools = % Columns E Rows “' Download ~ = P
Sequence ID Start |90 1'770 140 |§0 I§0 290 2.20 2{-0 2?0 281. End Organism
P35049 1 ¥ III- n Irifmi"ymi IIIIIIIII armmniE e m 248 Fusarium oxysporum
P35035 1 ¥ | 1 ElErenE I eEnl 274 Anopheles gambiae
P35031 1 ¥ mElmIE e HE | | 242 Salmo salar
P07477 1 g INIEII EEIININ 1l EINIT BIE R 247 Homo sapiens
P00762 1 ¥ NN IO [T BRIRT B WRTEEET JRSS I 0 A ST 246 Rattus norvegicus
PROTEIN: 1 - 281 (281r shown) " %¥ Rows shown: 5/5

FOLLOW NCBI




1.

Protocolo de alinhamentos multiplos

Encontrar as sequéncias a alinhar, através de pesquisas em bases de dados
ou por outra via

Definir as regides de cada sequéncia a incluir no alinhamento (nao tentar
alinhar regides demasiado diferentes!)

Avaliar o grau de semelhanca das sequéncias através dos alinhamentos de
pares

Comecar por alinhar as sequéncias mais semelhantes, adicionar em
seguida as mais distantes

Inspeccionar o alinhamento obtido, procurando problemas: regidoes com
demasiados gaps, baixa conservagao, conflito com outras fontes de
informacao (p.exp. localizacao do centro activo). Corrigir manualmente com
um editor de alinhamento (p.exp. Seaview ou Jalview)

Remover as sequéncias que “destroem” o alinhamento, re-alinhar as
restantes

Usar os residuos-chave conservados no sub-alinhamento como guia para a
adicao de novas sequéncias
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